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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

000002



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

000003



'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

0060C13



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).

otjooss



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.

06boe9g



However, significant elevation was observed in the NCI study
among a subgroup of workers (white male 20-29 year latency) when
compared to national rates. There was no excess when compared to
local rates. NCI found no evidence of a dose-response
relationship and no increased incidence of lung cancer with
duration of employment, despite special efforts to analyze the
data using different, more sensitive techniques.¥

Significantly, Blair and the co-authors of the study concluded
that "[t]he data provide little evidence that mortality from
cancer is associated with formaldehyde exposure at levels
experienced by workers in this study." Lung cancer is not
elevated across the collective cohort; given that lung cancer is
not a rare cancer, the power_of the collective epidemiology data
base is considerable.

The Draft Document improperly references the now-
discredited Sterling and Weinkam analysis. Dr. Theodore
Sterling, who has previously "reanalyzed" smoking data to raise
guestions about whether smoking causes lung cancer,* has

attempted to reanalyze the NCI Study results to attribute lung

¥a slight excess in lung cancer was observed in the Stayner
study but there was no dose response relationship and the authors
did not attribute the excess to formaldehyde. .

“Dr. Sterling has inferred that working is a more significant
cause of lung cancer than smoking. See Sterling, "Does Smoking

Kill Workers or Working Kill Smckers,™ 8 Int’] J. Health Serv.
437-52 (1978).
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cancer to formaldehyde.* Expert epidemiolbgists have critiqued
Dr. Sterling’s analysis, and identified such gaping holes that
Sterling’s study must be entirely disregarded. A few of the key
points are as follows:

° Sterling’s reanalysis ignores the increased rate of
lung cancer in the general population since World War
II principally as a result of smoking. Sterling’s
failure to make this correction for time trends in
respiratory cancer casts doubt on the validity of his
observations of increased risk, given that lung cancer
has doubled in the U.S. over the past 40 years. NCI
took into account changes in lung cancer over time, as
must be done in any well-conducted lung cancer study
analysis.

° Sterling’s insistence on a healthy worker effect for
cancer does not comport with the published literature.

° Sterling does not adequately support his two methods of
analysis -- a categorical log-linear analysis and a
Mantel-Haenzel analysis. The categorical log-linear
model does not adequately fit the data, and there is no
comment on whether the Mantel-Haenzel model fits the
data. It appears that Sterling did not control for sex
or race in the Mantel-Haenzel analysis. In both cases,
Sterling failed to perform a trend test to show whether
there was a significant trend.

° Sterling’s analysis inexplicably concludes that the
shorter the duration of exposure, the greater the
likelihood of cancer risk. This suggests that the
observed cancers likely are due to a cause other than
formaldehyde.

° Sterling arbitrarily selected his exposure categories
to maximize support for his theories.

° Sterling mischaracterizes the results of essentially

‘“apfter several rejections, the fourth version of the paper has
been published. Sterling and Weinkam, "Reanalysis of Lung Cancer
Mortality in a National Cancer Institute Study," 30 J. Occup. Med.
895 (Nov., 1988). The same authors subseguently published
corrections which significantly changed the results but not the
authors’ conclusions. Sterling and Weinkam, "Reanalysis of Lung
Cancer Mortality in a National Cancer Institute Study: Additional
Discussion," 31 J. Occup. Med. 881 (1989).
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negative epidemiology studies as providing evidence of
carcinogenicity, and he improperly tries to explain
away negative studies.

e Sterling’s classification of hourly and salaried
employees is simplistic, incomplete and selective.

° Sterling uses confusing terminology and does not
adequately explain the methods used or the raw data,
which appears to differ significantly from the NCI
data.
Several comments on Dr. Sterling’s analysis are included in
Exhibit 14. The authors of the NCI study also published a
rebuttal to Sterling‘s work.®?

Sterling’s report has led to further evaluation of the
NCI data. Those evaluations have confirmed NCI’s initial
findings of no association between formaldehyde and lung cancer.

First, Blaif, et al, —- the original authors of the NCI
study -- have performed further analysis to determine whether any
asspciation between lung cahcgr'and formaldehyde occurred in a
subgroup of the cohort and to identify other occupational risk
factors that may have been involved.® The further analysis

confirms Blair’s earljer conclusion that there is no

“Blair, et al,, "Formaldehyde Revisited -~ Comments on the
Reanalysis of the National Cancer Institute Study of Workers
Exposed to Formaldehyde, " 31 J. Occup. Med. 881 (1989) (reaffirming
the conclusion that "it was unlikely that the excess was due to
formaldehyde because, in our analysis, mortality from lung cancer
did not rise significantly with increasing intensity, cumulative,
average, peak, or duration of exposure to formaldehyde, and because
of the lack of consistency among the ten plants®).

“plair, et al., "Mortality from Lung Cancer Among Workers
Employed in Formaldehyde Industries,"” 17 Am. J. Ind. Med. 683-90
(1990). The further analysis included use of various estimates of
exposure, including duration, intensity, peak, cumulative, and
average, and consideration of exposures lagged by 5, 10, 20 and 30
years.
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exposure-response relationship and therefore no evidence of a
causal association between lung cancer and formaldehyde:

The relative risk for lung cancer (whether estimated by
SMRs or SRRs) 20 or more years after first exposure did
not generally rise with increasing exposure to
icrmaldehyde. Various estimates of exposure were
investigated including duration, intensity, peak,
cumulative, and average, and by exposures lagged by 5,
10, 20 and 30 years. The excess did not appear to
arise gradually, but emerged suddenly among workers
whose total cumulative exposure was less than 0.1 ppm-
years. Slightly positive, but nonsignificant,
exposure-response associations between lung cancer and
level of formaldehyde occurred in only a few out of a
large number of comparisons (e.g., for persons hired
before the start dates for the study and for workers
also exposed to particulates). There was a lack of
consistency among the various plants for risk of lung
cancer, with six plants having elevated SMRs and four
plants having deficits. Mortality from lung cancer was
more strongly associated with exposure to other
substances including phenol, melamine, urea, and wood
dust than with exposure to formaldehyde. Workers
_exposed to formaldehyde without exposure to these
substances did not experience an elevated mortality
from lung cancer. The risk did not increase with
cunulative levels of formaldehyde among those exposed
to other substances and there was a slightly negative
trend for those exposed to formaldehyde alone.
Although some role for formaldehyde, particularly in
association with other substances, in the excess of
lung cancer seen among these workers cannot be ruled
out, these findings suggest that exposure to phenol,
melamine, urea, wood dust or other exposures also
occurring in the area where these substances were used
(i.e., production of resins and molding compounds) may
play a more primary role.

Id. at 683. Specific findings of the study include the
following:¥
Among the exposed, ngl&n_zJﬂﬂuLle;ﬁsa__zggg
t wit e e lev for any measure of

exposure and there were no statistjcally 51gn1f1cant
trends (jd. at 687).

“pmphasis is added in the following quotations.
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, which included workers employed after the
initial start date of person-year accumulation at each
plant (new hires), which included persons also exposed
to formaldehyde in solution, or which lagged exposures
by 5, 10, 20, or 30 years (id.).

The risk of lung cancer did not increase with duration
of exposure to particulates alone for anv latency
: : : . v o
« « « « None of these analyses
revealed an exposure~response gradient (id.).

Because cumulative exposure combines persons with heavy

exposure for short durations with those having lower

exposure for longer durations, we evaluated the

independent effects of intensity and duratjon of

exposure to formaldehyde on lung cancer mortality. No
oi . . withi

r ‘ : within i :

cateqgories (id.).

A strength of multi-plant studies is the opportunity to

evaluate the consistency of effects among different

plants. . . .

four plants had SMRs of 1.0 or less. . _. . [Tlhe

overall risk of lung cancer by plant did not appear to

A4
the plant (id. at 688).

Evaluation of lung cancer mortality among further
subdivisions of the highest latency and cumulative
exposure categories showed i i i
exposure-responge pattern (id. at 689).

Short-term and long-term workers may encounter
different exposures in the workplace, may have
different sensitivities to exposure, or may have
different lifestyle factors which could influence their
risk of cancer. To address this issue, we evaluated
the risk of lung cancer by cumulative exposure,
latency, and number of years employed in the plants
(Table VI). . . . Among wage workers the lung cancer
et Wels L -1"- 2_epploveq < = MR =

1.3) than among those emploved for wmore than 1l vear
(SMR = 1.1) for the total cohort, but the two groups
were similar 20 or more years after first exposure
(SMRs = 1.4 and 1.3, respectively). I The excess

11
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W anc
risks. Excess mortality form arterjosclerotic heart
i e s i dj tive
[«] - W .

Txcesses for such diverse diseases suggest that
iifestyle factors are a more likely explanation than
formaldehyde (id. at 689, 635).

Excesses are particularly striking among workers from
areas producing formaldehyde resin and molding :
compounds where, in addition to formaldehyde, exposure
to phenol, urea, melamine, wood dust, and other
substances may have occurred. . . . The assocjation
between lung cancer and exposure to phenol, melamine,
urea, and wood dust and other substances suqggests that

s ces mj (o} ome a
excess observed . . . (id. at 697).

Blair evaluated the possibility that worker

misclassification could explain the finding of no lung-cancer

dose response. The report determined that six characteristics of

the formaldehyde data argue against that possibility:

(1)
(2)
(3)
(4)
(5)

(6)

analysis by different exposure measures provided the
same result;

the greater lung cancer risks occurred in persons
entering the cohort or dying in recent years, even
after controlling for latency, even though exposure
levels have been lower in recent years;

there is no pattern between lung cancer risk and
duration of exposure, although such pattern often is
found for actual carcinogens;

lung cancer risk did not decline with increased
latency, as would be expected if formaldehyde acted at
a late stage in the carcinogenic process;

there was no exposure-response relationship where the
analyses included only the exposure data in which
industrial hygienists had the most confidence; and

there was "a sharp, but non-significant, exposure-
response gradient between cancer of the nasopharynx and
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cunulative exposure to formaldehyde among persons also

exposed to particulates," so one would expect to see a

similar result of formaldehyde actually were assoclated

with lung cancer.
Id. at 695-96,

Accordingly, Blair concluded that "[fjurther analyses
in the present report did not uncover any clear exposure-response
gradients between lung cancer mortality and various estimates of
exposure to formaldehyde." Id. at 693.

' Secdnd, Dr. Gary Marsh of the ﬁniversity of Pittsburgh
has performed a reanalysis of the NCI cohort data.* The
reanalysis corrected several flaws in the Sterling work,
including failure to properly'classify éxposures and failure to
statisticallf evaluate trends in the results relative to the
different measures of exposure. |

Marsh first compared its data set, which was in
"excellent agreement® with the Blair data, and the data set used
by Sterling and Weinkam. Marsh found that Sterling and Weinkam
apparently made several‘qéhdrtndata.ﬁdnagement decisions which
were not typical of current epidemiological practice, including
(1) exclusion of deaths with no death certificates, (2) exclusion
of deaths with unknown vital stafistidéf'(z) inclusion of unknown

job types with'houfly workers, and (4) for purpoéés'df the

“Marsh, et al., "A Reanalysis of the National Cancer Institute
Study on Mortality Among Industrial Workers Exposed to
Formaldehyde®™ (Mar. 1990), Ex. 15.
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observed death data, inclusion of unknown race with the non-white
cohort. However, even after taking these data management
decisions into account, Marsh found that Sterling and Weinkam
apparently made a significant counting error in computing person
years at risk. Marsh Report at pages 8-9.

Marsh then reanalyzed the data to correct several flaws
in Sterling and Weinkam’s analysis, including failure to properly
classify exposures and failure to statistically evaluate trends
in the results relative to different measures of exposure. Marsh
stated:

We did not confirm Sterling and Weinkam’s finding of an

increased risk for lung cancer mortality as a function

of cumulative formaldehyde exposure, adjusting for
length of exposure. Lack of adjustment for length of

exposure did not mask a positive association . . . .

We found no evidence of a positive trend with

cumilative exposure in the models we considered . . . .

There was no evidence of confounding by calendar time.

. . . Latency was the only statistically significant

exposure measure among those we considered (cumulative

exposure, average exposure, length of exposure,
exposure with particulates, exposure without
particulates, and latency).
Id. at 21. Marsh concluded that "[u]nlike Sterling and Weinkam,
none of our estimates [relating to cumulative formaldehyde
exposure] were statistically significantly elevated and the trend
with cumulative exposure was not statistically significant." JId.
at 22.

The Acheson‘study found no significant increase in

mortality from lung cancer at any of six factories studied when

each was compared with the local lung cancer rate. One plant
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showed an excess when compared to the national rate, but not when
comparéd with the local rate. Moreover, Acheson further analyzed
lung cancer mortality for the workers at that plant by examining
the levels and duration of exposure to formaldehyde, but found no
‘relationship between cumulative dose of férmaldehyde and lung
cancer.

Accordingly, there is no basis to predict a cancer risk
to humans based on the epidemiology studies. EPA concluded that
»apparent elevations in lung cancer risk were not statistically
significant" and that "[n]o statistically significant exposure-
response trends were observed.® EPA 1990 Risk Assessment, Ex. 2,
at 46. The Draft Document‘s discussion of a risk estimate
derived from the lung studies should be deleted.

4. Remote Site Cancers

Contrary to the Draft Document, there is no evidence
that distant site tumors are related to formaldehyde. Although
individual epidemiﬁlogy studies indicate sporadic excesses of
cancer in organs other than the respiratory system, no consistent
excesses have been observed and such random excesses would be
expected by chance alone.* There were no remote site tumors in
the CIIT inhalation study. See CIIT Activities (April 1989).
Because formaldehyde is rapidly metabolized, formaldehyde could

not plausibly have an effect other than at its point of initial

“pyen if a substance had no effect, by chance alone 50 percent
of sites would show an excess and five percent of sites would show
a statistically significant excess.
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contact.¥ OSHA concluded that "the failure to find distant-site
tumors in the CIIT animals . . . suggests there is no such
effect.” 52 Fed. Reg. at 46222. OSHA further stated:

Some scientists have viewed the brain as a biologically
implausible site of action for formaldehyde. The basis
for this point of view is threefold. First,
formaldehyde is an extremely active chemical that
causes cancer in animals at its immediate site of
tissue contact. Second, metabolism studies show that
free formaldehyde, once taken into the bloodstream,
reacts virtually immediately with endogenous
substances. Third, metabolites, once formed, that
become part of the normal l-carbon pool are nontoxic.

52 Fed. Reg. at 46198. OSHA cited the expert review by the NCTR
Consensus Workshop, which concluded:
In individual studies, attention has been drawn to
small excesses of death from cancer of the prostate,
skin (including melanoma), kidney, bladder, and of the
digestive system. . . . In none of these sites, with
the possible exception of prostate cancer, do the
figures approach statistical significance in either
professionals or industrial workers. There is at
present scant evidence of an association between
exposure and cancer of any of these sites.
NCTR Report at 339.
a. in_Cancer a
The NCTR Workshop Panel noted that studies of
professional groups who preserve human tissues with solutions
containing various chemicals, including formaldehyde, have shown
very slight increased risk of brain cancers and leukemia. As the

NCTR Workshop concluded, however, due to its rapid metabolism, it

YSee, e.g., NCTR Report at 347, Heck, et al., Starr, et al. at
28 (the data "strongly suggest that the toxicity induced by
inhalation of HCHO gas is confined to tissues at the initial site
of contact").
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is biologically implausible that formaldehyde causes remote site
cancer.® The 1990 EPA Risk Assessment stated that "{t]he
excesses in leukemia and brain cancer observéd in those studies
of populations occupationally expﬁsed to formalin are most likely
related to exposures other than formaldehyde." Ex. 2 at 53.

There is a "substantial deficit" of brain cancer among
industrial workers exposed to formaldehyde, according to the NCTR
Epidemiology Panel, and the deficit "provides evidence against a
close association" with formaldehyde. A significant excess
(1f77) observed among professional groups may result from
diagnostic bias or other sociai class factors.* Socio-economic
status or close association with the medical profession may
account for the more frequent diagnosis of brain cancer and
leukemia among the pathologists, anatomists and embalmers.

Since these sporadic excesses have only been observed
in professionals who handle human tissue, they also may be
related to a number of other causal factors, such as contact with
other chemicals, excreta, human tissue, bacteria, or viruses.

Dr. Mortimer, a member of the NCTR Epidemiology Panel, has told
EPA that, "it may turn out that this tumor excess represents an

ascertainment artifact, or, if real, may be a consequence of

“NCTR Report at 347.

©®gee R. Levine, Letter to the Editor, Envt’l Health Persp.
62:465 (1985), Ex. 16..
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exposure to certain slow v‘iruses."so

There are no experimental data linking formaldehyde to
brain cancer or leukemjia in animals. The NCI and Stayner
epidemiologic studies are reassuring with respect to lack of
brain cancer risk. The NCI study has an observed-to-expected
ratio of 0.81, and the Stayner study has an observed-to-expected
ratio of 0.71.

b.  Skin cancer

Walrath reported an elevation of skin cancer among
embalmers but did not attribute it to formaldehyde. The
elevation was statistically significant only if two different
kinds of cancer were combined. Such combination is improper
because the two have different histopathologic origins. Walrath
peinted out that eﬁbalmers are exposed to many other chemicals.
Other studies of formaldehyde workers -~ including the subseguent
Ontario morticians study by Levine -- found no excess of skin
cancer. |

CPSC notes that, although Walrath observed an increase
in skin cancer incidence:

This finding, however, must be tempered by the facts

that an increase in skin cancer incidence has not been

observed in any other such study, that the study used

proportionate mortality ratio and not standardized

mortality ratio (which can lead to greater _

uncertainty), that the significance of the result with

respect to a specific type and location of skin cancer
cannot be determined from the data provi@ed, and that

Y1etter from Edward A. Mortimer, Jr., M.D., to TSCA Public
Information Office, EPA (Dec. 14, 1983).
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embalming fluids contain a mixture of other chemicals

which makes it difficult to determine the causative

agent .’

D. i ) e No i | es s

The Draft Document suggests that the benign tumors
found in the CIIT study are a meaningful response. Extensive
evidence shows that benign tumors are not indicators of risk for
formaldehyde because: (1) the benign tumors observed —-
polyploid adenomas -- were of an entirely different cell type
than squamous cell carcinomas whose benign counterpart is
papillomas; (2) such tumors did not progress to squamous cell
carcinomas, which are the cancers observed in rats after exposure
to extremely high levels of formaldehyde; and (3) the incidence
of benign tumors is not statistically significant and lacks any
dose-response relationship. The NCTR Report stated:

The panel recommends that this group of lesions not be

combined with sgquamous cell carcinomas for risk

estimation because of the differences in cell type of
origin.

Sicohn, "Dermal Applicationr of Formaldehyde and
carcinogenesis," Tab A in CPSC, Status Report on the Formaldehyde
in Textiles Portion of Dyes and Finishes Project, Ex. 17, at 5,
7-8.

Animal data also indicate a lack of cancer risk from dermal
exposure. Mouse studies applying formaldehyde solutions to the

skin show neither initiation nor promotion of cancer. See
Spangler, et al,; Krivanek, et al., in Formaldehyde Toxjcology,
i i _Mechani . A joint study commissioned by CPSC and

the Department of Agriculture finds that where formaldehyde is
exposed to the skin of rabbits (whose skin is more permeable than
human skin), formaldehyde will be retained in the skin with little
distribution to other tissues, organs, or excreta. Robbins &
Norred, "Bioavailability in Rabbits of Formaldehyde from  Durable
Press Textiles," in cPSC, supra, in Ex. 17.
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NCTR Report at 342. OSHA similarly chose not to rely on benign
tumor data in its risk assessment because there does not appear
to be any biological justification for combining data
representing these benign tumors of two distinct cell types. 52
Fed. Reg. at 46219.

E. Well-Conducted Studies Do Not Show Evidence
X . ity Via the oral R :

Contrary to'the discussion in the Draft Document, the
well-conducted studies regarding the effects of ingested
formaldehyde indicates that there are no such effects, even at
high exposure levels.

A 1968 study by Della Porta administered
hexamethylenetetramine ("HMI"), which decomposes to release
formaldehyde in acidic conditions, to rats and mice.in drinking
water.5? No carcinogenic activity was observed.

A recent, state-of-the-art formaldehyde ingestion study

by Til, et al., observed nontumorzgenlc effects (cellular
1rr1tat10n).” However, under the study conditions formaldehyde
was pot tumeorigenic, even at the maximum tolerated dose.

The Til study ran for 104 weeks, and included interim
sacrifices and extensive histopathology. Exposures were s mg/kqg,

25 mg/kg, and 125 mg/kg. Seventy animals of each sex were

S)yMT is commonly prescribed as a prescrlptlon drug for bladder
infections, at a dose of approximately 4 grams per day.

spil, et al,, “"Two-Year Drinking Water Study of Formaldehyde
in Rats,"™ 27 Food Chem. ToX. (1989); Feron, et al., abstract
published at Toxicologist 8:1 (Feb. 1988).
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included in each group. Based on the formaldehyde content and
water consumption, which was measured, the highest dose was
equivalent to approximately 2000 ppm formaldehyde.

No tumors were observed, even at the highest dose
level. Kidney necrosis was observed only at the high dose and
was thought to be related to a 40 percent decrease in water
consumption. Also at the higher doses, some necrosis and
hyperplasia was observed at the site of direct contact, the fore
and the glandular stomach. The 25 mg/kg dose was a no observed
effects level for any toxic response. The overall conclusion of
the study was that, even at the maximum tolerated dose,
formaldehyde is non-carcinogenic via the oral route.

These results are of particular significance because
they do not cbnfirm the tumorigenic response noted in an earlier
Japanese report by Takahashi, et al.* The Takahashi study
exposed rats to formaldehyde by way of drinking water containing'
0.5% formalin. The authors are unsure what percentage of
formaldehyde was present in the formalin, but believe that it
contained 37% formaldehyde and 15% methanol. The water thus
contained roughly 1850 ppm formaldehyde and 750 ppm methanol.
The authors did not measure how much water was consumed by the

animals, and it is therefore impossible to provide dosage data in

Unprfects of Ethanol, Potassium Metabisulfite, Formaldehyde
and Hydrogen Peroxide on Gastric Carcinogenesis in Rats After
Initiation with N-Methyl-N’-Nitro-N-Nitrosoguanidine," Japan J.
Cancer Res, (Gann) 77: 118-24 (1986). .
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the form of mg/kg body weight. The study used a small number of
animals per group (from 10 to 30, depending on the group). The
study ran for only 32 weeks. Animals exposed to formalin alone
developed =nly benign tumors (forestomach papiliomas). The
formalin did not initiate any malignant tumors. Moreover, the
classification of the benign tumors was based on a very rigid
system; the study’s authors have subsequently questioned whether
the "forestomach papillomas" were true tumors or ridges of
hyperplasia arising from jrritation. See Letter from Dr. John
Clary to Dr. Bruce Ames, Ex. 18. 1In the promotion experiment,
adenocarcinomas were observed when formaldehyde was used as a
promoter following initiation by MNNG. However, some
adenocarcinomas were also observed in the initiated-only group.

Another recent ingestion study, which exposed rats to
io, 50, 100, S00, 1,000 and 1,500 mg/l fornaldehfde by ingestion,
reported increased leukemia at all doses above 10 mg/l and
increased gastrointestinal cancer at all test levels.® However,
this study has several weaknesses which lend uncertainty to its
conclusions: .

° The study does not indicate the substance being
ingested. Because the report mentions impurity by
methanol, it is possible that the study used formalin
.rather than formaldehyde as the test material.

° Incidence of stomach tumors -- the observation on which

the authors rely for their conclusions -- did not
differ significantly from the background rate observed

$Sgoffritti, et al., "Formaldehyde: An Experimental
Multipotential Carcinogen," 5 Jox. [Ind. iea th 699-730 (1989).
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in historical controls. An increase in the embryo
group appeared only by combining different stomach
tumor types with various gastrointestinal tumors. The
tumors did not exhibit a clear dose-response
relationship. '

° The report does not present statistical evaluation of
the data or time-to-tumor information.

®  fThe test animals were not sacrificed at designated
intervals, but rather were allowed to live until
spontaneous death, which would be expected to result in )
a higher cancer incidence rate.
° There was no analysis of clinical chemistry,
urinalysis, hematology, or non-cancer pathological
response. These gaps make interpretation of the study
results difficult.
Detailed comments on the Soffritti study are provided in Exhibit
19.

In contrast to the Soffritti and Takahashi studies, the
Til study was a state of the art study, more extensive, more
fully analyzed, more carefully monitored, and mofe definitive.

F. The Reports of Hyperplasia Are Not Indicative

The Draft Document improperly relies upon recent
Scandinavian reports® showing sguamous metaplasia and in a few
cases mild dysplasia in the nasal mucosa, in small samplings of
formaldehyde-exposed workers. For example, the most recent
report, a ﬁc;wegian case-control stﬁdy, described on the findings

of biopsies of the nasal mucosa of 37 chemical workers

%Holstrom, et al., '"Histological Changes in the Nasal Mucosa
in Persons Occupationally Exposed to Formaldehyde Alone and in
combination with Wood Dust," 107 Acta Otolarvngol. (Stockh.) 120
(1989); Boysen, et al., "Nasal Mucosa in Workers Exposed to
Formaldehyde: A Pilot Study," 47 Brit. J. Ind. Med. 116 (1990).
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occupationally exposed to formaldehyde for more than five
years.” The study found a higher degree of metaplastic
alterations of the nasal mucosa and three cases of epithelial
dysplasia in the exposed group. Based on these findings, the
study concluded:

These results indicate that formaldehyde may be
potentially carcinogenic to man. Combination of this -
finding with the inconclusive epidemiological studies
suggests that formaldehyde is a weak carcinogen and
that occupational exposure to formaldehyde alone is
insufficient to induce nasal cancer.

However, a review of the study, as well as the earlier study by
Holstrom, indicates that there is little'supportleven for this
carefully~conditioned conclusion:

° There is no statistically significant correlation
between the observations and degree and duration of
formaldehyde exposure.

° Alterations of the nasal mucosa have many possible
causes, including smoking and passive smoking. There
was insufficient examination of the confounders.

o The control group was too small to be representative of
the population as a whole.

o There is insufficient characterization of the
formaldehyde exposure levels.

° These results are inconsistent with other studies of
the nasal mucosa of formaldehyde-exposed workers.
Berke, et al,, 29 J. Occup, Med. 681 (1987) (finding no
associated of abnormal cytology and formaldehyde
exposure when controlling for age).

See Comments by Dr. Petri, Ex. 20.

“Boysen, et al.

54
000087



III. THE DRAFT DOCUMENT PROPERLY RECOGNIZES THAT FORMALDEHYDE

The Institute supports the Draft Document's-statements
that formaldehyde does not appear to be a reproductive hazard.
The Consensus Workshop concluded that the evidence doesAnot
implicate formaldehyde as a reproductive hazard:

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

NCTR Report at 349. See also Enders, "Analyzing Formaldehyde’s
Effect on Reproduction,” Contemporary Ob/Gyn, Feb. 1987. EPA
states flatly that "[n]o data have been found linking HCHO to

teratogenic effects in humans.® Having reviewed studies by

SSppA 1987 Risk Assessment at 5-26. Another review of the
literature on teratogenxcxty by CPSC’s Andrew Ulsamer similarly
states: ,

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

Ulsamer, et al.,, "Overview of Health Effects of Formaldehyde,"” in
sSsess t of Chemicals and e ev e {Saxsena,
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Marks, et al., Martin, and others, OSHA concluded that "there is
no evidence at this time that formaldehyde demonstrates
teratogenic effects at exposure concentrations which comply with
the revised standard.® 52 Fed. Reg. at 46183. Having reviewed
studies by Olsen and Dosing, Shumiling and Hemminki, OSHA found
no evidence that formaldehyde caused an increase in spontaneous
abortions, menstrual disorders, or other reproductive hazards.
Ia. :

A classic animal teratology study has been performed by
the Formaldehyde Council of Canada. Preénant rats received
whole-body exposure to formaldehyde of 2.5 to 10 ppm, 6 hours per
day, from days 6 through 15 of gestation. No adverse treatment-
related effects (embryotoxicity, fetotoxiciﬁy, or teratogenicity)
were seen in the fetuses, though the dams in the high-dose group
showed evidence of significant maternal toxicity.¥

IV. THE DRAFT DOCUMENT’S ANALYSIS OF EXPOSURE
TO FORMALDEHYDE REOUIRES REEVALUATION .

As discussed in the cbmments of the Hardwood Plywood
Manufacturers Association and National Particleboard Association,
there are several important deficiencies in the Draft Document’s
exposure analyéis relating to current outdoor and indoor
formaldehyde levels and to time of exposure at various locations.

First, the Draft Document relies on out-of-date

ed., 1984) at 337-40.

$Martin, "A Teratology Study of Inhaled Formaldehyde in the
Rat," Reproductive Toxicoloqy 4:237 (1990).
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residential exposure data from the early 1980s. Since then,
voluntary efforts by manufacturers and promulgation of
formaldehyde emissions requirements for particleboard and
hardwood plywood by the Department of Housing and Urban
Development (in 1985) and several #tatés have resulted in
substantial reductions in formaldehyde emissions from various
products. For example, emission from the three most important
urea-formaldéhyde (UF) bonded pressed wood products
(particleboard, hardwood plywood and medium density fiberboard)
used in the interior of buildings have been reduced 75 to 90
perbent since the early 1980s. Emission levels from textile and
fabrics have also been substantially reduced. Many furniture and
cabinet manufacturers have switched to finishes that-dé'not enit
formaldehyde or havé sharply reduced formaldehyde emissions.

Second, in-home éipbéﬁres are overstated relative to
outdoor exposures. The Draft Document relies on relatively new
atmospheric data (1988-1989), while the indoor‘exéosufe estimates
are based on early-1980s data, Bothdatmqspheric (outdoor)
formaldehyde.levels and in-home levels have likely declined since
the early 1980s. deeover,'outdoor levels are high when most
people are out of the home during the daylight hours. Neither
the Sexton, et al. study nor the Rogozen, g; gl;.studjhrelied on
in the Draft Document describes homes with products wiﬁh low
formaldehyde-emitting characteristics.

Third, formaldehyde emissions from wood products in the
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home decay significantly over time. Recent data indicates that
the initial emission level from particleboard decreases by half
in one year or less. Zinn, et al., "Long-Term Study of
Formaldehyde Emission Decay from Particleboard," Forest Products
J. (June 1990). After one year, wood prodﬁct emissions further
decrease, but at a more moderate rate. Thus, UF-bonded pressed
wood buildihg materials make little or no contribution to
formaldehyde levels in the older Caiifornia housing stock (10
years or older).

For these reasons and those presented in the comments
of HPMA and NPA, the Draft Document’s exposure assessment should
be reevaluated.

CONCLUSION

The Draft Document has properly recognized that recent
mechanistic data can ugefully be incorporated into risk
assessment. However, the Draft Document does not reflect EPA’s
recently-revised risk assessment, which has been endorsed in peer
review by EPA’s expert Science Advisory Board. That reanalysis
yielded a prediction of risk 10 to 100 times lower than that
presented in the Drﬁft Document. Further, incorporation of other
recent data regaréing cell proliferation would reduce the
prediction of risk by over one additional order of magnitude.

EPA is in the final.stages of its process to issue the
revised risk assessment in final form. A brief delay would

enable California to reflect the expert analysis by EPA and its
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outside reviewers and would avoid the uncertainty that would be
raised by inconsistent approaches to risk assessment. .

In several other respects, the text of the Draft
Document does not reflect a balanced appraisal of the health
effects evidence regarding formaldehyde. Revision of the risk
assessment and of the text would provide a sound scientific basis
for a decision whether to list formaldehyde as a toxic air
contaminant.
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COMMENTS ON
THE CALIFORNIA AIR RESOURCES BOARD
PROPOSED IDENTIFICATION OF FORMALDEHYDE
AS A TOXIC AIR CONTAMINANT

1. Intreduction

 Inits preliminary draft report dated February 1991, the California Air Resources
Board (CARB) has proposed that formaldehyde be identified as a roxic air contaminant.
CARB based this proposal in part on the California Department of Health Services’
(DHS) "best value of potency for unit risk” associated with airborne formaldehyde
exposure, namely, 29 x 10° ppbv” (i.c., 0.029, or nearly 3%, per ppm). Employing a
population-weighted outdoor exposure estimate of 4.4 ppbv (0.0044 ppm), the DHS stafl
has estimated that 70-year lifetime exposure to this ambient outdoor leve] would produce
approximately 2,100 excess cancer cascs in the states’ 30 million people. In-home
exposure in conventional housing, where the average formaldehyde concentration was
estimated 10 be 50 ppbv (0.05 ppm), is projected to cause another 19,800 cancer cases.
Similar exposure in mobile homes, where the average formaldehyde concentration was
estimated to be 75 ppbv (0.075 ppm), is estimated to produce still another 1,000 cancer
cases. Thus, excluding occupational exposure, CARB and DHS have determined that
22,900 extra cases of cancer in the state of California’s population of 30 million people
will arise if their current exposures to formaldehyde in outdoor and in-home air were to
continue for an average lifctime of 70 years. If it were an accurate estimate, this number
of extra cancer cases, nearly one casc per thousand individuals, would, be alarmingly
large. I

However, the best presently available scientific evidence provides & compelling

basis for concluding that CARB and DHS have overstated the potential human cancer
risks from formaldchyde exposure by a very substantial margin. lndecd, if only one
component of this evidence, numely, the extent of formaldehyde-induced DNA-protcin
crosslinking, is fully and properly taken into accbum, then CARB’s upper bound estimate
of human cancer potency should be reduced by a factor of approximately 54-fold.
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CARB's exaggeration of formaldehyde’s cancer potency ariscs from the demonstrably
invalid procedure they employed in extrapolating cancer risk between species,

CARB also assumed that different temporal cxposurc patterns corresponding 10 &
given continuous lifetime exposure all yield the same cancer risk. Because this
assumption stands in direct contradiction to the acknowledged amplifying effects of
increased cell replication on the carcinogenic process at high, but not low, formaldchyde
concentrations, it introduces additional conservative bias into CARB’s upper bound
estimates of human cancer risk, further exaggerating their risk estimates at low exposure
levels by u factor of appmx.imatély 20-fold. Taken together, CARDB’s failure to fully and
properly account for the DNA protein crosslink and cell proliferation data that is
currently availuble imply un overestimation of human cancer risk from formaildehyde
exposure by as much as 1,000-fold! These and other flaws in the CARB and DHS
formaldehyde health assessment are discussed below in greater detail.

2. DNA-Protein Crosslinki
The DHS cancer potency factor of 29 x 10 ppbv’' was derived from an 'analysis of

nasal cancer incidence among rats exposed for up o two years to 0, 2, 5.6, or 14.3 ppm

formaldehyde vapor for six hours per day, five days per week (Kerns et al., 1983).

CARB and DHS employed a pharmacokinetic model of DNA-protein crosslink (DPX)

formation nearly identica! to one originally developed by Casanova et al. (1989) to

describe the nonlinear dependence of DPX formation in the rat nasal mucosa upon

airborne formaldehyde concentration. The predicted levels of DPX were then multiplied -

by two scaling factors, 1.2 ppm/(pmol/mg-hr) and 30 hr/wk /(168 hr/wk) to express the
DPX levels in ppm units of "lifetime equivalent metabolic exposure.” For example, 15.0 -
pmol/mg is the DPX level predicted to result from exposure of rats for 6 hours to 2 ppm
formaldehyde, and also from 24 hour (i.c,, continuous) exposure to 0.54 ppm. CARB
then us_ed the GLOBALSG6 computer program to fit the multistage model to the rat
bioassay data with this scalcd DPX level as the independent variable. In other words, as
CARB has stated, the predicted DPX level “is used as a measure of dosc rate of

" formaldchyde at the target tissue.”

The DHS model provides a reasonably accurate description of the relationship
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bewween DPX and airborne formaldehyde concentration, but it also consistently
overpredicts the DPX levels obscrved in rats exposed to Jow concentrations. For
example, after 6 hours exposure to 0.3 ppm, while 1.4 pmol/mg DNA was actually
measured by Casanova et al. (1989), CARB's equation (1), with the parameter values
given in Table 1, predicts a DPX value of 1.59 pmol/mg DNA, about 14% higher than
the observed value. Such overpredictions are expected to occur at all of the
comparatively low airborne concentrations of concern to CARB and DHS, namely, 0.075
ppm and lower. This convervative bias in DPX prediction at low airborne formaldchyde
concentrations should be corrected, even though it is quite small when compared to the
overpredictions resulting from CARB's flawed interspecies extrapolation procedures and
its failure to adequately account for formaldehyde’s effects on cell replication in target

tissues.

3.  lnterspegies Extrapolation

Appendix A of the draft health assessment document describes the approaches
CARB employed in extrapolating to human cancer risks from the corresponding
predicted rat risks. The first, denoted as the default approach, has apparently been
cmployed in other cases "in the absence of decisive empirical evidence” for some other
scaling procedure. 1t is predicated on the assumption that "equal rates of intake of
carcinogen per species body-surface area imply equal risks" in different specics. After
adjusting for the less efficient absorption of the human respiratory tract (CARB asserts
human absorption to be about 76% that of rats, but the supporting citations, Raabe
(1988) and Dallas (1985), do not appear in the references), and accounting for
respiratory minute volume und body-surface area differences between these species,
CARB concluded that rats and humans would receive the same formaldehyde dose
(intake rate per body-surface area) and hence experience the same cancer risk if the rats
were exposed to airborne concentrations 1.2 times higher than humans. This default
scaling approach further implies that for a given airborne concentration, humans would
experience about a 20% greater formaldehyde intake rate per body-surface area than
rats and hence a 20% greater lifetime cancer risk.

CARB's second approach, termed the conlaci approach, purports to take into
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account "the contact mechanism of carcinogenesis, in which the average concentration in
the respiratory surface layer provides the measure of dose to characterize risk.” The
resulting calculations lead to & scaling factor of 5.0. In other words, with this contact
' scaling assumptian, CARB has concluded that rats and humans would receive the same
" formaldehyde dose at the target tissues in the respiratory tract if the rats were exposed
to airborne concentrations five times higher than humans. This contact scaling approach
thus also implies that for a given airborne concentration, humans would experience about
a 5-fold greater formaldehyde dose at the target tissues and hence 5-fold greater lifetime
cancer risk.

1t is readily demonstrated that both of these scaling assumptions are totally at
- variance with what is known regarding the molecular dosimetry of airborne formaldehyde
in rodents and primutes. CARDB's health assessment document notes the fact that Heck
ct al. (1989) have measured formaldehyde-induced DPX in the nasal mucosa of Rhesus
monkeys (Macaca mulatta)., These observations arc ideally suited for direct interspecics
comparison with previously reported measurements of DPX in the nasal mucosa of rats
(Casanova ct al. 1989). Indeed, it is possible to check whether the measured DPX levels
in monkeys are consistent with what would be predicted by either of the two interspecies
scaling assumptions considered by CARB.

The Rhesus monkeys employed by Heck et al. (1989) weighed approximately 7 kg,
i.c., 1/10 the 70 kg human body weight employed by CARB, Assuming that the monkey
respiratory tract absorption efficiency is comparable to that of the human (namely, 76%
that of the rat), the default scaling factor for monkeys is readily calculated:

(ag/8 ) (W, /W% = (0.76)(7.0/025)"® = (0.76)(1.31) = 0.99.
Thus, the default scaling proccdufe predicts that monkeys and rats should receive
practically identical target site doses when both are exposed 1o the same airborne
formaldehyde concentration. |

‘T'he conlact scaling factor that CARB would employ for the Rhesus monkey is
also readily calculated:

(a,/2, (W / W) = (0.76)(7.0/0.25)°% = (0.76)(3.04) = 231.
‘Thus, the contact scaling procedure predicts that rats and monkeys would receive the
same formaldehyde dose at the target tissues in the respiratory tract if the rats were
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exposed 1o airborne concentrations 2.31 times higher than monkeys. This approach thus
also predicts that at a given airborne concentration, monkeys would experience about a
2.3-fold greater formaldehyde dose at the target tissues and hence a 2.3-fold greater
lifetime cancer risk than rats.

The measured values of DPX in monkey respiratory mucosa reported by Heck et
al. (1989) arc totally inconsistent with these predictions. Indeed, at the lowest airborne
formaldehyde concentration (0.7 ppm) for which DFX measurements were made in both
rats and monkeys, the rat DPX value following 6 hours of exposure was 3.9 pmol/mg
DNA, while the corresponding monkey DPX value was 0.36 pmol/mg DNA, i.c., 10.8-
fold Jower. Thus, when CARB's default scaling procedure is applied where DPX
measurements exist for comparison, it gverpredicts the observed DPX in monkeys by
about a 10.7-fold factor. It should be noted that this defaylt scaling proéedure also
predicts that DPX in humans under these conditions should be (1.2){(3.9 pmol/mg DNA)
= 4.7 pmol/mg DNA, i.e., upproximatcly 13-fold greater than was observed in the
monkeys. ' _ ' ,
CARB's contact scaling procedure also gyerpredicts DPX in monkeys, but the
extent of overprediction is even grealér, namely, by (3.9)(2.3)/0.36 = 24.9-fold. DPX in
humans under these conditions arc predicted to be (5.0)(3.9 pmol/mg DNA) = 195
pmol/mg DNA, i.e., approximately s54-fold greater than was observed in monkeys. The
associated human cancer risks that CARB has cstimated are thus clearly oversiated by

these very same substantial factors. -
| The findings of Heck et al. (1989) are described in considerable detail on pp. 2-8
and 2-9 of thc CARB draft document. In particular, CARB noted that the "monkeys had
much lower (up to 10-fold) concentrations of crosslinks in the nasal turbinates and

anterior nose than did rats at 2 given formaldehyde concentration.” However, the utility

of these data was characterized as limited "because it is not known how susceptible
monkeys are 10 formaldehyde-induced carcinogenesis.” Despite this objection, the
monkey DPX data can and should be used to estimate human cancer risk, as has been
demonstrated and recommended by Starr (1990) and, subsequently, by EPA in the recent
draft revision (EPA, 1990) of its 1987 formaldehyde health assessment document. 1t
should also be noted that in Oclober 1990, EPA’s Science Advisory Board concurred
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with this recornmendation.
At the present time, the Rhesus monkey provides the best available animal model

for DPX formation in humsns exposed to formaldchyde. Heck et al. (1989), Starr (1989,
1990), EPA (1'."), and CARB have all noted that the monkey is far closer to the
human than the ra? in terms of its respiratory anatomy, physiology, and breathing

patterns. Until direct measurements of DPX in humans are available, the most plausibie

and scientifically defensible assumption is that humans develop DPX following
formaldehyde exposure to the same extent as do monkeys. CARB must not casually
dismiss these data, as they provide the best available scientific information relevant to
estimating & hurnan cancer potency factor for formaldchydc.'
4.  Lxposure Patterns, Cell Replicatiop, and Other Concerns

As noted in the introduction, in making its extrapolations 10 lifctime continuous
exposure conditions, CARB has assumed that 24 hr/day, i.c., continuous, exposure to a
given formaldehyde concentration pose the same cancer risk as 6 hr/day exposure to a
four times higher concentration. This assumption has been made in the past by other
regulatory agencies, including CPSC, OSHA, and EPA. However in BPA’s most recent
draft formaldeliyde assessment update (EPA 1990), the Agency noted that such an
assumption did not properly take account of the fact that formaldehyde-induced
cylotoxicity and attendant cell proliferation make high-concentration intermittent
exposure patterns inherently more risky than their lifetime continuous exposure
equivalent, Since cell proliferation is known to be increased by as much as 20-fold
relative to background replication rates at high formaldchyde concentrations, it is clear
-that CARB's assumption of equivalence may actually overstate the risk associated with
low continuous lifetime exposure conditions by a corresponding factor of the same
magnitude. '

New data have already been collected at CIIT regarding cell proliferation rates in
the rat during the course of chronic formaldehyde exposure. These data can ‘and shouvld
~ be utilized directly in CARB's risk assessment process. They can be employed to
estimate the parameters of carcinogenesis models that accommodate cell proliferation
information, such as the two-stage growth model proposed by Moolgavkar and his co-
workers. In this way, CARB can reduce the bias introduced into its human cancer risk
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estimates that arlse from iis use of an incorrect and inappropriate dose-response model.

There are a number of factual inaccuracies in the CARB draft health assessment
document that should be corrected. For example, when the Blair et al. (1986)
epidemiology study is discussed on p 2-19, it is stated that Blair et al. "observed
significantly elevated relative risks of mortality both for lung cancer (relative risk for
hourly workers who had the substantial formaldehyde exposure, was 1.35) and for
nasopharyngeal cancer (relative risk for wage earners was 2.0)." This statement gives the
distinet impression that the study was convincingly positive.

Yet the authors themselves stated that "Workers exposed to formaldehyde had
slight excesses for Hodgkin's diseusc and cancers of the Jung and prostate, but these
excesses were not consistently related to average, cumulative, or pcak formaidehyde
exposure levels." In addition, they stated that "Although there was a deficit for cancer of
the buccal cavity and pharynx, mortality from certain subsites, i.e., the nasopharynx, and
oropharynx, was elevated, These subsites did not, however, show a consistently rising
risk with level of exposure.” In conclusion, Blair et al,, wrote These data provide little
evidence that mortality from cancer is associated with formaldchyde exposure at levels
experienced by workers in this study.”

These statements lead me to conclude that the resnlts of the Blair et al. study
would be equally if not perhaps more consisient with the hypothesis that no extra cancer
tisk was attributable to the workers' formaldchyde exposure. This certainly appears o
be the conclusion of the study authors. It is also the conclusion of the blue ribbon
epidemiology panel (UAREP 1988) after review of all of the existing epidemiology
studies of formaldchyde-exposed workers: "1) for no malignancy in man is there
convincing evidence of a relationship with formaldehyde exposure and 2) furthermore,
that if a rclationship does exist, the excess risk, in absolute terms, must be small.”

In its discussion of Starr (1989, 1990), CARB asserts that "Starr used tumor .
incidenee data which did not subtract out early morielity in the denominator and did not
account for interim sacrifice in the numerator.” This is not correct. The tumor
incidence data employed by Starr (1989, 1990) was the same as that employed by Starr
| and Buck (1984). All interim-sacrificed animals were excluded from both the numerators
and denominators, so as 1o permit a direct comparison of our results with the carlier risk
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estimates that had been developed by Cohn (1981) for the Consumer Product Safety

Commission.
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THE UNIVERSITY OF NORTH CAROLINA

AT
CHAPEL HILL
The School of Medicine The Uninersity of North Carohna at Chapel Hill |
Department of Pathology CB# 7525, Brinkhous-Bullitt Building
FAX: (919) 966-6718 Chapel Hill. NC, 27599-752F
o : March 25, 1991

Genevieve Shiroma, Chief

Toxic Air Contaminant Identification Branch
Stationary Source Division

Air Resources Board

Atin: Formaldehyde

P.O. Box 2815

Sacramento, CA 95812

Dear Dr. Shiroma:

Enclosed are my comments on the Preliminary Draft Report on Formaldehyde prepared
by the staffs of the Air Resources Board and the Department of Health Services.
Unfortunately, I will not be able to attend the April 3, 1991 meeting. I would appreciate your
bringing these comments to the attention of the appropriate individuals. Thank you for your
consideration.

Sincerely,

gc-im&i/ AL ,ffmn&u,jgﬁ/

“James A. Swenberg, DVM, Ph.D.
Professor, Environmental Sciences-
and Engineering and Pathology

JAS/thb

Enclosure
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COMMENTS ON
THE CALIFORNIA AIR RESOURCES BOARD
P IPOSED IDENTIFICATION OF FORMALDEHYDE
AS A TOXIC AIR CONTAMINANT

1. Introduction

In its preliminary draft report dated February 1991, the California Air Resources
Board (CARB) has proposed that formaldehyde be identified as a toxic air contaminani.
CARB based this proposal in part on the California Department of Health Services’
(DHS) "best value of potency for unit risk” associated with airborne formaldehyde
exposure, namely, 29 x 10° ppbv? (i.e., 0.029, or nearly 3%, per ppm). Employing a
population-weighted outdoor exposure estimate of 4.4 ppbv (0.0044 ppm), the DHS staff
has estimated that 70-year lifetime exposure to this ambient outdoor level would produce
approximately 2,100 excess cancer cases in the states’ 30 million people. In-home
cxposure in conventional housing, where the average formaldehyde concentration was
estimated 10 be 50 ppbv (0.05 ppm), is projected to cause another 19,800 cancer cases.
Similar exposure in mobile homes, where the average formaldehyde concentration was
estimated to be 75 ppbv (0.075 ppm), is estimated to produce still another 1,000 cancer
cases. Thus, excluding occupational exposure, CARB and DHS have determined that
22,900 extra cases of cancer in the state of California’s population of 30 million people
will arise if their current exposures to formaldehyde in outdoor and in-home air were to
continue for an average lifotime of 70 years. If it were an accurate estimate, this number
of extra cancer ceses, nearly one case per thousand individuals, wonld, be alarmingly
large.

However, the best presently available scientific evidence provides a compclling
basis for concluding that CARB and DHS have overstated the potential human cancer
risks from formaldchyde exposure by a very substantial margin. Indeed, if only one
component of this evidence, namely, the extent of fofmaldehyde-induced DNA-protein
crosslinking, is fully and properly taken into account, then CARB's upper bound estimate
of human cancer potency should be reduced by a factor of approximately $4-fold.

0C0103
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CARB's ¢xaggeration of formaldehyde’s cancer potency ariscs from the demonstrably
invalid procedure they employed in extrapolating cancer risk between species.

CARB also assumed that different temporal cxposure patterns corresponding 10 a
given continuous lifetime exposure all yield the same cancer risk. Because this
assumption stands in dircet contradiction to the acknowledged amplifying effects of
increased cell replication on the carcinogenic process at high, but not low, formaldchyde
concentrations, it introduces additional conservative bias into CARB's upper bound
estimates of human cancer risk, further exaggerating their risk estimates at low exposure
levels by u fuctor of approximately 20-fold. Tuken together, CARD's failure to fully and
properly account for the DNA protein crosslink and cell proliferation data that is
currently available imply an overestimation of human cancer risk from formaldehyde
exposure by as much as 1,000-fold! These and other flaws in the CARB and DHS
formaldehyde health assessment are discussed below in greater detail.

2. DNA-Protein Crosslinking

The DHS cancer potency factor of 29 x 10 ppbv' was derived from an analysis of
nasal cancer incidence among rats cxposcd for up to iwo years to 0, 2, 5.6, or 143 ppm
formaldehyde vapor for six hours per day, five days per week (Kerns et al,, 1983).
CARB and DHS employed a pharmacokinetic model of DNA-protein crosslink (DFX)
formation nearly identical to one originally developed by Casanova et al. (1989) to
describe the nonlinear dependence of DPX formation in the rat nasal mucosa upon
airborne i‘ormaldehyde concentration. The predicied levels of DPX were then multiplied
by two scaling factors, 1.2 ppm/(pmol/mg-hr) and 30 hr/wk/(168 hr/wk) 1o express th
DPX levels in ppm units of "lifetime equivalent metabolic exposure.” For example, 15.0
pmol/mg is the DPX level predicted to result from exposure of rats for 6 hours to 2 ppm
formaldehyde, and also from 24 hour (i.c., eontimious) exposure to 0.54 ppm. CARB
then used the GLOBALSG6 computer program to fit the multistage model to the rat
bioassay data with this scaled DPX level as the independent variable. In other words, as
CARB has stated, the predicied DPX level is used #s a measure of ‘dosc rate of
formaldchydc at the target tissue.”

The DHS model provides a rcasonably accurate description of the relationship
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;, tween DPX and airborne formaldehyde concentration, but it also consistently

erpredicts the DPX ievels observed in rats exposed 1o Jow concentrations. For
ample, after 6 hours sxposure to 0.3 ppm, while 1.4 pmol/mg DNA was actually
:asured by Casanova <* -1, (1989), CARB's equation (1), with the parameter values
en in Table 1, predicts « JPX value of 1.59 pmol/mg DNA, about 149 higher than
+ observed value. Such overpredictions are expected 10 occur at all of the

nparatively low airborne concentrations of concern 1o CARB and DHS, namcly, 0.075

n and lower. This convervative bias in DPX prediction at low airborne formaldehyde
centrations should be corrected, even though it is quite small when compared to the

rpredictions resulting from CARB's flawed interspecies extrapolation procedures und

ailure to adequately account for formaldehyde’s effects on cell replication in target
168, |

Appendix A of the draft health assessment document describes the approaches

B employed in extrapolating to human cancer risks from the corre

sponding
icted rat risks. The fi

1st, denoted as the defaylt approach, has apparently been
loyed in other cases "in the absence cf decisive empirical evidence"

for some other
ng procedure,

It is predicated on the assumption that "equal rates of injake of
nogen per species body-surface area imply equal risks” in different species. After

ting for the less efficient absorption of the human respiratory tract (CARB asserts

i absorption to be about 76% that of rats, but the supporting citations, Raabe

) and Dallas (1985), do not appear in the references), and accounting for
‘atory minute volume and body-surface area differences between these species, -
- B concluded that rats and humans would receive the same formaldehyde dose
¢ raie per body-surface area) and hence experience the same cancer risk jf the rats
exposed to airborne concentrations 1.2 times higher than humans. This default
3 approach further implies that for a given airborne concentration, humans would

ence about a 20% greater formaldehyd: intake rate per body-surface area than
id hence a 20% greater lifetime cuncer risk, o
CAKB's second approach, termed the goplacy approach, purports to take into
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osed 1o airborne concentrations 2.31 times higher than monkeys. This approach thus
» predicts that at a given airborne concentration, monkeys would expérience about a
fold greater formaldehyde dose at the target tissues and hence a 2.3-fold greater
ime cancer risk than rats.

The measured velues of DPX in monkey respiratory mucosa reported by Heck et
1989) are totally inconsistent with these predictions, Indeed, at the lowest airborne
1aldehyde concentration (0.7 ppm) for which DPX measurements were made in both
and monkeys, the rat DPX value following 6 hours of exposure was 3.9 pmol/mg
A, while the corresponding monkey DPX value was 0.36 pmol/mg DNA, i.e., 10.8-
lower. Thus, when CARB's defanit scaling procedure is applied where DPX
surements exist for comparison, i{ gverpredicts the cbserved DPX in monkeysr by
't a 10.7-fold factor. It should be noted that this default scaling procedure also
icts that DPX in humans under these conditions should be (12)(3.9 pmol/mg DNA)
7 pmol/mg DNA, i.e., approximately 13-fold greater than was observed in the
ceys. ~

CARB's contact scaling procedure also gverpredicts DPX in monkeys, but the
1 of overprediction is even greater, namely, by (3.9)(2.3)/0.36 = 24.9-fold. DPX in
ms under these conditions are predicted to be (5.0)(3.9 pmol/mg DNA) = 19.5
/mg DNA, i.e., approximately 54-fold greater than was ohserved in monkeys. The
iated human cancer risks that CARD has estimated are thus clearly overstated by
very same substantial factors. - -

The findings of Heck et al. (1989) are described in considerable detail on pp. 2-8
-9 of thc CARB draft document. In particular, CARB noted that the "monkeys had
lower (up to 10-fold) concentrations of crosslinks in the nasal turbinates and
or nose than did rats at a given formaldehyde concentration" However, the utility
sc data was characterized as limited "because it is not known how susceptible
3ys are 1o formaldehyde-induced carcinogenesis.” Despite this objection, the
iy DPX data can and should be used to estimate human cancer risk, as has been
strated and recommended by Starr (1990) and, subsequently, by EPA in the recent
evision (EPA, 1990) of its 1987 formaldehyde health assessment document. It
also be noted that in Oclober 1990, EPA’s Science Advisory Board concurred

1000166
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estimates that arise from its use of an incorrect and inappropriate dose-response model.

There are a number of factual inaccuracies in the CARB drafi health assessment
document that should be corrected, Yor cxample, when the Blair et al. (1986)
epidemiolog; . udy is discussed on p 2-19, it is stated that Blair et al. "observed
significantly elevated relative risks of mortality both for lung cancer (relative risk for
heurly workers who had the substantial formaldehyde exposure, was 1.35) and for _
nasopharyngeal cancer (relative risk for wage earners was 2.0)." This statement gives the
distinct impression that the study was convincingly positive.

Yet the authors themselves stated that "Workers exposed 1o formaidehyde had
slight excesses for Hodgkin's disease and cancers of the Jung and prostate, but these
excesses were not consistently related to average, cumnlative, or pecak formaldehyde
exposure levels." In addition, they stated that "Although there was a deficit for cancer of
the buccal cavity and pharynx, moriality from certain subsites, i.e., the nasopharynx, and
oropharynx, was elevated, These subsites did not, however, show a consistently rising
risk with level of exposure.” In conclusion, Blair et al., wrote "These data provide little
evidence that mortality from cancer is associated with formaldchyde exposure at levels
experienced by workers in this study.”

These statements lead me to conclude that the results of the Blair et al, study
would be equally if not perhaps more consistent with the hypothesis that no extra cancer
risk was attributable to the workers’ formaldchyde exposure. This cerlainly appears to
be the conclusion of the study authors. It is also the conclusion of the blue ribbon
epidemiology panel (UAREP 1988) after review of all of the existing epidemiology
studics of formaldchyde-exposed workers: "1) for no malignancy in man is there
convineing evidence of a relationship with formaldehyde exposure and 2) furthermore,
that if a rclationship does exist, the excess risk, in absolute terms, must be small."

In its discussion of Starr (1989, 1990), CARB asserts that "Starr used tumor
incidence data which did not subtract out early mortelity in the denominator and did not
account for interim sacrifice in the numerator.,” This is not correct. The tumor
incidence dats employed by Starr (1989, 1990) was the same as that employed by Starr
and Buck (1984). All interim-sacrificed animals were excluded from both the numerators
and denominators, 5o as 1o permit a direct comparison of our results with the earlier risk
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estimates that had been developed by Cohn (1981) for the Consumer Product Safety
Commission. |
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[ have reviewed with great interest the proposed California Air Resources
Board's (CARB) preiiminary draft on identifying formaldehyde as a toxic air
contaminant. This document draws heavily on the earlier 1987 EFA document on
forma!dehyde and extends the information by adding recent publications. It does
not review the 1990 EPA update in any detail, howsvar. While | commaend the
writers of this document for Incorporating the use of DNA-protein crosslinks (DPX)
as the dose parameter, | seriously question the unit risk of 2.9 x 10"2. The EPA
1990 update used the DPX data and caiculated a unit risk of 7.0 x 1 0"4. The EPA's
unit risk used the monkey DPX data rather than a scaling factor. [ do not
understand how CARB can dismiss the monkey DPX data. The monkey data are
generated in exactly the same manner that the rat data are. Surely, it is more
accurate than some mathematical extrapolation based on body surface area. The
net rasult is that CARB proposes a risk from formaldehyde that is 41-fold higher than
that proposed by the EPA. If the objective of the CARB proposal is to present the
most scientifically accurate risk assessment, it is clear that monkey DPX data should
be the dose parameter. This change incorporates important pharmacokinetic
differences between high and low exposuras associated with saturation of
formaldehyde dehydrogenase, the primary route of formaldehyde detoxication, and
provides the best available parameter for interspecies scaling.

The major deficiency in the CARB documant is Its lack of utllization of our
present knowledge of the role being played by cell proliferation in the dose response
relationship for formaidehyde. it s now absolutely clear that cell grouferétlon is the
driving force respongible for the observable nonlinearity in tumors. Whiie this was
suggested by many of the earlier studies, the new data being generated in the
mechanistically based repeat rat bicassay conducted at ClIT ieaves no doubt as to
its importance. Some of these data are shown tn"Figure 1. The new study
examined the induction of nasal cancer and cell proliferation in rats exposed to 0,
0.7, 2, 6, 10, or 15 ppm formaldehyde 6 hours/day, & days/week. Not only did this
study confirm the shape of the concentration response, It also incorporated the very
important 10 ppm concentration. The slope of the original and the new study
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Increases from 6 to 15 ppm by a factor of 21. The new 10 ppm tumor data provide a
third point on this line demonstrating that this increase In slope is net just an
abberration .- the 15 ppm data. What is absolutely compeliing, however, is the fact

‘that the new 2 month exposure data on cell proliferation fall on exactly the same
line (Figure 1.). These new data are crucial for understanding the highly nonlinear

dose respense for nasal cancer induction in rats.
When extrapolating from high to low formaldehyde exposures it is Impe rative

that one understands that there is a series of changes that work In concert to lowsr
the risk of cancer per unit dose. By using DPX as Its measure of exposure, the

CARB has incorporated most of the pharmacokinetic factors. What it hasn’t
recognized Is that the major nonlinearity for cbservable nasal cancer occurs at
concentrations above 6 ppm and that the pharmacokinatics are saturated and
therefore linear between 6 and 15 ppm. Thus, whlie it Is clear that good science
dictates that DPX be used as the index of exposure and that this correctly
decreases the estimated tisk at concentrations below 6 ppm formaldshyde, it does
not explain the striking nonlinearity in tumors between 6 and 15 ppm. 1t is obvious
that an additional factor is involved. The new data of Monticello and Morgan
strongly points to csll proliferation as that factor.

It is well known that cell proliferation is involved in multiple steps of the
carcinogenic process. Cell proliferation elevates the likslthood of DNA binding by

tormaldehyde dus to greater amounts of single stranded DNA In replicating cells.

However, increased cell proliferation also increases the “fixation” of formaidehyde-
Induced DNA damage into mutations. This increase In mutations Is the result of
decreased time being available for DNA repair prior to DNA replication. Thus, even
though the arount of DPX between & and 15 ppm formaldehyde is proporuonate to
concentration, the probability of mutations remains highiy nonlinear due to marked
increases in cell proliferation at 10 and 15 ppm. The effect of this nonlinear increase
in call proliferation does not stop &t increasing the probability of mutation.

Cell proliteration is also required for clonal expansion of the initlated cell
population. This is a critical step in multistage carcirogenesis. Tha likelthood of
additional genetic events occurring in an initiated cell is proportional to the number
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of initiated cells. The increased cell profiferation that is associated with 10-15 ppm
formaldehyde results in ¢lonal expansion of initiated cslls, therefore increasing the
probabiliity of these necessary genetic events. Such clonal expansion was evident
In the original bioassay in lesions diagnosed as atypical hyperplasia and has been
even more carefully evaluated in the repeat studies of Monticello and Morgan.

The impact of this on the risk assessment is that the risk per unit formaidehyde
is based on tumor incidence data from 15 ppm. Incorporation of DFX as the
dosimeter oniy deals with the nonlinearities associated with pharmacokinetic factors
that occur below 6 ppm. Thus, the risk assessment only corrects for these factors
and ignores the major factor associated with high dose nonlinearity. If the CARB
document Is going to be scientifically defensible, it must be revised to incorporate
this new understanding. If the effect of increased cell profiferation was simply
multiplicative, the potential magnitude of this effect would be a factor of at ieast 20.
It It is exponential, which is the most likely scanario, it could be several orders of
magnitude. One cannot simply drop (ignore) the high dose data and revert to a two
stage model. The formaldehyde data set reprasents one of the best characterized
understandings of chemical carcinogenesis availabie today and should be used in
its fullest to pave the way toward generating more accurate and scientificaliy
defensible risk assessments in the future.

While | am not an epidemioclogist, | am fairly familiar with the studies that have
been conducted on formaldehyde. | am deeply concemed with the prasentation of
these data in the CARB document. Data are selectively used to support the
contention that formaldehyde is carcinogenic in humans. in tnrth, the collective data
are simply equivocel, ie. they are neither positive nor negative. The CARB
document predicts upper confidence limits for human lung cancer. This endpoint is
cited as being supported by the best available epidemiciogy study (Blair, 1986), vet
this is not the conciusion drawn by that study, to say nothing of the fact that the
study had no contro! for smoking. Perhaps the most compsiling argument against
formaldehyde being causal for human lung cancer comes when you examine the
CARB document’s Table C-1. An overwhelming proportion of the data demonstrate
a lower number of deaths from lung cancer than expected under the null hypothesis
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in formaldehyde-exposed populations. This lack of an effect Is further supported by
the frequent lack of exposure and duration correlations, and by inconsistencies
between 2.2 within studies. The bias shown in the CARB document citation of data
is unjustifiabik: .nd must be corracted.

- The CARB document needs to clearly state the major uncertainty associated
with projections of risk that are based on concentration x time (C x T) relationships.”
Research hés clearly demonstrated that cell proliferation (Swenberg et al, 1983;
Wilmer et al, 1987) and histopathology (Rusch et al, 1883; Wilmer e* al, 1987) are
driven by concentration, not the C x T product. The entire premise that
environmental exposures to formaldehyde pose a carcinogenic risk to humans is
based on C x T extrapolations of high dose data. To say the least, this premise is
on extremely shaky ground. While | cannot prove that there is an absolute threshold
for cancer at the low concentrations of formaldehyde encountered in the
environment, it is highly likely that the siope of any real risk Is closs to zaro. This
slope would increase greatly if humans were subjected to concentrations of 6 ppm
and higher. That, howsver, is not the case.

The CARB document on formaldehyde risk assessment states that "..an
acceptable mathematical .nodelling approach is needed to predict cancer risks at
the lower concentrations to whick humans are ordinarily exposed.” | {uily agres with
this statement. Unfortunately, the method used, ie GLOBALSE, cannat do this. |
was amazed to see Moolgavkar, 1989, given as part of the support for the use of
GLOBALSS (although the actual reference for Moolgavkar was omitied from the
references). All of Moolgavkar's publications that | am aware of in the last § years
have stressed the need to inccrporate cell proliferation data into risk assessment
modeis. This is in fact what is needed to acceptably model the formz.zehvde risk.
While the compiete data on celi proliferation have not yet been fully published, the
datz are available, ie Figyre 1., and should be used. | am conficent that an
arrangement could be worked ¢t with CUIT to gain access to these dziz in the short
time before they are published. !t makes no sense to begin new reguiations withcut
these data being incorporated into the risk assessment. While other aspects ot the
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CARB formaidehyde document will be priefly commented on below, the
incorporation of the new cell profiferation data is clearly the most importan:.

page 1-3: In view of the excellent understanding of the mechanisms associated

 with {ormaldehyde’s carcinogenicity, the use of an upper confidence iimit from

GLOBALSS estimates is clearly overkill. Likewise, the potential hazarc to human
health is extremely low at the low concentrations associated with environmental
exposure. Drawing undue attention to unlikely risks is counterproductive 10
improving human health because society falls to accapt and regulate maior causes
of cancer such as smoking.

page 1-4: The human nasal cancer data are confounded by exposure to wood
dust. The new CIIT study now provides rat data on & exposure groups.

page 1-6: The range of extrapolation is too low. The lowest statistically positive
exposure is 10 ppm. Using the data in Table 5, the average environmental
exposura to formaldehyde is about 34 ppb. This Is an extrzpolation range cf 294.

page 2-1: The reported risks predicted from epidemiology studies have aiso
been severely biased by selection. I[f you reported the predicted risks for
pathologists, it would be greatly exaggerated from what has been found.

page 2-3: The Soffritti study should not be put on the same leve! as the Til and
Tobe studies, It Is very poorly documented and inconsistent within its cwn data
sets, as well as with other studies run at higher and lower doses. Sevarai sttermpts
have been made by independent investigators to review the data. Unless some
form of peer review can be done, it should be dropped.

page 2-5: it should be clearly stated that metaplasia of nasal epitheiium is not
related to the neoplastic process. '

" page 2-10: It Is Inappropriate to even suggest that the muitistage moce. for risk
assessment s based on the biologica! stages of carcinogenesis. [t is merely the
number of "stages” that fit a mathematica! curve. There is no biology in it! fthere
was, cell proliferation data would be mandated. | .

pages 2-18, 18: There certainly are a number of uncertainties. | don't know |
how CARB calculated that humans are more sensitive than rats. The data on DPX

000114



- - . e s o
83,2481 21:%58 19 B66 6122 UNC CHAPEL HILL <nns

In rats versus monkeys clearly shows the opposite trend. CARB should resvaluate
how they are using this.

page 2-:1: The document never discusses the actual range of risk in which the
true risk may iic.

pages B-1-8: The paper by Crosby et al (Environ. Mol. Mut., 12: 155-1868,
1888) was not cited. This paper characterizes the mutational spectrum of '
formaldehyde-induced mutations. These data provide reasonable evidence that
DPX are responsible for half of the mutations, ie large deletions. Tha other haif of
the mutations occur at AT base pairs, data consistent with tormation of the very
unstable NS-hydroxymethyladenine adduct of formaidshyde. '
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Dr. P.V.L, Barrett g.ouc.i'h?
JONRKX

307 Seamist Place, Vicworia, BC, V&Y 2R4, Canada  Tek (804) 656-5183
: Fax: (604) 658-5183

< Fns...\'l.l Chem.E.F.InstE

27th Mmarch, 1991 To PAX: (916) 327-7212

Genevieve Shiroma, Chief

Toxic Ailr Contaminant 1dentification Branch
Stationary Source pivision

Air Regources Board

Attn: Formaldehyde

PO BOX 2815

SACRAMENTO, CA 95812
Dear Madam
praft Report on Pormaldehyde

Further to my daiscussions with Robert Krieger and Barbara Cook of
your office, please f£ind attached to this fax a ¢copY of my
resume, together with copies of two of the papers which I have
written on the subject of formaldehyde. Other supporting
documentativn can be provided on request.

Your draft documentation 1is in the mail to me, 890 I cannot
comment explicitly on the contents within the required timeframe.
However, the information which 1 summar ise below is of sufficient
importance in you? deiiberation of the toxicity of formaldehyde
that it merits serious consideration.

CANCER RISK

In evaluating cancer risks - it is essential toO consider the
complete path by which a given cancer is supposed to occur. For
example, laboratory tests can demonstrate 2 teratogenicity for
formaldehyde, but because of formaldehyde's normal role in body
chemistry and its ceactivity (hence short nalf-iife in Dblood)
there is NO mechanism by which the necessary high concentrations
of formaldehyade could be transporied LO a foetus, except by such
ari extreme poisoning of the mother that it would likely be fatal
ro both. Also, the 1ikely route would be by ingestion. rather
than by inhalation.

since we know that formaldehyde i3 a natural component in the
atmosphere, we can conclude that formaldehyde cannot pose 2
significant risk at natural ambient jevels. This is as a result
of natural selection processes OVer the aeons of time.
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Equally, the higher formaldehyde levels experienced by our
ancestors as a result of cooking fires in their caves, would have .
ensured that today we do have a tolerance for significant
concentrations of formaldehyde.

In the CIIT rat testsl it was demonstrated that the cancer was
induced by prolonged excessive irritation of the rats' nasal
passages. 1t was also shown that animals with a more humap-like
nasal physiclogy did not suffer the same elevated cancer risk as
the rats at 15 ppm. One can therefore conclude that if people
cannot smell or be irritated by formaldehyde, then the risk of
formaldehyde induced cancer is effectively zero.

In my opinion, at levels below 1 ppm, the irritation is sSo minoz
in the cancer torming sense that at levels below 1 ppm, cancer
risk ip not an issue.

Despite a considerable amount of work, 1 am not aware of any
study which has unambiguously demonstrated a sensitivity by any
person to furmaldehyde vapour alone.

IRRITATION RISK and OTHER HEALTH EFPECTS

in commenting on this aspect it is important to emphasise my
background and specific experience and responsibility regarding
formaldehyde. In 1981, when 1 left Cape Insulation Services Ltd,
as Technical Director 1 was ultimately responsible for the
technical pertormance of over 300,000 buildings insulated with
urea formaldehyde foam (UFFij. The earliest buildings were
insulated in 1959 by Thermalon, which was taken over by ICI
Insulation Services in 1973, which in turn was taken over by Cape
Insulation Services Ltd in 1977. I was Chairman of the Britigh
Standards Committee which drew up the Specification, BS 56174,
the Code of Practice, BS 5618%, in 1978, and the British
Standards Institution (BSI) supervised Quality Assurance
Scheme4 inaugurated in 1979. UFrIl continues tv be installed in
tne UK under the UK Building Regulations, and to date over 2
million buildings have been successfully insulated. '

EverettS has shown that indour formaldehyde concentrations
typically rise toc a peak of around 0.3 ppm about two weeks after
installation, which decays, with a half-1ife of 60 to 100 days,
to around 0.1 ppm after a year. 1n one frame building he found a
maximum of 1.6 ppm. Yrom other work, peak concentrations of 0.5
to U./> ppm were not uncommon. Underc the BSI scheme a card had
to be left at each installation bringing people's attention to
the fact that there might be a smell from the furmaldehyde. BSI,
as a part Of thelr Quality Assurance Programme found a 0.2%
complaint rate of formaldehyde irritation in the initial pericd,
and oniy a 0.02% unresclved problem after 8 weeks, sec attached
1962 BS! summary sheet for the industzy. MNote: with the
tightening up of building survey reguirements prier to

000118

- 2 cof 8 -



PETER
BABKLIT

(INTERNATIONAL) INC

install=:ion and with the development of lower form?ldehyde
emittiig C[esins gubsequent to 1982, formaldehyde has virtually
ceased to "2 a complaint igsue in the UK with respect to UFFI.

Formaldehywe complaints were always taken seriously in my
Companies. ‘ong before the formaldehyde scare arose in the OUS.
Because of e high profile nature of these Companies, customers
nad no hesyi tion in enguiring about the smell, and all such

calls were loyged.

Note that the total number of buildings (176,486) insulated with
UFFI in the UK from Oct ‘80 to Sept 182 exceeded the grand total
of all buildings ever insulated in the United States and Canada
combined.

Befcre 1978 ~e used Draegar tubes, and subsequently the
cnromatropic acid and MBTH methods combined with a portable
formaldemeter when investigating formaldehyde complaints. From
my experience, it takes a very well trained nose under ideal
conditions to detect down to 0.3 ppm. Most people are not aware
of formaldenyde below 0.5 ppm, many not even at 1 ppm. I attach
one paper® which gives additional information on the frequency
of various formaldehyde concentrations found in pbuiidings in the
UK, in none of which as there any dawareness of the formaldehyde
in the indoor air by the occupants.

one has therefore to gqueation why there is no major problem in
the UK with such a substantial installation base, and the banning
ot UFFI which occured in both the US and Canada in 1980/81 after
far fewer installations. 1 Lelieve Lhat the most fundamental
reason is that the majority of the American buildings insulated
are of wood frame construction, whereas the majority of those in
the UK are of masonry construction. Also the air-tightness of
those in the UK ls less because they do not experience  the
_extreme cold of a continental climate in wintLer. As a result, in
American homes, there was often a higher initial formaldehyde
concentration and hence more irritation. However, the building
tigntness does not account for the higher incidence of longer
term complaints. One must therefore conclude that there must be
another factor involved in the prolonged American complaints.

In one complaint which I investigated in the UK they had a
problem each spring. After a great deal of effort it was finally
discovered that a bird nad found a way into the eaves and
reqularly nested in the UFril in the wall cavity. There were
otner cases where rats and mice nested in the UFFI.

The second attached paper7 describes the successful effort to
mitigate tormaldehyde evolutlon from UFFI installed in the St
Tnomas More School ln Essex, England, using Lreatment with pure
ammonia gas injection into the UFFI. The first attempt was not
completely successful, but the second reduced the Iindoor
concentration to an average of only 0.03 ppm as measured the next
day by the Health and Safety Executive. The eamazing aspect was
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that the two key people who claimed to be "sensitised” by the

formaldehyde after each step reduction claimed that if anything

the problem ha ot worse! The complaint was not therefore due .
to formaldehyde. It was afterward discovered that adjacent to
the two critical rooms there were urinals leaking into the wall
cavity. 1 believe that the installation of the UFFI blocked the
normal cavity ventilation and the spores from the more
concentrated rotting residues came into the adjacent rooms via
the open suspended ceilings.

In another case in which I treated a private home which had
formaldehyde concentrations above 0.3 ppm, the complainants'
problem disappeared with ceduction of the formaldehyde off-
gassing from the  UFFI using the ammonia gas injection

procedure®.

In co-operation with the University of Viectoria, Formtek
Technologies Inc demonstrated that damp UFFI in contact with
sawdust would support the growth of stachybotris atra, a common
wet rot fungus, and other fungiiZ. Stachybotris atra, in
defending its territory against other fungii emits & mycotoxin
which is the third most powerful poison known to man.

In investigating a seasonal complaint of induced heart problems
related to sharp weather changes in Toronto in a house insulated
with UFFI, 1 discovered that the humidifier was full of a black
mold which proved to be stachybotris atra. '

1 persuaded the Canadian Federal Government in 1985 to conduct an
initial investigation into the possible role of fungii in
insulated buildings. . unfortunately they were unable to undertake
a sufficiently comprehensive study to be able to come up with any
definitive conclusion because of the sheer complexity of the
issues involved. Rt B -

When one examines the huge amount of data collected by thae
Canadian Government in investigating the UFFI issue, formaldehyde
does not come out as being an unambiguous cause. In fact the
data is so contlicting  that it 1s  difficult to see hov
formaldehyde would be.the unique cause. ’ : :

Barring the initial irritation effects, 1 believe that allergies
and sensitisation to. tungal spores and their mycotoxins is a far
more probable cause of the claimed adverse long-term health
effects. This alsc becomes apparent in many intractable sick
buiiding syndrome problems. o ' :

If the UK experience in masonry buildingsa, which are not 8o
conducive to -fungal growth, is compared to that in North America,
one has to conclude that the unofficial UK maximum value of 0.5
ppm in domestic buildings is in fact a reasonable figure. It is
based on the normally accepted lower detection threshold, whilst
I believe that the 0.3 ppm level can be taken as the ultimate

lower smell/irritation threshold for sensitive pecple.

0C0120
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Note tnet the claimed figure of 0.01 ppm as a lower detection
thresholcd +as probably a result of the experimental method used
and not due tO formaldehyde itself, which conclusion was
indicated .y the authors themselves in their paper=v.

Fyrther i: rmation on the UFF1 issues and analysis of the
Canadian NR. research data on UFFI is contained in 2 reports for
the UFFI Cent ells

I believe the Essex ca3se is no longer sub-judice. The draft
repert which 1 prepared and which contains the results of some
1,093 indoor formaldehyde measurements in 169 buildings could be
made available if requiredi3 after oblLaining clearance from

Essex County Council.

CONCLUSIONS and RECOMMENDATIONS

In view of alli of the above, and the extensive epidemiological
data showing no increased risk of cancer as a result of exposure
to significant concentrations of formaldehyde, I believe that the
opportunity should now be taken to substantially down-rate the
risks associated with exposure toO formaldehyde vapour, as is
proposcd by the EPA.

1. within the vapour concentrations proposed in this report,
formaldehyde should not be “considered as of carcinogenic
potential.

2. Legislation on formaldehyde vapour concentrations should
only be based on the minimisation of irritation, with
criteria based on the classification of exposure, €g:

0.4 ppm max Bh a#g. for retirement homes and hospitals.
0.5 ppm max 8h avg, [or doméstic and school environments.
0.6 ppm max 8h avg, for office and shop type environments.
1.0 ppm max 8h avg, for industrial environments.

3. For outside ambient air, I propose a total value of 0.1 ppm
max 8h avg as a result of all local and natural sources of
emission, on the basis that such an outdoor maximum should
not substantially increase the risk that the above indoor

figures should be cxcceded.

Since formaldehyde s at a natural equilibrium in the
ambient environment, je it is destroyed (half life of less
than 12 hours) as well as being created naturally, and with
normal atmospheric dilution, I believe that this maximum
local figure provides an acceptable outdoos environmental
eriterion.
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Note: this submission does not purpost to be a complete argument,
put to place new information before the Air Resources Board.
However, the recommendations given are not incompatible with
those reached by others trying te achieve 8 reasonable and
equitable set of criteria.

1 trust that this perspective will allow you to come to
reagonable conclusions regarding the desirable 1imits for
formaldehyde vapour concentrations. pased on its nuisance value.,
which are acceptable to the general public and which are not
unreasonably stringent on commercial development.

yours faithfully

YL 2

pr PV p Barrett
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" FOAM INSTALLED IN BUILDINGS MEETING THE REQUIREMENTS 1 Oct 1980 - 30 Sept 1982 1 june 1979 - 30 Sept 1
CLAUSE 4. BS 5618: 1978 (Excluding Amendment No, 3) Domestic Buldings Gihets Al Duildings
TOTAL NUMBER OF BUILDINGS FOAMED = 176,%%¢
a)  Existing 153,185 8241 )
b} New {less than t year old) 5,433 359 ) 151,309
¢} Undes construction 8,862 408 )
AEPORTS OF WATER PENETRATION '
a)  Existing 793 | (52])° 1| ) ) .
4 New 88 [162] 12 [334 ) 430 (28]
.1 Under consttuction 44 | [s0]) 2 1(49 )
VERIFIED REPORTS OF PRESENCE OF FORMALDEHYDE \
G chixisting a08 | [27] 47 | [57 )
b Rew [17] 2 156 ) 337 {22)
» C¥nder construction - - !
g
(-3 DED PRESENCE OF FORMALDEHYDE
; Wiotal number of seports (3) 417 [100%) 49 Y100%) 337(100%
' Lasting more than 14 days but less than 8 weeks 147 | (35%) 36 | {75%) 131 (39:
"asting longer than 8 weeks 36 (9%) 11 | (22%) 64 (19
ROUTE BY WHICH FOAM/FORMA LDEHYDE ENTERED BUILDING
4} Reports of presence 14 days - 8 weeks 147 -
(i) via gaps in innet leal e.g. undet bath/stairs 77 -
(ii} via building/constructional f{aults 54 -
.. Reports of presence longet than 8 weeks 16 -
(i) via gaps in inner leal e.g. under bath/stairs 12 -
{ii) via building/constsuctional faults 12
UMBER OF INSTALLATIONS REPORTING PRESENCE
(f FORMALDEHYDE WHICH REQUIRED ASSISTANCE 36
1,104 SYSTEM DESIGNER

* [X] - reptesenting X per10,000 buildings foamed.
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Formaldehyde and urea formaldehyde
cavity wall insulation

Dr.P.V. L. Barret

Formaidehyde and UF foam cavity wall
insulation

Urea formaldchyde (UF) foam cavity wall
posulation was wtroduced into this counery, from
Deamark, in 1959 Rolauvely littde was installed
wotdl after the il crisis which followed the Arab-
istacli War of 1973, In cowl, some 1.5 millioa
huildings have boen insulated with it. UF fuam i
the cheapest marerial for roreanfic cavity wall
inaulation. (All  well-installed sysicms have a
comparsble heat rasstance.)

Whibit the product . has . gencraily  peaved
satisfactory, it has suffered two grillings in the
media, including prime-time TV. The Firsc
concerned water penetration and the second
alleged health effects from evolved formaldehycle
tumes. The problem with the media is that ‘Guoed
news is bad news'. Mowce the porencial prothdcing
received wide coverage, and the counter argunient,
ot resultant product cvoluton, much less.

Beides these sucs, many people ace skopriical
abour cavily wall insulation, because die pavdunt
is unscen and its benefits are i dircudly nicasure-
able 1 powential dreeamboar for s cowbay
nperator.

1t is therefore esxental that surveynrs arc {ully
briefed on the situauun, s it ihey can proporly
adwvise clients invalved in Uw sale and purchasc of
Luildings insulated wich UF [uans,

Water punetration

The power of television 15 enarmous. Lhe first
coverage occurresd in February 1975 and involved
water penetrarion — the market cullapsed o a
quarter of its size uvernrht. At the sae nme, the
Sccrctary of  State deemcd  that  cavity  wall
insulanan contravenesd Building Kegulaton C9(2)

369

for England aad Wales' (preventon of damp
bridging cavity walls), and also was sn alteration of
a Luilding, so requiting nodficution of the local
suthority, under A7, befure wurk commences. ta
November 1973, Type Relaxavion of C9(2) was
mzoduced for exisring buildings, sireandining the
proccdue for nsrallation contractoss wiv were
registered with the Agrément Board ({or any type
ol cavity wall insulagcion). Under Type Relaxation,
regiscred couttactons swed only give the local
authority scven days’ uctice of their intended
work. Qnly if the local authosity has resson to
consider that thore is a potential risk, based on its
own infurmativn 3bout the building, s & nutifica-
uon refuscd.

In 1975, BS 56172 and 5618 were published,
laying down the Specification and the Code of
Fractice for the installation of UF fvam. In 1979
thc 851 scheme for the registration of inscaliagion
conrracrocs of assexsed capability wich UF foam
was insugurated. By 1980 the Agrémenmt Bomd
cyvee of UF foam had boen phased ouc.

The Agrémen: Certilicuve amd the DS Code lay
down the wypey of suistiuction for which the
process is suitable roganding water penctration.
The success of the schemes is given in the BSI
survey af the contractors’ records, showing thac
only 0.3 percent of cxisling Luildings insulatcd
suffer subseguunt water penetration, and these arc
usually resolved yuile caily. The comparative
l'isulc fir uvinsuiaved b‘llild.inp will mever be
kaown!?

in 1983, the Tlurd Anwadiacnt to the Building
Regulativnn® revised clause €9, and the relevant
secnion became CH3) fun wlivdy Type Relaxarion
apyhics fun caiating buildings.

Note thac chuse contzols and cepulations are not
applicable v %codand and Northern lecland
because of different buding regulutions,
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Formaidshyde evulution from \)F foam

Certainly it has always been knuown that
¢, rmaldenvide is v o C from the curing {oam in
tic cavily, but as a res. of nuimal UK constirud
uon pracuces this evewe on is rarely notised
within the building. Even sa, BN 618, the Code of
Practive for UF foam, when it wa3 first published
i 1978, wnsisted that 3 warning caryd be lelt with
the ouvcupicrs after cach installation, The card
should statc that gshere can occasionally be some
wntation to the cyes, nose and throat, which can
e relieved by increwsing the dugree of ventilation.
if the irritation persists, then the imalles should
be contacted to investgate and remedy the cause.
It was not regarded > o hcalth riskh. The ASI
survey of installers revealed that anly 0.3 per cent
of customers contacted the weyavding aubsesquent
fonnaldehyde fumes,

The insulation of frame structures

Recenty, & number of probiems vecucred
during the insulauon af the walls of buildings with
framc structures. Figure 1 shows the LUNSERICTION
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Figure 1 Sketch of construclion at fust ftoor
wibing hantd

wirimes

details at Lhe finse floor ceiling band of onc of the
buildings. Becsuse of the large gaps in both e
external and the internal luaves, ventilation air
could treely piss iy the budding vis the crvity.
There was no masviuy inner leaf above the
winduws; the gap was filled by shects of poly-
styrene wired vnto the frame. When the cavity was
fillea with UF foam, the cvulved formaldehyde
way cntrained into the building.

As 3 result of these problems, the British
Scandards Institution re-examined the Code of
Practice, bBS 5618. Becauss frame seructuces are
not posmally used in the general housing stock
(where UF foaos has becn predominsntdy used},
speaitic  guidance had nut been incorporated
withun the general requicements.

Amendments to BS 5618

Amendmenis to BS 5618 were published on
30th Novernber, 1982} o enswie that unsuitable
buildings are climinated on the initial survey or
that appropriate remedial sction is taken prive to,
or as a part of the contrast.

The main poincs 1o consider ate:

{a) The inner leaf is of essentially eontinyous
masonry and that there as no large gaps in it
icading to the occupiable part of the building.
‘This means that the tom ul cavitics do not
need lobcualcd.unh;snhmhamominr.ln
space above, ie in the witic or a dormer room.
Normal gaps around the euds of jouts are
_acceptable. The spacc above 2 suspended
ceiling should be conudered ws an occupisble
part ot the Luilding,

In existing building, walls which are

internally dry-lined or of faic-taced brick of -

blockwork are only suitable it the joints are
well made — normally not the case —ur the
inner suctace well sealed,

(b) As an additional precaution, untruched vents
into the occupiable parss of buildings must
nuw be runked.

(¢} The cavity must nut be open to & space from

which a cecirculating air system draws in air. -

) Particular care is Tequired when surveying’

puildings ot 2 frame typc cumstruction,
Lecausy pips 3¢ move likely.

{C) lafge gaps i Uic outcr leai, such as cavity
vents v upder windows should be sealed.
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(1) Atter the instillagon, auy foam which las
nenctrated the inner ieaf into the iwuupiable

pars should be removed aod a2 21p sealud.

1 4 guuoilen dogs occur, Lo g prompt
i effective reancibad  action, the Brinsh
swandwds Registervid Farm Yechnical Panel
Sivw up 2 set of industn guidelines, which is
sl ko evely contractor in the scheme.

~Note that Tue 3 vatiery of rcasons, dive
precautions should also be applicd to ihe utlier
formy ot retrofit cavity wall insulation.

As well as BS 5018, the tuilding Repulatines in
Englanid and Wales were also tighteped: a new Pat
s* was gniroduced, limiting the use ol WAl
ctvstanees n buldings, VE fuam is deemed o
sit>'v these requirements if the marerial has been
approved by pS1 and installed by contractors
uperating under theic registered tirmm schcme.

The Amsrican use of foam

As 2 resuit of developments in America, amd the
resuliant interest in the UK problems. tormul-
dzhvide fumes from UF foam became the sccond
suineut fur relovision coverage.

Untoriunately, the use of foam is not regulated
. either the US or Canada. In addirion, theic
hotises ace rarcly of masonry comtruction, ncarly
Sl being of tmber frame construction. There, the
aormal practice is v insulate the intcrmal cavity,
within the frume, berween the studwork and the
wirernal plasterboard. (This is forbidden for toam
an-ter B8 3618, berause the foam cananot readily
des wut, duc to the high vapour reviatances on
cither side of the insulation.) Because of frrguent
punciunng of the internal lining by electrical
wrckets e, when foam was installed a proportion
at the Incmatdcliyde cviutiun touk place ince the
bailding. 1n 2 numbcer of caacs this resulied in high
jrrernal  comcentrations,  causing tistressing
PR [P TRLA I ) lIIC l.\-l-ﬂ!"!lt’. To make matters
W, IR cencilial mcasures waere not earrird
aut. leaving some custutitees in preat difficulrics.
e e hecame  pulitival aml
bunned ity usc,

Massavhuwsctes

The formaldehyde heaith scare

. 1976 the US CISC  (Canumcr Proslact
wrepy Commindion) was asked tosnvesiigate. This
v il with ceusading zeal, ROPIng 1 gain its Laurels

in

in consumwr protection therchy. All ¢he negative
aspeces were emphasised. Dalanved and controlled
studics werc pot the order of the day when
investigatn, the effcets on consumers. Consumer
profection groups sprang up. such as "SUFFER’ —
‘Gave Us From Formaldehyde Environmental
Repercussions’

At the same time, 3 worker protecuion study
was commissioned for the ClIT, the Chemicals
Industiy Institute of Toxicology, to investigats the
putcutial cances risk from high levels of formal
dehyde in industry. Some 240 rats and mice were
separately capuscd to formaldehyde concentra-
s of 2, 6 and 15 parts per million (ppm), &
Lowss 4 Jday, 5 days a week for up to 2 yeam. It
st L apprecieted thar the ceiling value for
winhees tn formaldchyde industees in the US is
3 ppm and in the UK i is 2 ppm. The irritadon
causcil by 15 ppm is very intense.

Whilst no raws developed nasal tumuurs® at
Z ppm, 1.5 per cont of the zars st & ppm and
43 peccenc At A5 ppm develuped them. This
contrasts with 1hc mice teses whers no tumourt
devcloped at ¢ither 2 or 6 ppm and 2.4 per cent
werc found a2t 15 ppm (two of the remaining 83,
the others died in communal fights). Assuming
that nasal tumaours could be induced in humans in
2 similar way to the racs, the CPSC developed 2
mathcmatical medel which predicted 2 low but
positive rtisk to humans at levels down 10
0.01 ppm. As 3 result of this and information from
faulty installations, the CPSC banned the use of
UF foam in the US. This was shortly followed by 3
ban in Csnada and the institucion of 2 muld-
million Jollar programme for cither the removal of
the foam from dwellings or major cemedial acdon
to seal up the walls. A whole host of ilinesses and
malaises were ascribed to the all-offending yapour.

The health aspects of formaldehyds

Although furmaldehyde lus teen known for
over 100 ycars and in cxicipive use since the rurm
of the century without major fears Leing awused,
surprisingly litle was known about thr healdh
asprcs, Doruns 1hought the situation ridiculous
at first sincc svery doetor fhad to do his sunt
dissccrimg sampics preserved in formalin solutonl
Every school biology room has its presceved
ssmples. )

Fouualdchyde is 3 parc of our natursl bedy

chemastey and any sbsorbed low levsls of formal-
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dehyde are quickly broken dows by natural
coryimes within the budy, Huwever, formaldehy.le
vipusr in sufficient _oncenrativns Joes irritace
the EYChy, NOSC ansk .7 ag, Bor st people the
" jowrst concentration which thuy ¢an detee? hy
jrriration is agound 0.5 pph, More scnsitive people
can sletuce down to 0.3 ppsn.

Formaldehyde iy ubiquitous aml 2 corncrstone
of maodetn industrial life. A» such, the potential
impact of the Amerivan health claims would be
staggening, 11 proven. Thercfore, an appareatly
dispropuortionate effurs has bueen invested by
indusery and Governmeur o establish the facts,

1 Rackgraund levels

Formaldehyde s evolved fium plants. 1 have
measured 0.03 ppm o 4 Lot summer's day o 3
vitlage gardes. Outtide air mussurements typically
vagy bomn 0 ond ta 0,02 ppr

1'orraldehyde i» a component of exhaust
fumes. Air concentracions of up (o 0.2 ppm can be
found on the streets of big cibes.

2. Cunienivations in buildings

| have snalysed a survey of fomaldehyde
concentrations i 17 lacal authority buildings
which had not had their wally treated with UF
foam and 14 whieh hacl beett tcated betweeh two
and eight years previvusly (without any probleme).
The results are shown en ligure 2. This slivws 10
significant  difference in e formaldehyde
concentrations of roams with unircated walls,
compared wirh rooms with walls insulated
between two and cight years previously.

Furmaldehyde is clearly 2 nunmsl and signibi-
cant component of the building eaviconment. By
extrapolating the straight line in Figure 2, one can
sce that atnmt 1 in 100 rooms of lncal authority
puidings would be expected to have concentra-
tions of 0.3 ppm and 1in 1,000 zroung U.4 ppnt.

tiowever, when UF [oam is first installed, the
internal  concenteations ot farmaldehyde do
incrense. The peak concentration i normatly 1ess
than 0.5 pprv, the level at which i1 hecomes
penerally autiveabls, The conceniration decreates
ver the tolluwing few months, and by the el of
a year the average is around 0.1 ppm.

3. Health surveys

The resvits of 16 epidemiological surveys.
cowenng  3OME 20,000 people involved with
{ermaldehyde at thew place o work, have beent
reparted. ‘The moust reoent myolved some 7,000
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workees in the UK eagried out by the Medicsl
Rescarch Council.,? No significant increase in risk
of cancer has been found, or any other long-term
cffects, cven though some of the workers had
previowly lreen exposcd to much lughet levels
than nuw permiucd. sinc: the maximum per
mirted concentration uscd to be 10 ppm.

4. The vat study

Because fars cannol Lreache through theie
mouths, their nasal system is not cumparabie to
man, 1 additins, it has sinee turncd out that the
15 ppm animats had been expuscd b 'an average
daily high of 2 nearlethal 32.4 ppm’1® The nasal
infeerion which the rats suffcred carly on in the
{ualy was another confusing factor No other study
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with different animals has shown up 3 significanc
jncrease 10 cancers. The oniy definite conclusion
ix that formaldehyde is caranopcnic to rits.

5. Conclusions on heaith

when the US Federal Court of Appeal con-
sidcred 3l the infornwuon, it held? thatr ‘record
developed before the Cummission (CP5C) did not
vontatn the subsianmal cwvidence Recessary w
suppert the Commiission's ban on use of ured
furmaldchyde foam insulativn’ ‘Rulc Vacated’.
When reviewed the US Supremc Court of
Justice on Z3th August, 1983, they upheld the
Yederal Cours of Appeal and the ban was lifeed.

The pusinon of the UK Government remains
the statement in the House of Communs ‘the Chief
Aedical Officer of the Department of Health and
Social Security, who is the Covernment’s senioe
dviser on health matrers, has indicated that the
completed studies of people exposed 10 formal-
dehyde vapour have not found eny evidence that it
ceuses caneer, vhanges in lung structure, orf
permanent impaimeeat of lung function in man'?

| belicve 2 maximum concentration of 0.5 ppm
should be sct as 3 guideline for non-occuparional
environments, with some tolerance for shocr-term
deviations,

1t is clear that the mathematical model used by
the Americans to forecast a significant risk ot nasal
cancers at QUL ppm i nou lepabte, Equally, the
medical ‘fact’ that some people are senntve 10
formaldehyde down to .05 ppm aceds revision,
Otherwise the cancers would be very common and
sensitive penple could nut inhablt huildings!

Other potentis! sourcas

The invesugauons have cunsidered the pos
sibility of uther chemicals used in the buildings
heng involved, other ehemicals being cvolved from
the foam and dust particles causing atlergic
sccitation. [n November 1982, a BRC television
‘Nauonwide' programme  covered formaldchyde
from UT foam. In it Dr Nantel of Quebec, Canada,
s that he was ipvestigaung udiet puncatially
Jangernus  chemicals Canadian UF  fuam,
Flowever, checks by the BRE on UK foams found
pu other significant gascs being evolved [run UF
foam. other than formaldehyde.

Very small quantiues ol tiny pastucks can be
entzancd by air movenient ott toam, llowever,

wnly sminute traces could be found inside even
lcaky bLuildings, and arempts in the UK to
Jemonstgate reactins by sensitive people o dust
from i foam have proved unsuccessiul.

indoor poliution

Since formaldehyde cannot be the cause of the
majority of the roported problems, as the comn
centzacions in cumplainant's buildings are generslly
within the norual indoor spectrum, attention i
now tuibing to other indoor pollutants, which
have been cuncentrated by excestive reductions in
the air change rate. Radon, carbon dioxide, earbon
munuxids, oxides or nitrogen and many others are
now being studied. Formaldehyde has proved the
catalyst in the opening of a Pandurs's Box of
potendal airhome healil prolicms in the home.

The clear messye is: don’t take energy saving
too far by cxcessive reductiun in ventilation.

Conclusions

The Brurish Standard has been tightencd up to
exclude unswiesble buildimgs for the process.
Naoticeable concentaatoas of formaldchyde ruruly
oceur, They vause scmparary iminton, but we
not a healrh risk.

The huilding must be surveyed for suitshility,
according o BS 5618,

U¥ foam cavity wall insulativn o » satisfactory
process when imstalled by & comtractor i
under the British Standards Scheme of Firms of
Asscsac Capabiliry.
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thereforc. by default. heavily binsed. So.1n
turn., the medin cannot be blammed far
quoting.-the published “facts”.

It s cenginly not unique 10 the
foimaidehyde scarc  that most people
prefc e woirk with ~tunnel vision™.

Thewney have been developed where the
unstatvgd  asumplions have noi hesn
questistied. A pood cxampic 15 that by the
'S Consumer Product Safery
Commission .

1 uf foam gives ofl iormaldenvde.

2. T he sympioms cxperienced by people
i hemes snaalated with ui foam sre in
genceal  wmilat to those csused by
formaidchyde

A, Yherefore formaldehyde given ofl by
uf toam 1 the cause of the problem.

Fhis has ted 10 monumental arguments
between the formaldehyde industry and
the CPSC “wnde™ nver the interpretation of
the ~medical evidence™ concerning people
Jiving W houses imulated with uf fosm
The CPSC claims that 3 sigmficant
pumber ol peuple 1cact 1 jow levels of
formaldchyde  but mi wers ot
formaldenide. such as embaimers.
ologists and  PRTRCIORISTS. clsim tha
theit eypenense wauld ot SUpport such
wigespread iow levet eliects. Theicforc the
chargs his bern made tha the sympioms
wep gue te 1he stress mduced by 4 ma
Ly -t and ha iormasdchrvge 15 the

Fape, iBE amImnR £ 1
G -

min tae wali o: the gymngsum uf 51 Thomas Mory School

am — the curr nt

oot T - L TR -
De. Peter Bareen BSc. MD, Clng. MIChamE.
curvent scapegost for all the unexplained
aches and pains which our suressful soacty
seems 10 be full of. AHl this is food and
drink 1o the mass modia nad a convenot
bandwagon for many “isterened™ partics
A fuller treatment would provide the bass
for x besuselling fiction aovel.

Last but not least ia the accuracy of
measurements of the  formaidchyde
concentration in mir. Great strides have
beeu ade over the last few rcars (o
improve the techaigues. Unfonunateh the
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other side of the coin is that nany earlicr
wstermeans on the cifects of various
conceniralions mMmust be yuestioned
becsase the messurements would now be
regacded as unseliable.

So. in the middie of ths conlusing
situstion, wherc hat the Essex eaptrmnce
now 1aken us? A new perspective s
emerging which will hopefully aliow a
more reasoned stitude 10 preval
:  Formaldehyde is much more comman

than masat people had previously
wnpesied. In 1be outside aif a sypical
_copeemirmtion is C.02ppm (putls per
million by volume in ar). The average
cunceniration found this summer in
15 Essex schools uninsulaied with ul
foam was U.063ppm. One schovl had
an average of 0. 14ppm and the highont
roum measurement was 0.24ppm.
‘lwo ammeonia gas treatments of the
ul foam 10 the St Thomas Mure
school fedueed  the formakichyds
LONCENIEAIONS 1O an  SVETAET of
0.03ppaL. Y& JOME of yhe nafl claimed
that there were sl adverse NCann
citects 1 the school. In view ot ihe
emotion which had been gencimed
aver 1he imus. the Coumy Council
decided 10 felocate the school unisl a
saaistactory remedial propramme had
heen compieted.
Peture of the gymnatium wmdows et S
Mose School. showing the ierge o8
hetween the underside of the abimtnum window
sill and the brickwork.

[ 2]

Qricher 1983

tAsulannh

51 Thomas Muse school. Wenrlff. Fisex.

3 The conclusion from (Jyand{l}above
is et theic must be another factor
involved celatsd tv 1w uf ivant Thn
conclusion i supporied by other
cvidencx,. @ ¥y ciscusisiamtial. ol
just [1ven Esscx. 1t wouid also explain
same ul i American pasadones.

4 ‘Tue Health and Safety Executive has
accepred that there could be another
lactor and has sshed Th Newiuas
Taylor, Director of (the Occupauonal
Lung Dobsme Lan & Brompron
Hospital. Lundon. w sombuct i
accessary medical iavesiigsiions.
There are three pussible porwe

wtivm.
2) The patients src wnsiive 10 low
levels of formaldehvde.

b} The paticnts arc sllerpc 10 &
varying extent 10 minute
particles of dust from the foam.
in a0 snalogous way 10 polien
cavmng hayfever or cat han
causing an alictpw reactron

¢) The pauents areschsitiv€ 1o some
vapour which 1s given oft from ut
foam othet then formaldemde

£ Small yuanpuues of fine ufl loam dust
hasc becn measured in the aiF R St

Thameas Mare whanl

& The Builting Rescarth Estabiishment
15 develnmng appataiuy 10 Jnah~clar
uther rapours  So Jar the onh
sapours found of wgmilwane arc
furmaldehydc ahd wawcr vespour.
confirming the ongmng Canaedian
rescarch

The Brtish Standards Imstituton
CAITVIRE Ul ilx own uibesLgativny
and it it finds any signifscant data then

this will be passed un to the medical

itam.

v [here iv 50 queshiun Hat o Contrast
e the maonny of sugcesaiul
wnstafiatons of uf foum an the [
wome of the Burldingy mautarcd unger
1he recont contract in Eysex did sufler
an imual. migher than nuermal
concenirawon of fuimeidcinde.
w hich caused 1rtaton 1o & number of
peaple. Action has bren taken
tntough the Britith Standards
IENTIUSION o ensute thal the Cuds ul
Pragiwe Will more cieasis gefine thase
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buildings which are unsuitable for the
proccss. 11 is obvious that any nction
10 reduce formaidehyde ingres would
aiso ceducc 1he ingress of any dust or
other vapours. Straightforward
remedial acton 1o sesl gaps and
remove form which had pewmetrased

the imper leaf has resoived the

majority of cases.

1t s impoctam 10 have a porspective
on the ommsnding probiems. Of tix
91.000 peopic using the building»
insulsted with uf foam uader the
A1 K2 contrect. ouly scvas have had 2
sirong resction and two of thes wete
clcantrs wha objectad to the
formaldchydc vapour im the early
morning alter the building had heen
closed up overmight.

9 So far. the circamsiantial evidencs
indicates that the dust theory besi fits
the uncxplaioed residuateffects which
2 wmall proportion of peoplke have
expenenced,

Because of the larpe number of peopic
who voukd b unnscosanly stermcd b
fear of the unknown, 11 is viial that the
medcal situation 13 clanbied at the carhent
opportuniy  Fortunately the generally
suaenful capcrence n the use of wt
foam :n tht UK over 24 ycars would
shoagh indweste that theee s no reason
why it +hould aot coanave 1o be used
within the critenia fad downon the revised
BS Codc of Practee,

One final note, alicegres to dust partiics
are a 1act of hifc. 1n additon. every retrofn
form of 10ase iNsulation EENErALE: s Own
Just. whether beads, granuies or ibre. A
the use of each snsulant ncreases. so 1t wilt
pronabiy be found that 3 very small. bu!
dilfcring. proportion of the populavion wiil
e sliergic tn each. "1.et ¢ wathout sin cae
he first ~tone” (ASA picase noter The ~
other ~\vuiems may st need (o consuder
whether the new restnclions on the use of
‘oam a1c notl eyually applicable o them

Dr  Peier Rareen. of Peter Barsen
Cumuuitanis. Welnwon Gardem Cut. her™
heen reramed by Exsex Cowmy Coumd 83
thetr technical consulian: in regard 11 the
Jormaidciide probiems winch ther havr
experienced folicre ing 1he tnspigrun o/ L
puhin buitdwnygs v 198172
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PERSONAL DATA:

Date of Birth: 24th July, 1941 Married: 26 years

Children: 2 sons, both at University, (Waterioo and ARMC).

Canadian Citizanship: 1989

EDUCATION & ASSOCIATIONS:

1963

1964

1966

1968

1982

1985

BSc in Chemical Engineering from Imperial College, London, England
(1st Class Honours) :

Completion ot § year Studert Apprenticeship with Ministry of Defence (Army
Department)  (similar to Co-0p courses)

PhD in Chemical Engineering from Seiwyn College, Cambridge, England
Member of the Institute of Chemical Engineers

Fellow of the institute of Energy

Member of the Alr & Waste Managemwent Association
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1867

1871

1574

1977

1979

1981

1982

CAREER SUMMARY

Devetopment Engineer for DuPont Co (UK) Ltd, Londonderry, Northern iretand;
working on neoprene and hylens plants. Saved $0.5M on improved design of
chiorine and phosgene emergency release scrubbers, using a computer
programme pased on his PhD work. He saved a major toxic spill by redesigning
the chiorobutadiene catalyst tollowing an accident. He was project ligison officer
with the US for the $8M dilution safety project.

Research and Development Manager for Potterton International, London;
manutacturer of central heating furnaces, gas and oil fired, resicdential and
commercial. He managed the innovative research for the most successful walil
mounted gas-fired boiler, the market leader for over 10 years.

Techinical Manager for ICl insulation Service Ltd, Welwyn Garden City, Hens,
England, the largest installers of UFFI In the UK. He was responsible for
technical support 1o the Saies angd Operations depariments, as well 83 managing
a UFF! research laboratory. 1CI was unique, being bath an instailer and having
its own chemical formulation backed by a ressarch laboratory.

Throughout his time in i1C! and Cape, the wall insulation industry wes under
severe media pressure because of poor performance by some smali operstors.
He had to approve all advertising and PR for both companies. He was heavily
employed es the Nationai Technical Expert 10 give press inerviews, seminars and
technical papers as & central pan of the campaign to regain respect for the
ingustry. He chaired the British Standards Technical Committee which drew up
the BS documents as well as the first BSI Quality Assurance Scheme applied tO a
contracting industry. The first problems arose around fears of rain penetration
through external building walls; the second involved the formaldehyde scare,
both of which were susuccesstully combatea. UFF! is stiil being used with over 2
million instaliations.

Take-over by Cape industries Ld, London. (The original specialisation of Cape
was in asbestos.) ,

Appointed Technical Director, Cape Insutation Services itd; range of insulation
materials increased from UFF! t0 polyurethane, spray and pour, blown mineral
tiore, weatherstripping and caulking, internal insulated lining systems, and
polystyrene sheet systems. Turnover reached £13M. He carried out quality
control work on a polyurethane installation in Argentina.

Set up Peter Barrett Consuitants.

Appointed Technical Consuftant to Essex County Council for advice On
tormaldehyos evolution from UF foam and appropriate remedial actions. This
was the largest formaldenyde problem ever in the UK, and ha was invatved in
numerous TV, radio and press interviews.
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BABRETI

CAREER SUMMARY (cont) (INTERNATIONAL} INC

The puolic relations and personnel procedures deveioped for the formaidehyde
situation worked well when the Council was faced with subsequent problems
over 2=hastos in school buldings. :

1984 Set up . r Barrett Consultants in Victoria, BC, Canada, when asked 10 come to
Canada tc apply his UK technical expertise 10 the Canadian situation. He had
developed an ammonia gas treatment method which avoided the costly physical
removal of the foam from the buildings.

1985 Appointed Vice-President Research and Deveigpment to  Formek
Technologies Inc, Victoria, BC, Canada. Projects involved development of an
ammonia gas based, in-situ, formaldenyde treatment of UFFI installed in
‘wood-framed buildings, development of an ammonia gas treatmernt for particie
poard manufacturing plants, and development of the novel 'Tectonic’
polyurethane, interlocking board insulation system. He played & mejor role in the -
instigation of a Federal UFFI tungal research programme. Formtek closed Sept
'85 due to problems with construction financing. '

1886 Under contract to the National Research Council as technical writer and to assist
in the UFF!1 project v.nd-down, especially concerning formaldehyde and parucie
evoiution from UFFl. He aiso ligised with the Federal Government for
continuation of the UFFI programme By widening Its scope 10 general ingoor air
quality research on a multi-disciplinary basis. :

1987 Set up Peter Barrett Consuftants (international) Inc In Victoria, BC, acting as
President. He worked on marketing a8 medical heating pad into Europe, together
with manufacturing i-roposals under license. However a patent disputed haited
the entire market. tie worked on proposels for the treatment of Hazardous
waste in BC and made presentations to the Gommittee. The Company compieted
a CIDA contract on the faasabllity of 2 pharmaceutical plant in Nigeris, then
concentrated on raising the financing for the plant, as well as for a number of
other West African and Chinese projects

As 8 part of the Company’s brokerage activities, he assisted in the launch of the

BC Business Nework, and spoke 8t the launch in BC Place with the Miniater,
Mrs Grace McCarthy.

COMMITTEE WORK

22.74 Editorial Board of the "Chemical Engineer”.
73.74 inaugrai Chairman, Nonsuch Section of the institution of Chemical Engineers.
75-79 Appointed Chairman of the Briish Stanoards working Pansel which deveioped the

specification anc Code of Practice. BS 5617 & 5618, for UFFI manufacture and
installation, published in 1978.
000135



BAGKETY

{(INTERNATIONAL) INC
COMMITTE WORK (cont)

78-84 Member of the British Standards Quality Assurance Department Technical Panel
~ which set up the Scheme for Firms of Assassed Capability in both the
manutacture and instaliation of UFFL.

80-81 He organised the formation of the Gavity Foam Bureau and became 18 Secretary.
He ran the day-to-day operations during the first two successful advertising
campalgns to distance the UK UFF! industry from the North American problems.
(The industry is still operating In the UK, with over 2 miltion buildings insulated.)

80-84 Member of the BS committees on plastic Insulation materials, together with those
developing methods to describe a building's exposure to wing-driven rain and a
general methad for the assessment of buildings for cavity wall insulation.

1982 Appointed National House Building Council represermative On BS committees
concerned with insulation materials.

1985 Attended Canadian General Standards meetings on polyurethane ingulation and
on-vapour barriers.

1991 Programme Director for new vencouver igland Chapter of the Air & Waste

Management Associetion.
ADDITIONAL SKILLS

1. Ho developed a close working relationshig with relevant government depantments
in the UK and Canads.

2. He is familiar with advertising and public relations in the handling of conroversial
issues. ' _

3. He has developed a popular lecture style and hs has written many articles, sach
tailored to the audience's expertise.

4. He has acted as technical expert in legal actions.

s He opersiss his own word-prooessing using WRITER I, WORDSTAR 2000 and

WORDPERFECT 5.1, deskiop publishing using VENTURA PUBLISHER, -
spreadsheets using LOWS 1-2.3 and QUATTRO PRO, databases and accounting
programming using GBASE Wl Plus, and basic programming using GW-BASIC
and FORTRAN.

6. He has & very practical approach when it it comes to resolving problems, but the
logic is soundly based, either on chemical enginesering principles, which he has
found to have a very wide applicability, or on practical common sense based on

his wide experience.
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: 807 Seamist Place, Vicioria, BC, V8Y 2R4, Canada  Tek (o04) 658-5183
Fax: (004) 658-6183
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28th March, 1991 | ro FAX; (916) 327-7212

Cenevieve Shiroma, Chief

Toxic Air Contaminant identiflcation Branch
Stationary Source Division

Air Resources Board

Attn: Formaldehyde

PO BOX 2815

SACRAMENTO, CA 95812

Dear Madan

Draft Report on Pormaldehyde
Addendum to submission of 27th March, 1991

1f we take the UK UFFI installation base as 2.2 million
buildings, and with a population of 52 million and a housing
stock of 19 million, the number of people who have lived in homes
freshly insulated with UFFl is at least 6 million.

1 attach a graph of the cesulls of the Essex survey expressed as
a frequency distribution. ror the 1981/82 contract, the
puildings, mostly related to schools, had been insulated with
Ures gome 4 to 10 months previously. By the time this survey was
carried out, remedial action had been taken on many of the
puildings where high readings had been found earlier. As an
extreme example, an early Draegar reading in St Thomas More
School was 2 ppm, and by the time of the survey the average had
peen reduced to 0.03 ppm.

Bearing in mind the range of normal background concentrations in
tnese buildings, see Fig, which 1 believe would prove fairly
typical for the UK housing stock, there is no justification for.
making the formaldenyde standards any tighter than what I have
proposed.

Pr P V L Barrett
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A

BORDEN PACKAGING and INDUSTRIAL PRODUCTS

DOMESTIC ANT INTERNATIONAL
DIVISION OF BORDEN, INC.

March 21, 1991

Ms. Genevieve Shiroma, Chief

Toxic Air Contaminant Identification Branch
Stationary Source Division

Air Resources Board

Attn: Formaldehyde

P. O. Box 2815

". Sacramento, CA 95812

Re: Comments on Draft Formaldehyde Air Toxics Documents

Dear Ms. Shiroma:

I am writing to provide Borden’s comments on the Proposed Identification of Formaldehyde as
an Air Toxic. We are encouraging consistency between the California DHS and US.
Environmental Protection Agency risk assessments.

EPA has incorporated mechanistic data into their risk assessment. Additionally, scaling factors
used by both agencies should be the same. Based on EPA’s revised assessment, the lifetime daily
dose exceeds 800 ug/day. '

We request that the inclusion of formaldehyde on the air toxics list be evaluated consistent with
the revised EPA assessment and that DHS support a consistent approach with EPA guidance.

Thank you for this opportunity to proﬁde‘comments.
Sincerely,

/Qé(a.u‘g, & l‘b@af/

Diane E. Strayer :
Environmental Engineering Manager

DES/cjs

xC: M. Gruenwald
R. Springer
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SIMON FRASER UNIVERSITY

BURNABY BRITISH COLUMBIA V5A 156
Telephone: (604)733-1348
Facsimile: (604)733-9385

SCHOOL OF COMPUTING SCIENCE
FACULTY OF APPLIED SCIENCES

June 13, 1991

Dr. Stan Dawson

Dept. of Health Services

Air Toxicology and Epidemioclogy Section
2151 Berkeley Way, Annex 11

Berkeley, CA 94704

Dear Dr. Dawson: . —-
I include our reply to the Formaldehyde Institute; Inc.'s comments
to the State of California Air Resources Board.

The issue is of sufficient importance so that we will submit the
exchange to a suitable journal. The key issue is whether or not
cancer is affected by the healthy worker effect. If this is the
case then mortality ratios, standardized on the basis of the
general population as the referent, are difficult if not impossible
to evaluate. In this case, we believe the evidence is firm.
Calculations of relative risks of occupational hazards simply will
have to be based on some sort of internal comparison. This is far
_ from easy to accomplish especially as any estimate of a true
relative risk based on internal comparisons underestimates this
risk by considerable amounts because of unavoidable
misclassification of workers into different exposure groups (I
include a recent reprint discussing this problem).

-

I also include a copy of my curriculum vitae.
I hope our discussion is what you need.

Sincerely,

A s

Theodor D. Sterling
Professor

TDS/ac
encl.



THEODOR D STERLING AND ASSOCIATES LTD

CURRICULUM VITAE

Theodor D. Sterling

EDUCATION

B.A. (CUM LAUDE), 1949, M.A., 1952, University of Chicago:
. Ph.D., 1955, Tulane University.

PROFESSIONAL AFFILIATIONS

Present: Professor, The Faculty of Applied Science and School
of Computing Science, Simon Fraser University.

Previous: Visiting Professor, Department of Statisties,
Princeton University, (78). Chairman, Department of Computing
Science, Simon Fraser University, (72-77). Professor in the
Department of Applied Mathematics and Computer Science,
Washington University, St. Louis, Missouri (66-72). Also Joint
appointment as Professor in the Department of Sociology (66~
68), and Visiting Professor in Computers and Humanities, Hebrew
Union College, Cincinnati, Ohio (68-~70). Professor
Biostatistics and Director of the Computing Center, College of
Medicine, University of Cincinnati, Ohio (58-66). Previously
instructed in the Department of Statistics, Michigan State
University and Department of Mathematics, University of
Alabama. -

PROFESSIONAL ACTIVITIES . :
ACM Committee on Scientific Freedom and Human Rights; President
of the Computer Science Association of Canada (75-80);
Chairman, Ombudsman Committee, Canadian Information Processing
Society (73-80); Chairman, President of Biological Information
Processing Organization (64-65); Chairman, CIPS Special
Interest Groups, Humanization of Information Systems (73-80)}:;
Chairman, SIGCAS Committee of Information and Public Policy
(72~ ): President of Missouri Chapter, American Association of
Workers for the Blind (70-72): Member of the Panel for Biology,
Management, and Social Sciences of the Mathematics Association
of America (62-67): Chairman, Committee on Professional
Activities of the Blind of the Association for Computing .
Machinery (63-71); Chairman, Ad Hoc Committee on Accreditation,
Association for Computing Machinery (66-67); Committee on
Radiation Dosimetry, American Association of Physicists in
Medicine (66-69); National Lecturer for Association for )
Computing .Machinery (72-3, 75-6).

EDITORIAL ACTIVITIES
Associate Editor - Canadian Journal of Statistiecs (73-78);
Editorial Board - Canadian Occupation and Health Journal (84-
86) and International Journal of Biomedical Computing (69— ):
Computers and Applied Mathematics (73-85}, Humanist in Canada

(73-83) - 1000140
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GOVERNMENT AND OTHER SERVICES (Consultant/Advisor, Now and Previous)
In Canada: Treasury Board, Labour Canada, Canadian Standards
Board; Department of National Revenue:-Quebec Department of
Consumer Affairs: Environment Canada, The Royal Commission
(B.C.); Consumers Association of Canada; Society for
Professional and Environmental Control. In the U.S.: NIH;
PHS:; EPA; FTC; FDA; NSI; OSHA; SRA; U.S. National Academy of
Science/National Research Council; American Lung Association:;
Natural Resocurce Board (Wisconsin); Environmental Defense Fund,
MECCA (Minnesota): Citizens Against Toxic Sprays (Oregon). 1In
Kuwait: Ministry of Health. In the Socialist Republic of
Vietnam: Ministry of Health.

PROFESSIONAL SOCIETIES:
can. Inf. Proc. Soc.; Can. Comp. Sci. Assoc.; Assoc. Comp.

Machinery; Amer. Math. Assoc.:; Math. Soc.; Inst. Math. Stat.;
Amer. Stat. Assoc.; Biometric Soc.; N.Y. Acad. Sci.; Amer.
Assoc. Phys. Med.:; Int. Epidem. Assoc.; Soc. Epid. Res.; Amer.
Assoc. Adv. Sci.; Amer. Coll. Epid.

HONORS AND AWARDS: )
Fellow, Amer. Assoc. for Advancement of Science; Fellow, Amer.

College of Epidemiology; Fellow, Amer. Stat. Assoc.; Fellow,
Can. Com. of Scientists and Schelars; Sigma Xi; Pi Nu Epsilon,
University Research Professor (1980-1981}.

Published 8 books and approximately 300 scientific articles.
Bibiliography available upon request.
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BEFORE THE STATE OF CALIFORNIA
AIR RESQURCES BOARD

RESPONSE TO:
SUBMISSION BY THE FORMALDEHYDE INSTITUTE, INC.'S COMMENTS
SUBMITTED BEFORE THE STATE OF CALIFORNIA AIR RESOURCES BOARD

("Comments Regarding Draft Document On Proposed
Identification Of Formaldehyde As A Toxic Air Contaminant")

By Theodor D. Sterling and James J. Weinkam
Simon Fraser University, Burnaby, B.C., VSA 1S6

June 14, 1991
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In A Preliminary Draft Document, the California Air Resource
Board marshalls evidence for a npProposed Identification of
Formaldehyde as a Toxic Air Contaminant" (February, 199;). The
Formaldehyde Institute, Inc. (a not-for-profit corporation whose
membership consists of firms and trade associations representing
all phases of a formaldehyde industry) submitted extensive
comments and submissions by a number of scientists to that Air
Resource Board Draft Document (Formaldehyde Institute, Inc.,
1991). Comments regarding the Draft Document (on Proposed
Identification of Formaldehyde as A Toxic Air Contaminant)
disputed our findings concerning the association between
formaldehyde exposure and lung cancer. The Formaldehyde
Institute, Inc.'s submission also included special critical

' assessments of our work by a number of individuals including W.R.
caffey; R.W. Morgan and O. Wong; M. Suh; G.M. Marsh, R.A. Stone,
and D. Henderson; as well as by a reviewer who did not include
his/her name (appended as Tab 14 in Formaldehyde Institute, Inc.,
1991). These multitudinous comments are summarized by the
Formaldehyde Institute's submission in eight "key points"™ on
pages 38 and 39 of that document.

We respond here to these comments. —-
DOES THE HEALTHY WORKER EFFECT INCLUDE CANCER?

One basic issue on which conclusions about the ‘carcinogenicity of
formaldehyde appears to hinge, is whether or not the Healthy
Worker Effect includes cancer. ' o

That question is one of the key points of the Formaldehyde
Institute's submission.

»Sterling’s insistence on a healthy worker effect for
cancer does not comport with the published
literature".*

This key point not only summarizes one of the fundamental
problems in the investigation of the carcinogenicity of
formaldehyde as it emerges from the Blair et al reports (1986,
1989, 1990) but it is a fundamental issue with which all cohort
studies of occupational carcinogens must deal. If the prevalence
of cancer among employed individuals is indeed significantly and
substantially-less than it is among the general population, then
it would not be valid to compare cancer mortality among employed
persons with that of the general population - or, more precisely,
use the general population as a standardizing referent for
relative risk calculations. Rather, investigations of

* The Formaldehyde Institute's use of "Sterling" is meant to
imply "Sterling and Weinkam". It is never made clear why Dr.
Weinkam's name is consistently deleted.
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environmental or industrial carcinogens would have to base their
conclusions on within cohort comparisons of workers who differ by
exposure levels, or at least incorporate a correction for the
Healthy Worker Effect. '

The Healthy Worker Effect is generally recognized as an important
source of Lias or confounding. It arises because persons who are
employed come from a class of individuals who are sufficiently
healthy to obtain and hold employment. The general population
however includes not only those who are employed but also those
who are not. The later includes many who do not seek employment
or have ceased working for reasons of health. Mortality is
higher among the later than among the former so that the
mortality of the total general population (or that residing in
‘the larger region where an investigated occupational group lives)
can be expected to be greater than that of a sample of employed
individuals, that is, providing these employed individuals are
not at some occupational risk.

The Healthy Worker Effect is easily recognized. It occurs when
the Standardized Mortality Ratio (smr) computed with the general
population as the referent is appreciably less than 16 (or, as
it is sometimes given, less than 100). If persons who are
employed come from a class of individuals who suffer less from
cancer than those who are unemployed, then the Healthy Worker
Effect will extend to the disease category of Cancer. Whether
the Healthy Worker Effect does or does not include cancer can be
easily determined by reviewing observed smrs for cancer in
different studies.

We have done such a review and refer to our paper in New Risks.
(Sterling and Weinkam, 1990). Table 2 of this report (reproduced
here) lists the smr for All Causes and All Cancers reported by a
number of studies between 1974 and 1985 that assess the effects
of known or suspected carcinogens (dioxin and furans, metals,
organic chemicals and solvents, polyaromatic and miscellaneous
hydrocarbons, petrochemicals, PVC, radon, and rubber).* Smrs for
All Causes were as low as 0.55 and were significantly lower than
1.0 in 32 out of 59 studies or in approximately 54% of them. Not
a single one of the point estimates of smr for All Causes was as
large as 1.0 and only 10 were .9 or greater. This clearly
demonstrates that employed individuals have a lower mortality
ratio from All Causes than does the general population.

More to the point for the issue under discussion here is that a
similar Healthy Worker Effect is observed for the smrs for All
Cancers. 17 of all smrs for cancer, or 29% of them, were

* Our paper is also included as an Appendix.
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Table 2. SMR’s for ALL CAUSES and ALL CANCERS Froma Sampic From Occupation

Health Studics of Working Popuiations Exposed to Known Carcinogens

SMRfor  SMR for

All All
Exposure Reference Causcs Cancers
DIOXINS & FURANS Brown & Joncs (1981) 0.89 0.89
Qu et of. (19803) 0.54* 0.28*
Riihimaki (1982) 0.78* 0.71*
Zack & Suskind (1980) 0.69* 1.00
METALS Axclson ef ai. (1980) 0.99 _ 090
Cragle ef al. (1984) 0.85* 0.94
0.89* 1.10
~ Elinder e1 ol. (1985) 092 1.15
Enterline & Marsh (1982) 0.84 1.03
. 0.82* 1.03
Godbold & Tompkins (1979} 0.75 0.94
Haycs e af. (1979) 0.92 1.02
.Lemen et al. (1976) 093 1.54*
ShelTet er al. (1982) 0.68* 0.85
Wong et al. (1984) . 0.88* 1.02
ORGANIC CHEMICALS Aldersoa & Ranan (1980) 0.83 0.91
& SOLYENTS Hoar & Pcll (1981) 0.82* 0.69
047* 0.50*
Kawz & Joweu (1981) 0.80 1.00
Ot er al. (1980b) 0.7 036 -
098 0.8S
Pasternack et al. (1977) 0.66* 123
Polednak (1980) 0.86 0.94
Wang & MacMahon (1979) 072 082
POLYAROMATIC & Jarvholm et al. (1981) . 0.82° 0.65°
MISCELLANEOQUS Olin & Ahlbom (1982) . 0.89* 1.32
HYDORCARBONS Olin (1978) 093 1.89*
0.28 1.63*
Paganini-Hill ¢t al. (1980) 0.9 0.98
Rockeue & Arena (1983) 0.99 091"
Werner & Caner (1981) 0.90 1.10
Wong et ol. {1985) o081 093"
PETROCHEMICAL Alderson & Rushion (1982) 0.84¢ 0.89*
o Austin & Schoatier (1983) 0.80* 0.87
Decouflc (1978) : 0.80° 1.05
Divine el of. (1985) 0.75 0.75
Hanis &1 al. (1982) 0.92* 092
Rushion e! al. (1983) 084" 0.95
Rushion & Alderson {1980) 0.84* 0.89*
Schotenfeld et af, {(1981) 055" 0.72=
Therisuit e1 af. (1979) 0.78* 0.89
Waxwciler e1 of. (1983) 0.80* 0.81*
Wen er el (1981) 0.88 0.96
Wen et al. (1985) N 0.8
PVYC Fox & Cotllier (1977) 075 - 0.90
. Heldaas et of. (1984) 0.84* i.l4*
Tabershaw & Galley (1974} 0.75* 1.10
RADON Beral eral {1985) - 0.76 0.79
Checkoway ef al. (1985) 0.73* Q.78
Gilbert & Marks (1979) 0.15 0.85
Hadjimichacl et of. {1983) 0.82° 0.85
Smith & Doll (1981) 0.82* 0.82°
Staynerer al. (1983) 0.85* 0.76
RUBBER. Dekeell e al, (1981) 0.89 0.96
Delzell & Monson {1981) 0.87 0.96
Delzell & Monson (1982) 0.88 1.04
Fox & Collier (1976) 0.98* . 1.16*
Monson & Nakano (1976) 0.65* 0.73*
McMichaei ef al. (1974) 099 1.03

“Tndicatcs sausucal sigmlicant, as repored, with p equal 1o of less than 0.05 at Jeasc

Reproduced from Sterlin&ﬁ'ﬁﬁ.gcam, 1990, pg. 590.
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significantly less than 1.0 while only two of them, 3%, were
significantly larger than 1.0. In fact, one of the smrs for All
Cancers was as low as 0.28, indicating that in one study :
individuals working with dioxins and furans had 28% the cancer
mortality of the general population.

These results coincide with our study of mortality among 250,000
U.S5. veterzns (Sterling and Weinkam, 1980) and also with those of
others (see for instance Seltzer and Jablon, 1974).

Surely the large number of small smrs observed for All Cancers
among workers exposed to demonstrated or suspected carcinogens is
not due to the action of these carcinogens. They belong to a
Class of observations to which the name Healthy Worker Effect has
been affixed. Very often this term is not used. Rather
investigators refer to a "deficit" among the studied population.
However whether we call it a deficit, a Healthy Worker Effect, or
by any other name, it does indicate a major bias or confounding
that applies to cancer just as it does to other diseases. This
deficit or Healthy Worker Effect is real, obviously holds for
cancer, and makes it very difficult to interpret the significance
of estimates of relative risk based on mortality rated-
standardized on the general population.

Adjusting for the Healthy Worker Effect

The concern with Blair et al is that they standardized smrs to
the general population. Yet they do observe a Healthy Worker
Effect - in fact, they repeatedly refer to a "deficit" in
mortality. We obtained and reanalyzed the Blair et al data,
relying solely on internal comparison between high and low
exposed subgroups of Blair et al's subjects. oOur reanalysis was
hampered by some nisunderstandings about classification of
workers in the data file we obtained from Dr. Blair as well as by
some programming difficulties. However, our final analysis was
presented in the Journal of Occupational Medicine, in 1989.

Table Three from our 1989 discussion reproduced below summarizes
the outcome of the Categorical Analysis for simultaneously
evaluating the effects of cumulative exposure (CX}, length of
exposure (LX), job type (JT) and age of mortality on cancers of
the respiratory system. The headings for Tables 3 and 4 should
read respiratory cancer, not lung cancer. It had been our
intention to show the results for lung cancer in Table 3 but the
result for all respiratory cancers were inadvertently published.
However, the facts that errors were committed are regrettable but
not as important as the final results of the corrected analysis
that shows the association of formaldehyde exposure and the
significantly elevated relative risk for respiratory cancers.
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TABLE 2

summary Of Categorical Analysis For Simultaneously Evaluating the
Effects of Cumulative Exposure (CX), Length of Exposure (LX), Job
Type (JT), and Age on Mortality from Lung Cancer {reproduced from
Sterling and Weinkam, 1989, page 883.)

Factors Estimate of 90%CIX 95%CI
Risk Ratio

CX,ppm

<0.1 1.00

0.1-0.5 1.21 0.89-1.64 0.84-1.74

0.5-2 1.1% 0.83-1.70 0.78-1.83

2+ 1.56 1.03-2.36 0.95-2.56
X, yr

<1 1.00

i-5 0.77 0.55~1.06 0.52-1.13

5-10 0.68 0.44-1.06 ©.41-1.15

10+ 0.73 0.49-1.07 0.45-1.16
JT

Salaried 1.00

Hourly 1.61 1.19-2.17 1.12-2.31
Age, yTr

<40 - 1.00

40-55 11.10 6.39-19.26 5.74-21.45

55+ 67.44 39.51-115.13 35.59-127.79
Log likelihood

art 79

P >.98

When the relative risk of the lowest cumulative exposure group
(receiving liess than 0.1 ppm over their length of exposure) is
taken as 1.00, an increasing relative risk ratio emerges which is
significant for the highest level of exposure.

When cumulative exposure coefficients are considered
individually, only the coefficient for high exposure approaches
statistical significance. However, more important than
individual confidence intervals is the analysis of trend for lung
cancer risk with increasing level of exposure. To evaluate this
trend, we applied the method of trend analysis of the coefficient
of a log-linear model given by Rothman (1986, Chapter 16). Using
scores of .3 ppm, 1.25 ppm, and 2.5 ppm for the three cumulative
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exposure groups, the relative risk of a high cumulative group
estimated from the fitted trend line is 1.53 with 95% confidence
interval (1.02, 2.27) for all workers and 1.62 (.99, 2.65) for
workers under 65 years of age. This indicates a significant
trend of increasing lung cancer risk as a function of exposure.
Trend ‘analysis evaluates the pattern of change and so, according
to Rothman. estimates a single overall measure of a trend in
effect ratiie: than a set of separate effect estimates. (Rothman,
1986, page 336) A significantly elevated lung cancer risk for
workers younger than 65 with high levels of cumulative exposure
also merits special attention. It indicates a shift of lung
cancer mortality towards younger ages among those occupatlonally
exposed to formaldehyde.

"HOW VALID IS THE FORMALDEHYDE INSTITUTE, INC.'S
CRITICISM OF STERLING AND WEINKAM?

The Formaldehyde Institute, Inc. submitted a number of reviews of
Sterling and Weinkam's work. Many of the statements and analyses
made by these reviewers based on older versions of our-
manuscripts some of which had been circulated for review others
had been submitted as discussion papers to Canadian and U.S.
agencies. These many objections have been summarized by the
Formaldehyde Institute, Inc.'s submission to the California Air
Resource Board and we shall limit our discussion to those key
points.

The most important of these Xey points, pertaining to the Healthy
Worker Effect has already been discussed. We will now turn to
the remaining key points of the Formaldehyde Institute's
discussion. -

"Sterling’s reanalysis ignores the increased rate
of lung cancer in the general population since World
War II principally as a result of smoking. Sterllng s
failure to make this correction for time trends in
respiratory cancer casts doubt on the validity of his
observations of increased risk, given that lung cancer
has doubled in the U.S. over the past 40 years. NCI
took into account changes in lung cancer study
analysis.

Blair et al (1986} computed smrs using the general population as
the referent. Since the follow up period spanned many years it
was necessary to take the changing general lung cancer death rate
into account.

The Sterling and Weinkam reanalysis computed relative risk of

more exposed to less exposed workers. Within the study plants
person years at risk were accumulated at all levels over the
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entire follow up period. Since duration of exposure was also
taken into account it is unlikely that calendar time would have
any effect on the ocutcome.

ngterling does not adeguately support his two methods
of analysis —- a categorical log-linear analysis and a
Mantel-Haenzel analysis. The categorical log-linear

- model does not adequately fit the data, and there is no
comment on whether the Mantel-Haenzel model fits the
data. It appears that Sterling did not control for sex
or race in the Mantel-Haenzel analysis. In both cases,
Sterling failed to perform a trend test to show whether
there was a significant trend."

The log-linear model described in our final 1989 discussiopn and
reproduced here fits the data very well. Log likelihood X¢ for
goodness of fit = 53.56 for 79 d.f. (p > .98). :

Separate analysis for white males gives similar results.
Rothman's test for tread in the coefficients of the log-linear
model shows a significant trend. —-

nsterling’s analysis inexplicably concludes that the
shorter the duration of exposure, the greater the
likelihood of cancer risk. This suggests that the

 observed cancers likely are due to a cause other than
formaldehyde."

This is not inexplicable at all. Our findings are:

1) Among those with the same cunulative lifetime exposure,
the longer the time period over which that exposure was
accumulated, the lower the relative risk. This makes sense
because the average level of exposure would be lower for
those who accumulate a given amount of exposure over a long
period of time than for those who accumulated the sanme
amount of exposure over a shorter time period.

2) Among those who accumulated their total exposure to
formaldehyde over the same amount of time, the higher the
cumulative exposure, the higher the relative risk. Again
this makes sense, because those with higher cumulative
exposure must have a higher average level of exposure.

»Sterling arbitrarily selected his exposure categories
to maximize support for his theories.”

This is not true. The exposure categories in our final 1989

analysis are identical to those used by Blair et al for intensity
of exposure and similar to those used for cumulative exposure and
were chosen for that reason. We used 2.0 ppm rather than 5.5 ppm
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as does Blair and Steward (1990) as the lower limit of the
highest category of accumulated dose because when length of
exposure was also considered, there were very few person years of
observation with high cumulative exposure and short length of

exposure.

»Sterling mischaracterizes the results of essentially
negative epidemiolégy studies as providing evidence of
carcinogenicity, and he improperly tries to explain
away negative studies.” .

We are not aware of having mischaracterized negative studies or
improperly tried to explain away negative results nor does the
Formaldehyde Institute furnish examples.

#Sterling’s classification of hourly and salaried
employees is simplistic, incomplete and selective.”

In our published analysis, we used the hourly vs. salaried :
designation as recorded on the data tape provided by Blair et al
(1986). The flaw is then of Blair et al? :

nSterling uses confusing terminology and does not
adequately explain the methods used or the raw data,
which appears to differ significantly from the NCI
data."

No example of confusing terminology or inadequate explanations
are given. We are not aware nor does the Formaldehyde
Institute's Draft specify where the data we used differs in any
way from the NCI data of the Blair et al study. Insofar as we
used a taped copy of the Blair et al data, that last key point
makes very little sense.

GENERAL COMMENTS

Although our published paper’ and, our subsequent correction of an
error in counting deaths (Sterling, 1989) is cited by the
Formaldehyde Institute, Inc.'s submission in footnote 41, much of
the discussion seems to relate to earlier, unpublished drafts.
The numerous submissions about our work (in Tab 14) refer to
preliminary analyses which were circulated for comments and
critical evaluation. The analyses published were extensively
revised. The Formaldehyde Institute's response claims that our
report "has led to further evaluation of the NCI data". We
seriously doubt that our report influenced Dr. Blair to do
anything but his usual thorough analysis.

In his latest and extensive additional analysis published in
1990, Dr Blair examines virtually every conceivable measure of
exposure in search of a dose response trend. However, in
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considering cumulative exposure anc length of exposure
simultaneously (1990, Table VI, p. 691) he uses only 2 levels of
duration (< 1 year and 2 year) and a high lower limit (5.5 ppm -
" years) for the highest cumulative exposure category. As a
result, there are no data for high exposure and short duration
and there were an inadequate number of points to measure an
association. When this shortcoming is correcteq, elevated smrs
for lung cancer reaches borderline significance for all ages and
are statistically significant for ages younger than 65.

on the other hand, we used four levels of duration, and our )
highest cumulative exposure category includes 2.0 ppm - years and
up (1989, Tables 3 and 4, Pp. 883). As a consegquence, our
management of the data ensures an adequate number of observations
for all combinations of exposure and duration. Also we have
already pointed out, trend analysis of the coefficients for
cumulative exposure show a significant dose response trend. The
differences between our results and Blair et al's might well be
due to our inclusion of all respiratory cancers and to
inappropriate grouping of data by Blair et al.
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on the Preliminary Draft Part A
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A)

B)

Chevron Environmental Health Center, Inc., March 26, 1991

1. Comment: The Air Resources Board (ARB) should consider extending the
comment period on future drafts of this document.

Response: 77e ARB toxic air contaminant identification SRP process for
formaldehyde -~egan with the Request for Information from the public on
November 10, 1987 and a formal request to DHS to review the health .
effects on March 24, 1988. There will have been two public comment
periods: a 45 day preliminary draft report comment period (February 20
through March 27) and a 30 day draft report (SRP version) comment period
(September 13 through October 15) prior to the October 22, 1991 SRP
meeting. There was also a public workshop held during the preliminary
draft comment period (April 3) to solicit comments. Should the SRP
approve the report, there will also be a 45 day comment period on the
final draft report before it is considered by the Board. We feel that
this process, comment periods, and the workshop allow the public
sufficient time to review and comment on the reports.

Hardwood Plywood Manufacturers Association (HPMA) and National
Particleboard Association {NPA), March 26, 1991

1. Comment: HPMA and NPA comment that the Executive Summary in-home
exposure time segment (62% or 14.9 hours) is overstated relative to the
out-of-home exposure time segment (38% or 9.1 hours) of the 24 hour day.

Response: The table in the Executive Summary “Excess Potential Cancer
Cases For California Exposure” has been changed to reflect a more
realistic average daily exposure to formaldehyde indoors and outdoors.
The out-of-home exposure estimate is no longer based solely on outdoor
concentration data but has been split into an "Indoors - Away From Home"
segment and an “Outdoors® segment. We have used recent data concerning
Californians' activity patterns to apportion time spent in the different
exposure locations. The new “Indoors - Away From Home® segment uses the
best available indoor concentration data obtained from offices and public.
buildings in western states.

2. Comment: The out-of-home average statewide formaldehyde exposure of
4.4 ppbv, weighted by populaticn, is significantly lower than other
reported values made by other jnvestigators for urban areas (i.e. CARB
Part A, Table IV-3). Several studies show that formaldehyde
concentrations found in urban areas are significantly higher than the
statewide ambient average concentrations of formaldehyde. It is not
likely that the large difference (by a factor of 2 to 12) can be
explained only by differences in sampling times, and the time of day that
the samples are taken.
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Response: Our ambient data are used to determine statewide annual
averages and overall exposure. These 24 hour average, composite data
taken over an entire year predict a more accurate annual average exposure
than short-term studies. However, short-term studies mentioned in the
report will show maximum exposure tevels at different periods of the day
and "hot spot" exposures. These short-term studies mentioned in the
report (pg. A-35) tested concentrations in the South Coast Air Basin
{SoCAB) during daytime hours and showed that higher than ambient air
concentrations are a result of possibile early morning emissions from
motor vehicles and/or afterncon photochemical reactions involving
formaldehyde.

3. Comment: The in-home exposure assessment (as compared to the outdoor
ambient data) relies on older data. There has been emphasis on reducing
building product formaldehyde emissions from CPSC, EPA and HUD and also
recent voluntary product standards that were not accounted for in the
report. Since ARB uses older data before those standards for pressed
wood products were implemented, then it is likely that there also has
been significant reductions for in-home formaldehyde exposures. -

Response: Formalidehyde emissions from pressed-wood products declined
several! years before the 1984 HUD emission limits were imposed due to
advances in manufacturing techniques and competition within the industry.
There is evidence that emissions declined markedly as early as 1982,
including information presented by the Formaldehyde Institute during the
April 3, 1991 workshop which showed steep reductions in particleboard
emissions beginning in 1982. The exposure est imates were based on the
best and most recent indoor concentration data available. Thoses data
were obtained from studies conducted between 1983 and 1986 (Table Iv-7,
page A-50 and Table IV-8, pages A-53 and A-54) and thus reasonably
reflect some of the large emission reductions that have occurred since
the 1979-1981 period. Also, those data include older homes which
presumably would have off-gassed most of the formaldehyde from their
original building materials. ’

4. Comment: In respect to old data, the publication by CARB of the 1983
table from Pickrell {Page A-44; Table IV-5) is misleading, vastly out-of-
date, and irrelevant in respect to current pressed wood products.
Pressed wood product emission standards established by the U.S.
Department of Housing and Urban Development (HUD) represent products with
much lower emission rates than were available in the early 1980's as
shown in CARB Table 1V-5. Formaldehyde emission rates have aiso
decreased for other listed products such as textiles and paper products,
and UFFI has no relevance for new manufactured or conventional home
construction.

Response: We concur that the sum of the emission rates listed in Table
IV-5 may be somewhat higher than current rates; however, that table was
intended to show relative emissions from different products. The utility
of the information in the table {5 that the measurements for the
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different products were made under similar conditions. Those numbers
were not used in the calculation of our exposure estimates. We are
unaware uf any evidence that shows that relative emissions of the
different products have changed significantly. We have noted on page A-
45 in the document that UFFI is not used in new homes; however, many
homes stii‘ have UFFI in them. Also, we have deleted "Typical” from the
title of Taule IV-5 and have added footnotes to the table to reflect this
comment.

R. Comment: The sample size (64 homes) in the SAI report is inadequate
to use in the exposure assessment and the data from that study show some
unusval results. '

Responsa: The ARB did not rely solely upon the SAl study as the basis
for the exposure estimate (see pg. A-48). We also looked at data
gathered from a number of studies of conventional homes conducted in
California and in other areas of the United States (Table IV-8).

Although California data were emphasized, data from other parts of the
country, even from more recent studies with larger sample sizes, were
generally comparable with the California data. There is no evidence that
the SAI results are unusual. Also see response to comment no. 3
regarding the use of older data.

6. Comment: The exposures for the in-home segment have been overstated
and for the out-of-home segment have been understated.

Response: See the response to comment no. 1.

7. Comment: Assuming that outdoor formaldehyde exposures can be used as
an adequate surrogate for out-of-home exposures there is sufficient data
which indicates that the 9.1 hours {38% of the time) that people spend
out of the home would rcughly coincide with the highest outdoor
formaldehyde levels because of daylight hours (photochemical oxidation)
and motor vehicles. Formaldehyde concentrations would also reach peak
levels during daylight hours due to higher temperatures. Since these
diurnal variations were not accounted for, formaldehyde exposures have
been overstated for in-home exposures and understated for outside the
home exposures.

Response: We did not use peak concentrations to caiculate our risk
estimates; instead we used a population-weighted annual average outdoor
exposure and average indoor exposures. There are no representative
measurements of diurnal variations of formaldehyde concnentrations inside
California homes, and thus there is no evidence that peak indoor
concentratiens occur during daylight hours. Indoor formaldehyde
concentrations are influenced not only by temperature, but also by other
factors including ventilation and humidity. For example, in the large
Catifornia mobile home survey (see page A-49), formaldehyde levels inside
homes in Northern California were lower in the summer than in winter,
possibly due to more opening of windows in the summer and/or decreased
humidity (see ARB Technical Report ARB/RD-90-01).
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8. Comment: The studies used by CARB (Sexton et al. and Rogozen et al.)
contain little or no information on UF-bonded building materials although
CARB states in several parts of the report that building materials made
with urea-formaldehyde resins are the largest source of formaldehyde
indoors.

Response: The studies we used to estimate indoor exposure were not used
directly to draw conclusions regarding the sources of indoor
formaldehyde; they were used to estimate average indoor concentrations..
However, indoor concentration data from a variety of studies viewed in
combination with source emissions data strongly implicate pressed wood
products as the major contributors to indoor formaldehyde concentrations.
For example, laboratory studies on pressed wood products have shown that
increasing the load factor (the ratio of a source's surface area to the
indoor air volume) will increase the formaldehyde concentration. In
paraliel, mobile homes contain a large amount of highly-emitting pressed
wood products in a small air space and also tend to have high indoor
formaldehyde concentrations. As another example, laboratory studies have
shown that new pressed wood products tend to emit more formaldehyde than
do older sources. In parallel, new homes (with new building materiais)
tend to have high indoor formaldehyde concentrations. Also, in-home
measurements have generally ruled out the relative importance of some
other potential formaldehyde sources. Several studies have found that
cigarette smoke and combustion appliances do not appear to affect the
average indoor concentration significantly. (See ARB Technical Report
ARB/RD-90-01.)

9. Comment: The primary basis for making statements regarding the
contribution of pressed wood products appears to be the 1983 Pickrell
paper, which is outdated. Newer products have less emissions and have
likely become less important than other indoor formaldehyde sources.

Response: The statements regarding the relative importance of pressed
wood products were not based solely on one paper, but on an overview of
indoor concentration and source emissions data. See the response to the
previous comment and to comment no. 4.

10. Comment: The emission rates listed in Pickrell are essentially
initial emissions and do not account for "emission decay” from UF-bonded
wood panels. As a result UF-bonded wood products probably contribute
little to formaldehyde levels in homes built before March 1980.

Response: It is important to stress that the emission rates listed in
Table 1V-6 were not used in calculating our exposure estimates. Our
exposure estimates were based on indoor concentration data obtained from
samples of homes of all ages, including older homes. We agree that the
formaldehyde emissions decrease as products age and that the original
building materials would generally contribute less to indoor formaldehyde
levels in older homes. However, there is also a need to recognize that
pressed wood products can still be the major source of elevated
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formaldehyde levels in older homes when new materials are brought into
the home as a consequence of remodeling or purchasing new furnishings.
While we mention that the age of a source is a factor that influences

formaldehyde concentrations in indoor air (page A-47), we have added a
footnote Y~ Table IV-5 that addresses the comment.

General Motc-3, March 27, 1991

1. Comment: The discussion of the direct emission of formaldehyde
and the formation of formaldehyde from photochemical oxidation of
hydrocarbons in the Executive Summary includes estimates in "tons per
year" but the estimates are not referenced to a given year.

Response: The direct emissions of formaldehyde are based on the 1987
Emission Data System (EDS) estimates. This data has been added to the
Executive Summary.

2. Comment: The CARB regqulatory program for hydrocarbons has been
reducing the emissions of both direct formaldehyde emissions and
formaldehyde precursors for many vears. The Executive Summary should
address this.

Response: According te the ARB motor vehicle inventory, there has been a
slight reduction in organic emissions from on-road vehicles, a slight
increase in emissions from off-road vehicles with an overall decrease in
emissions since 1987. This statement is included in the revised version
of Part A (see pg. A-15).

3. Comment: ARB should use data from the Auto/0il Air Quality
Improvement Research Program to estimate future TOG and formaldehyde
emissions from motor vehicles.

Response: The Auto/0i] data evaluated by ARB was used to create models
for the effect of varying the properties of gasoline upon toxic emissions
in exhaust. The models will only predict relative changes in emissions
due to these variables in fuel content, thus, estimating future emissions
may not be correct if one of these variables are changed or another fuel
source is used.

4, Comment: The Executive Summary table “Excess Potential Cancer Cases
For California Exposure" overstates the risk from outdoor exposure to
formaldehyde, and should be revised to include additional categories of
office and public bu11d1ngs and rural area exposures,

' Response: That table has been changed to reflect a more realistic

average daily exposure to formaldehyde, which includes exposure inside
offices and public buildings. See the response to the Hardwood Plywood
Manufacturers Association and the National Particleboard Association
comment no. 1.
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5. Comment: The sources of personal exposures and risk are much more
important than outdoor exposures to formaldehyde emissions from mobile
sources.

Response: The preliminary draft provides a detailed discussion of both
jndoor and outdoor exposures. It appears that the majority of direct
outdoor emissions still come from mobile socurces. In addition, results
from the 1987 SCAQS regarding the diurnal patterns of ambient .
formaidehyde concentrations in relation to other primary and secondary
pollutants indicate that direct emissions from motor vehicles are the
major source of ambient formaldehyde in urban areas during early morning
hours. For a more detailed explanation refer to pg. 33 of the Part A
document.

6. Comment: GM is concerned that risk from smokihg in offices and
public buildings may be a much more important source of exposure than the
- outdoor environment.

Response: The effect of smoking on formaldehyde concentrations inside
offices and public buildings is very uncertain due tc the lack of
available information. We do not believe that smoking would be of
primary importance in those environments though, because the average
formaldehyde concentration in homes does not appear to be elevated
significantly by the presence of smokers (see pg. A-47 of the report).

7. Comment: Lofroth et al., (1989) measured formaidehyde in
environmental tobacco smoke (ETS) in expegimental chambers and the air
in a tavern at levels as high as 104 ug/m”. Since people spend a
significant fraction of their “"out-of-home” time in taverns, this
exposure and risk should not be ignored. -
Response: It is not known whether ETS contributed significantly to the
formaldehyde concentrations measured by Lofroth et al, inside the tavern,
since no control measurements were made without smokers present. With
respect to estimating exposures inside offices and public buildings, the
revised assessment uses the best availablie indoor concentration data
obtained from studies of those buildings conducted in western states.
Those data are more representative of concentrations in offices and
public buildings than the two individual measurements performed by
Lofroth et al. in one tavern.

8. Comment: The population in urban areas should be used in assessing

the risk in the urban environment and exposure to formaldehyde should be
estimated for the rural population.
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Response: The ARB air toxics ambient netwerk represents a population
of 20 million, most of which aré in urban areas.

9. Comment: Time spent outdoors should take inte account new data on

human activity and behavioral patterns (Ott, 1988).

Response: ©Our exposure assessment uses data regarding the activity
patterns of Californians obtained from an ARB-funded study conducted
statewide in 1987 and 1988 (ARB contract no. A6-177-33). These are the
best and most recent data available, and are representative of the
activity patterns of Californians.

Timber Association of Lalifornia, April 4, 1991

1. Comment: Both in the staff report and during the workshop, it was
suggested that there are expected to be "hot spots" near "wood processing
facilities”. The term “"wood processing facilities" gives the impression
that all facilities handling wood, such as sawmills, remanufacturing
mills etc. are potential “hot spot"” sources. We believe that what is
meant are facilities producing reconstituted wood products. We request
that this be clarified in the report and that appropriate terminology be
adopted,

Response: The term “"wood processing plants” has been changed to read
“facilities producing reconstituted wood products” in the Executive
Summary and draft report.

2. Comment: . The ARB air toxics monitoring network is oriented to urban
exposure. Consequently, none of these monitoring sites are near
reconstituted wood products faciiities. Thus, the statements about
potential wood products “hot spots” are entirely conjectural and have no
supporting basis.

Response: We agree the ARB's toxic monitoring network does not indicate
"hot spots." The discussion provided in the report is based on emission
estimates from these types of sources. We plan to prioritize and
estimate "hot spot” exposures in the control phase when formaldehyde is
identified as a toxic air contaminant.

3. Comment: The 1987 SARA Title III data used in the report is clearly
erroneous. We believe the two wood processing facilities in question
have emissions to be some 10 times Tower, from 111 TPY to 12 TPY. We are
currently collecting information on formaidehyde emissions from
reconstituted wood products facilities and will provide this information
to ARB staff for incorporation into the report.
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Response: As soon as this information is provided and quality checked,
we will make the appropriate corrections. For now, we have adjusted and
used updated 1989 SARA Title III numbers for estimates from these
facilities (see pg. A-B). :

Formaldehyde Institute, March 26, 1991

i. Comment: The preliminary draft document uses out-of-date residential
exposure data from the early 1980's. Since then, voluntary efforts by
manufacturers and standards sent by the Department of Housing and Urban
Development (HUD, 1985) have reduced formaldehyde emissions from various
products including urea-formaldehyde {UF) bonded products, textiles and
fabrics.

Response: See response to HPLA & NPA comments 3 and 4.

2. Comment: In-home exposures are overstated relative to outdoor
exposures. The preliminary draft document relies on relatively new
atmospheric data {1988-1989), while the indoor exposure estimates are
based on early 1980's data. Both atmospheric {outdoor) formaldehyde
levels and in-home levels have likely declined since the early 1980's.
Moreover, outdoor levels are high when most people are out of the home
during daylight hours. Neither the Sexton, et al. study nor the Rogozen,
et al. study relied on in the preliminary draft document describes homes
with products with low formaldehyde-emitting characteristics.

Response: See response to HPLA & NPA comments 3, 7, and 9; also General
Motors comment #4.

3. Comment: Formaldehyde emissions from wood products in the home decay
significantly over time. Recent data indicates that initial emission
level from particleboard decreases by half in one year or less {Zinn et
al.). After one year, wood product emissions further decrease, but at a
more moderate rate. Thus, UF-bonded pressed wood building materials make
little or no contribution to formaldehyde levels in the older California
housing stock (10 years or older).

Response: See response to HPLA & NPA comment 11.

Peter Barrett Consultants, March 28, 1991

1. Comment: Dr. Barrett comments based on the results of the Essex
Survey of background concentrations of formaldehyde, standards should not
be any tighter than his proposed levels.

Response: The identification of formaldehyde as a toxic air contaminant
will not result in the establishment of health protective standards,
These standards are not the responsibility of the ARB and are the result
of other regulatory agency actions.

00161



II1.

DHS Staff Summary of Responses and Comments
on the Preliminary Draft Part B
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Response to Comments: CHEVRON

The following characterizations of the health- oriented comments quote
only the headings of the actual text.

1. Comment: "ARB should ask DHS to update their cancer risk assesement to
compare the most recent EPA analysis (1990) with their own."

Respopse: OEHHA staff discussed the U.S. EPA analysis with U.§. EPA
staff. The U.S. EPA documents have been considered by OEHHA staff in
preparation of the health assessment document. The DHS Draft Docunment
did not discuss the U.S. EPA analysis because that document is clearly
labeled as "an external review draft for review purposes only" The
OEHHA staff’'s present responses to comments of the Fomaldehyde Institute
and their consultants, Drs. J. Swenberg and T. Starr, discuss the
differences. In brief, the revised version of the document now contains
a dosimetrically adjusted contact scaling factor using the monkey data as
well as the original purely allometric (generic) contact scaling factor.
The case for the dosimetrically adjusted scaling factor is weakened by
lack of knowledge of how the monkey’s breathing may be partioned between
nose and mouth and by how efficiently humans may bind fomaldehyde,
compared to monkeys. The case for the allometric model is weakened by
the apparent discrepancy that occurs in predicting the monkey tissue data
from the rat data. So neither is used as a best estimate, but both help
define the range of unit risks.

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

Response: The meta-analysis of Blair et al. (1990), while a useful
review, has essentially no more useful quantitative information than does
the Draft Document. The Draft Document compared human predictions based
on animal studies to the data of the most appropriate human study in
order to help evaluate the usefulness of the predictions based on the
animal data. The consistency that the analysis found is agreement of
their data with the upper portion of the range of predictions in the
revised version of the document. Studies that observed less cancer are
more consistent with the revised best estimate, which is well below the
revised top of the range.

3. Cogment: "The review of Toxicity and Carcinogenicity of Formaldehyde
(page 2-2 through 2-5) should be revised to reflect the weak epidemlology
link between formaldehyde exposure and human cancer.

Response: The Draft Document characterizes the weakness of the evidence
in agreeing with the US Envirommental Protection Agency and the
International Agency for Research on Cancer, that the evidence is
“limited," as stated on page 2-5 of the draft document. The meta-
analysis of Blair et al. (1990) would actually imply that the evidence is
close to sufficient to establish human carcinogenicity by concluding for
one cancer "that it iIs is likely that the excesses of nasopharyngeal
cancer observed were caused by exposure ‘toc formaldehyde.”
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4. Comment: "ARB should ask DHS to reconsider their decision that no
threshold exists for the carcinogenic risk of airborne formaldehyde.™

Response: At page 2-22 the Draft Document concludes a discussion of this
issue with the statement "that there is a strong basis to assume that
formaldehyde does not have a carcinogenic threshold.® This statement
does not imply any decision that "no threshold exists"™. On the contrary
the context is that of proceeding in the face of considerable uncertainty
to make best estimates of risk within a background of the California
guidelines (DHS, 1985), which do "not include the concept of 'thresholds’
unless clear and convincing evidence is presented to demonstrate their
existence for a specified carcinogen in specified circumstances.” The
quantitative risk calculations estimate the excess risk, which is the
risk above background effects such as those due to endogenous levels of
fomaldehyde, referred to by the commenter and mentioned at page 2-2 of
the Draft Document. The range of extrapolation from the animal data to
human levels indoors is less than 100-fold. Furthermore, the
consideration of the dosimetric adjustment and cell proliferation
indicate that those factors do not argue for a threshold of
carcinogenicity within the range of extrapolation.
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RESPONSE TO COMMENTS: GENERAL MOTORS
Part B: Health Assessment of Formaldehyde

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

Response: As discussed in the Draft Document at page 2-22, there
is evidence of genotoxicity in several tests and of DNA-protein
crosslinks at 0.3 ppm, suggesting that formaldehyde does not have
a carcinogenic threshold in the observable range. There is
uncertainty due to the abrupt rise in risk with dose in the animal
bioassay. However, the extrapolation from experimental doses to
human levels indoors is only 80-fold. Thus, the level producing
tumors in animals is much closer to human exposure levels than for
many other chemicals. ‘

Compent: "If the DHS Staff accepts the molecular dosimetry data as

an index of a more accurgte 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."”

"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 pot 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.*

Responge: Both these quotes assert, without explaining why, that
the acceptance of molecular dosimetry somehow implies the
plausibility of a threshold or no-effect level. On the contrary
the use of the molecular dosimetry data is consistent with no
threshold, as pointed out on page 1-3 of the Draft Document. With
the additional use of the proliferation model in the revised
version the exposure response curve becomes nearly linear at
concentrations below 5 ppm. Nevertheless, the revised version has
qualified the determination on that page to state that the
evidence against a threshold outweighs the evidence for it.

The discussion of the threshold issue at page 2-22 in the Draft
Document contains an indication of uncertainty. The revised
version contains a discussion of results of using cell
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proliferation models, providing a further demonstration of
uncertainty.

Comment: "In addition, General Motors feels that the risk
assessment should include discussion on the altermative
possibility that the tumors may be product of epigenetic
mechanisms (such as an jncreased cell proliferation)...”

Response: The revised version of the document presents cell
proliferation models that include epigenetic mechanisms. As
indicated in the revised version, the risk estimates increase
somewhat when cell proliferation effect are explicitly
incorporated in the model.
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Response to Comments: FORMALDEHYDE INSTITUTE

These comments are characterized by quoting the Executive Summary and the
most relevant specific comments in the text. Numbering of comments
corresponds to the order in the Executive Summary.

(1) Summary Comment: “Although the Draft 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 assessument
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." p. 2 :

Cogment la "The Draft Document relies extensively on the 1987 formaldehyde
risk assessment document prepared by the U.S. Environmental Protection
Agency. However, the Draft Document fails to recognize that, in September
1990, USEPA issued a draft revision to its risk assessment document that
properly 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 Document’s
approach and USEPA's approach is stark. When both the mechanistic data and
the scaling factor are taken into account, USEPA’'s 1990 unit estimate of
incremental risk is 10 to 100 times less than that presented in the Draft
Document.” p. 5

Response: The Office of Environmental Health Hazard Assessment (OEHHA) has
revised the Draft Document of January 1990 to take into account explicitly
the available inforsation concerning both these two issues, the use of the
monkey cross-linking data in addition to those of the rat and the use of
cell proliferation data. Both of these procedures are considered in the
revised range of risks. The response to T. Starr’'s Comment 1 outlines the
effect of the new analysis on the estimates of risk. Not only is the best
estimate reduced 4-fold, but bottom of the range is reduced over 20-fold.
In regard to USEPA, the September 1990 document is clearly labeled with the
disclaimer, "external review draft for review purposes only and does not
constitute policy.* The document of June, 1991, is identically labelled.
Neither document has been approved by appropriate peer review, the Science
Advisory Board, and that board has serlously questioned the use of the
monkey tissue data at a recent meeting. Thus the OEHHA staff has minimized
citation of both those documents in the formal document, which has the
objective of putting forward the reliable scientific information.

Co b "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 ppn." p. 7

Response: A greater rate of cell proliferation due to cytotoxicity at the
higher exposures does not in any way imply that carcinogenesis will not
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occur at significant rates at lower exposures. The long-term CIIT
experiments showed that cell proliferation was near background but cancer
incidence was above background at 6 ppn.

Comment lc "In addition, at doses that do not increase cell proliferation,
biological protective mechanisms (e.g., cell repair, detoxification, mucus
secretion and mucus reactions with formaldehyde, and immunologic, tumor-
associated rejection mechanisms) prevent or mitigate carcinogenic effects
of formaldehyde....However, the Draft Document does not adequately account
for all of the recent mechanistic data.” p. 7-8

Response: The revised version of the document has incorporated both the
commenter‘s specific suggestions about the need to incorporate additional
mechanistic data. No further incorporations appear appropriate at this
time.

Comment 1d "As EPA stated, the predicted risk level using the rat DNA
cross-linking data is believed to overestimate true risk for three
reasons...(1).data showing lower DNA cross-linking in monkeys are more
significant to the likely effect in humans. ..{2) airborne concentration is
a more important exposure parameter than total dose ...(3) recent data also
show the importance of cytotoxicity and cell proliferation in
carcinogenesis.”, p. 17-18

se: The revised version reflects specific analyses conducted for
points (1) and (3). Thus, the 'information has been incorporated into the
range of risks. The risk that is due to administered concentrationm, beyond
administered dose, is incorporated in part by the use of cross-link data in
the rat, as used in the Draft Document and in part by use of proliferation
data in the revised version. :

Comment le Although EPA deferred consideration of cell proliferation data
pending further work, "further data is (sic) now available, and
incorporation of that (sic) data would further reduce the prediction of
risk by over an order of magnitude.* p. 18

Reponse: The revised version shows that the most likely estimate of the
effect of using the proliferation model is to raise the multistage result
by 40%. -

(2) Summary Comment: "The risk assessment uses an interspecies scaling
factor which significantly overestimates the true risk of formaldehyde
exposure.” p. 2-3

Comment 2a "There is mo basis for the Draft Document’'s use of a
theoretical scaling factor adopting the position that humans are more
susceptible to formaldehdye than the rat. In the case of formaldehyde,
extensive available data show that humans are less susceptible to the
effects of formaldehdye. These data jnclude 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." p. 19

Response: The revised version no longer adopts as a best estimate the
generically derived contact scaling factor, which would appear to make
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humans more sensitive than rats. Nor does it adopt a dosimetrically
adjusted contact scaling factor, based on the monkey data, which would
appear to make the human appear less sensitive than the rat. However, both
of these scaling factors help define a range of upper confidence limits on
unit risk. The revised version adopts as a best estimate the default
(body-area) scaling because of the lack of a clear case for either the
generic contact scaling factor or the dosimetrically adjusted factor.

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

Comment 3a "The Draft Document's discussion of the 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
epidemiology 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 these
well-credentialed investigators.®

Reponse: Appendix C contains an extensive review of the epidemiology data.
Evidence of carcinogenicity from a review of all those is limited, as made
clear in the Draft Document at page 1-2. IARC has also concluded that the
evidence for carcinogenicity in humans is limited. Panels have found
evidence for carcinogenicity in human studies alone to be equivocal, and
investigators such as those cited by the commenter have been extremely
cautious in attributing carcinogenicity to formaldehyde as a result of
their own studies. A recent review of the epidemiological evidence by
Blair et al. (1990) begins the concluding paragraph, "In summary, we
conclude that it is likely that the excesses of nasopharyngeal cancer
observed were caused by exposure to formaldehyde."”

Comgent 3b "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 not overall excess of lung cancer
in the epidemiologic studies that can properly be attributed to
formaldehyde., p. 36

Response: The document seeks to provide a modest check on predictions of
the animal based model, and the epidemiology data provides the opportunity
for respiratory-tract cancers. See also responses to Comment 5 of T. Starr
and Comment 7b of J. Swenberg. :

Comment »The Draft Document improperly references the now-discredited
Sterling and Weinkham analysis.”

Response: Drs. Sterling and Weinkham have prepared a written rebuttal to
this comment and the staff have reviewed their submittal. Sterling and
Weinkham's (1989b) most relevant finding for this risk assessment 1Is that,
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when appropriately accounted, there is a dose-response trend for overall
respiratory tract cancers in the Blair et al. (1986) data. None of the
critiques offered on Sterling and Weinkhams's work confronts this finding
directly. In view of the controversy and the importance of the issue, the
staff believes that this finding of an upward trend with cumulative
exposure needs further corroboration.

Comment 3d “Contrary to the Draft Document, there is no evidence that
distant site tumors are related to formaldehyde. p. 45

Response: The Draft Document reviewed the data on such human studies in
Appendix C. The commenter does not cite any particular objectionable
statement in the Draft Document.

(&) Summary Comment "The Draft Document fmproperly concludes that
formaldehyde i{s genotoxic jmn vivo."

Comment 4a "The 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, 1t does
not have the same effect in the intact, healthy, live animal."

Response: As pointed out in the IARC (1987) monograph, formaldehyde is
clearly genotoxie in vitro in drosophila, as well as bacteria. Some human
studies have been positive. Unanimity of results is not required for the
classification of an agent as genotoxic. An agent need only to be
genotoxic by one mechanism to be genotoxic.

(5) Summary Comment: “The praft Document relies upon poorly-conducted
studies in deriving a conclusion that formaldehyde is likely to be
carcinogenic by the oral route.” p 4

"Contrary to the discussion in the Draft Document, the well-
conducted studies regarding the effects of ingested formaldehyde indicate
that there are no such effects, even at high exposure levels.” p. 50

Response: See the response to J. Swenberg's comment for page 2-3.

{6) Summa le) . "The Draft Document incorrectly suggests that
benign tumors are meaningful in assessing cancer risk of formaldehyde.™

Comment 6a "The Draft Document suggests that the benign tumors found in
the CIIT study are a meaningful response. Extensive evidence shows that
benign tumors are not indicators of risk for formaldehyde because: (1) the
benign tumors observed -- polyploid adenomas -- were of an entirely
different cell type than squamous cell carcinomas whose benign counterpart
is papillomas; (2) such tumors did not progress to squamous cell
carcinomas, which are the cancers observed in rats after exposure to
extremely high levels of formaldehyde; and (3) the incidence of benign
tumors is not statistically signficiant and lacks any dose-response
relationship.” p. 49

Response: The praft Document follows USEPA’s (1987) decision not to use
the polypoid adenoma data in the quantitive risk assessment. There remains
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the suggestion that these tumors when combined with actual tumors do form
an impressive continuum of response, even though these tumors are generally
considered not to be a predecessor of the squamous cell carcinomas that
dominated the rat nasal response.

(7) Sugmary Comment: . "The Draft Document gives undue weight to a few
poorly-controlled studies finding hyperplasia- in exposed workers." p. 33

Gomment 7a "The Draft Document improperly relies upon recent Scandinavian
reports showing squamous metaplasia and in a few cases mild dysplasia in
the nasal mucosa, in small samplings of formaldehyde-exposed workers." p.
53 :

Response: Such findings in small studies are of concern. Certainly they

are consistent with the above statement of Blair et al. (1990), quoted in

response to Comment 3a. Small studies would tend to underestimate cancer

risk due to their low power. The determination of cancer in a small human
study should not be quickly dismissed.

8. Sunmary Comment: "EPA is in the final stages of its process to issue
the revised risk assessment in final form. A brief delay would enable
California to reflect the expert analysis by EPA and its outside reviewers
and would avoid the uncertainty that would be raised by inconsistent
approaches to risk assessment.” p. 58

With two draft reports completed by USEPA and two reviews held
by its Scientific Advisory Board, the USEPA's basic inputs to the
assessment appear to be made. Staff have reviewed these drafts and have
discussed them with U.S. EPA scientists. It is not clear that consistency
will be achieved by waiting. The U.S. EPA drafts will now undergo lengthy
revievw and discussion. For example, the EPA staff report that their
preference for using the risk predictions based on monkey data has now been
called in question publicly by members of EPA’s Science Advisory Board.
Meanvhile the regulatory program needs this assessment to provide the basic
information to develop a prudent program to protect public health in
California.
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Response to Comments: T STARR

(The numbers below refer to the commenter’'s order of paragraphs. The letters
refer to the OEHHA staff’s designation of subparagraphs).

1. Comment: 1If accurate, the 22,900 extra cancer cases estimated for the
state, mearl; one case per thousand individuals, would be alarmingly large.
However, the ARB and DHS have overstated the risk in two ways. One way was in
not taking account of the DNA-protein crosslinks "fully and properly," leading
to a 54-fold overestimate. The other way was in assuming that different
temporal exposure patterns with the same continuous lifetime exposure all
yield the same cancer risk. This assumption is "in direct contradiction to
the acknowledged amplifying effects of inereased cell replication on the
carcinogenic process at high, but not low formaldehyde concentrations,"
leading to further 20-fold overestimate. Taken together, the two
overestimates imply an overstatement of risk by as much as 1000-fold.

Response: The revised version of the document explores the two points raised
here and does adopt a 4-fold reduction in the best estimate of the upper
confidence limit for extra cancer cases in California. First, as explained in
the response to Comment 3a below, the use of the monkey-rat DPX data results
in an 18-fold reduced estimate of risk, nmot a 54-fold reduction. OEHHA staff
have concluded that neither the generic contact scaling adopted in the Draft
Document nor the dosimetrically adjusted value, which gives the 18-fold
reduction, can be used as a best estimate, but rather the default scaling,
which is in between, is most appropriate. Second, as explained in response to
Comment 4a below, there is no basis for the assertion that a proliferation
increase of 20 at high exposures implies any decrease of risk at low exposures
due to proliferation. The calculations show that the most likely effect of
including proliferation in the model is actually a 40% increase in the
estimates of upper confidence limit for unit risk.

2. Compent: The document uses a model developed by Casanova et al. (1989)
to predict the level of DNA-protein crosslinks (DPX) as the independent
variable or measure of dose rate in fitting the multistage model to the rat
bioassay data. This model "provides a reasonably accurate description of the
relationship between DPX and airborne formaldehyde concentration, but it also
consistently overpredicts the DPX levels observed in rats exposed to low
concentrations. For example, the prediction of the CARB equation is 14%
higher than the value observed at 0.3 ppm for 6 hours exposure. Such
overpredictions are expected at concentrations of concern, €¢.075 ppm and
lower." This conservative bias should be corrected, even though small
compared to the two sources of overprediction mentioned in Comment 1.
Response: An important advantage of a model prediction is to smooth out the
random variability in just such data as these. Careful inspection of Fig. 5
of Casanova et al. (1989) shows that this model relationship appears highly

. plausible in its smoothing, over the whole range of data. Thus, the model is
based on all available points. To claim that one point is over or under
prediction is inappropriate since the model provides a better estimate of the
central tendency of the points. The measured level of DPX at 2 ppm is
substantially higher, compared to predictions, than the value at 0.3 ppm is
low, but the trend is quite clearly given by the model
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3. Comment: Appendix A of the document develops two different scaling
factors to extrapolate risks from rats to humans by determining equivalent
airborne concentrations. Using the same two approaches to extrapolate from
rats to monkeys shows that the resulting predictions are totally inconsistent
with the DPX measurements of Heck et al. (1989). At the lowest airborme
formaldehyde concentration, 0.7 ppm, for which measurements were made in both
rats and monkeys, the observed monkey DPX value was 10.8-fold lower than the
rat value. Thus the default scaling overpredicts the monkey DPX by 10.7-fold
while the contact scaling overpredicts the monkey DPX by 24.9-fold. Also, the
default scaling prediction for humans from rats is 13-fold greater and the
contact scaling is 54 times greater than the DPX observations in monkeys.
*The associated human cancer risks that CARB has estimated are thus clearly

overstated by these very same substantial factors.®
Despite the objection in the Draft Document at page 2-8, “the monkey DPX data
hould be used to est e c , as has been demonstrated

and recommended by Starr (1990) and, subsequently, by EPA in the recent draft
revision (EPA, 1990) of its 1987 formaldehyde health assessment document. It
should also be noted that in October 1990, EPA's Science Advisory Board
concurred with this recommendation.”

"At the present time, the Rhesus monkey provides the best available animal
model for DPX formation in humans exposed to formaldehyde. Heck et al.
(1989), Starr (1989, 1990), EPA (1990), and CARB have all noted that the
monkey is far closer to the human than the rat in terms of its respiratory
anatomy, physiology, and breathing patterns. Until direct measurements of DFX
in humans are available, the most plausible and scientifically defensible
assumption is that humans develop DPX following formaldehyde exposure to the
same extent as do monkeys. .CARB must not casually dismiss these data, as they
provide the best available scientific information relevant to estimating a
human cancer potency factor for formaldehyde.®

Response: The commenter’s analysis compares effects in only the nasal
passages, yet the monkey data demonstrates DPX and therefore risk of cancer
well beyond the nasal passages A complete comparison of the relative cancer
risk is not possible due to the incomplete data available on the distribution
of formaldehyde throughout monkey respiratory tract. To partially take into
account this overall effect, the revised version of the document presents an
analysis using the rat-to-monkey comparison in the development of a
metabolically adjusted contact scaling factor. The result, is an 18-fold
adjustment below the best value in the Draft Document. This result compares
with the implied 54-fold lower adjustment by the commenter. This result is 4-
fold lower than the best value of the revised version. The revised version
does not adopt the dosimetrically adjusted scaling factor as the best estimate
for the following reasons:

(1) Rats may have more ability to detoxify formaldehyde than humans due to
the rats’ higher glutathione levels and enzymatic activities, compared
to humans. Thus, humans may be more sensitive to formaldehyde. The
measured low binding in monkeys implies very high detoxification or
other elimination of formaldehyde. The mechanism for this effect does
not have a clear explanation.

(2) It is unclear how the partitioning of the oral and nasal breathing in
the monkey compares with the rats’ nasal breathing or the typical human
breathing patterns.

(3) The underlying cancer predisposition factors for lung in monkeys is
unclear. Data are not available which indicate that respiratory cancer
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in monkeys correlates better with human respiratory cancer than rat
respiratory cancer.

(4) The available monkey data do not describe formaldehyde binding
throughout the complete respiratory tract. Human data seem to indicate
that the primary risk factor from formaldehdye exposure is lung cancer
in particular and respiratory cancer in general. Elevated cancer rates
have *_:n reported in humans for the lung, nasal passages, nasopharynx
and bu-«°1 cavity. Consequently, comparison of exposure between rats
and monkeys, isolated to a small area of the respiratory tract does not
consider the complete carcinogenic picture for humans.

On the other hand the generic contact scaling factor is not well supported for

formaldehyde. Therefore, for formaldehyde staff concluded that there was not’

a clear case to depart from the default (body-surface-area) scaling.

4a. Comment: The document assumes, as have federal agencies in the past,
that cumulative lifetime dose is the proper measure of carcinogenicity,
whereas EPA in their 1990 draft document noted that "cytotoxicity and
attendent cell proliferation make high-concentration intermittent exposure
patterns inherently more risky than their lifetime continuous exposure
equivalent. Since cell proliferation is known to be increased by as much as
20-fold relative to background replication rates at high formaldehyde
concentrations, it is clear that CARB's assumption of equivalence may actually
overstate the risk associated with low continuous lifetime exposure conditions
by a corresponding factor of the same magnitude.”

Response: The revised version, like the Draft Document, weights administered
exposure more heavily than time by virtue of using tissue dose to predict
cancer risk. Proliferation effects may explain why the risks are so high at
the highest exposure with substantial proliferation, as noted in the
proliferation model reported in the revised version. However, the cancer
bioassay did report tumors at 5.6 ppm, where long-term proliferation effects
were not above background, and that result has a major influence on the low-
exposure extrapolation. So the cell proliferation effects at the high
exposure appear to have little effect on risk at low exposures, where long-
term cell proliferation is at background levels. The proliferation modeling
results gave a 40% inecrease in UCL for unit risk, contrary to the commenter’s
expectation of a decrease by as much as 20-fold,

4bh, Comment: "New data have already been collected at CIIT regarding cell
proliferation rates in the rat during the course of chroniec formaldehyde
exposure. These data can and should be utilized directly in CARB's risk
assessment process. They can be employed to estimate the parameters of
carcinogenesis models that accommodate cell proliferation informatiom, such as
the two-stage growth model proposed by Moolgavkar and his co-workers. In this
way, CARB can reduce the bias introduced into its human cancer risk estimates
that arise from its use of an incorrect and inappropriate dose-response
model . "

se: The revised version of the document now contains results for
proliferation models using data collected at CIIT. The computations with
these data show an increase in the risk estimate, contrary to predictions of
the commenter.
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5. Comment: "There are a number of factual inaccuracies in the CARB draft
health assessment document that should be corrected.” For example, the
statement at p 2-19 gives the distinct impression that the study of Blair it
.al. (1986) was convincingly positive, yet the authors themselves concluded
otherwise. The statements of the authors lead the commenter "to conclude that
the results of the Blair et al. study would be equally if not perhaps more
consistent with the hypothesis that no extra cancer risk was attributable te
the workers’ formaldehyde exposure. This certainly appears to be the '
conclusion of the study authors. It is also the conclusion of the blue ribbon
epidemiology panel (UAREP 1988) after review of all of the existing
epidemiology studies of formaldehyde-exposed workers: ‘(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’.™

Response: At this point in the text, the Draft Document reports data from the
Blair et al. (1986) study, along with the relevant information that the
relative risk was significantly elevated. The Draft Document discusses the
study at pages 2-4 - 2-21. As explained at those pages, the analysis in the
Draft Document does not find the study convincingly positive because of the
point raised by Blair et al. (1986) about lack of a dose-response
relationship. However, the results of the corrected reanalysis of Sterling
and Weinkham (1989a, b) stand as a challenge to the conclusion of Blair et al
(1986).

6. Comment: "In its discussion of Starr (1989, 1990), CARB asserts that
‘Starr used tumor incidence data which did not subtract out early mortality in
the denominator and did not account for interim sacrifice in the numerator’.
This is not correct. The tumor incidence data employed by Starr (1989, 1990)
was the same as that employed by Starr and Buck (1984). All interim-
sacrificed animals were excluded from both the numerators and denominators, so
as to pernit a direct comparison of our results with the earlier risk
estimates that had been developed by Cohn (1981) for the Consumer Product
Safety Commission."

Response: The sﬁaff agrees with this comment. The revised version of the

document eliminates the phrase, "and did not account for interim sacrifice in
the numerator.”
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Response to Comments: SWENBERG

(The numbers below refer to the commenter's order of paragraphs. The
letters refer to the OEHHA staff'’'s designation of subparagraphs) .

la. Comment: The document draws heavily on the 1987 EPA document and
does not revicw the 1990 EPA update in any detail.

Response: The Draft Document (January 1991) covered the material that the
OEHHA staff considered to be most relevant in the 1990 EPA update but no
citation of that update was appropriate because it is "an external draft
for review purposes omnly," as stated in the front of the EPA update. Thus,
the information in the 1990 draft was considered and was discussed with U.
S. EPA scientists. The revised version (September 1991) incorporates more
of the information in the latest U. S. EPA drafts (June 1991). However,
direct citation is kept to a minimum since both the U, S. EPA drafts are
for review and have not been approved by the U. §S. EPA's Science Advisory
Board.

1b. Comment: "While I commend the writers of this document for
incorporating the use of DNA-protein crosslinks (DPX) as the dose
parameter, I seriously question the unit risk of 2.9 x 10°“." This risk is
41 times higher than that of the EPA 1990 update, which used the monkey DPX
data rather than a scaling factor. How can the CARB dismiss the monkey
data, which are generated in exactly the same manner that the rat data are?
*1f the objective of the CARB proposal is to present the most
scientifically accurate risk assessment, it is clear that monkey DFX data
should be the dose parameter. This change incorporates important
pharmacokinetic differences between high and low exposures associated with
saturation of formaldehyde dehydrogenase, the .primary route of formaldehyde
detoxication...”

Response: The January document did not use the monkey data for the reasons
stated at page 2-8, "The lack of cancer biocassay data for monkeys limits
the usefulness of the binding data in monkeys, because it is not known how
susceptible monkeys are to formaldehyde-induced carcinogenesis.” As stated
on page 2-22, "the monkey data do not appear to be adequate, and those data
do mot include the entire conducting airways, as would be necessary to
extrapolate from rat nasal tumors to human lung tumors." It is not clear
how the use of the monkey data would incorporate important pharmacokinetic
differences between high and low dose exposures. Nevertheless, the revised
document does contain a section using the monkey data, and values generated
from the data are incorporated into the range. Staff do not consider the
monkey data to be the best adjustment due to difficulty of extrapolating
those data to the complete respiratory tract and due to the lack of
information on the suceptibility of monkeys to lung carcinogenesis. The
extrapolation is especially problematic without information on the
partition of nose and mouth breathing in monkeys.

2. Comment: "The major deficiency in the CARB document is its lack of
utilization of our present knowledge of the role being played by cell
proliferation in the dose response relationship for formaldehyde. It is
now absolutely clear that cell proliferation is the driving force
responsible for the observable monlinearity in tumors," as suggested by
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many of the earlier studies. There is compelling support for this thesis
in a new unpublished CIIT study which confirmed the trend of the previous
cancer bioassay and showed a strikingly similar shape of curve for cell
proliferation. '

Response: The comment asserts that the steepening nature of the tumor
exposure-response curve is due primarily to cell proliferation. The
commenter presents some evidence that the profound steepening in this case
may be strongly influenced by formaldehyde induced proliferation. Staff
acknowledge the major concerns of this comment, and for that reason
conducted several analysis to evaluate the impact of all proliferatiom on
formaldehyde carcinogenesis. Even so, the GLOBAL86 version of the
multistage model can account reasonably well for such an effect. In the
revised version of the risk assessment several cell proliferation
approaches using the data cited by the commenter show that explicit
inclusion of the proliferation rate has, in the most likely cases, only a
very limited effect on estimates of upper confidence limit on unit risk,

3. Comment: "When extrapolating from high to low formaldehyde exposures
it is imperative that one understands that there is a series of changes
;mewmm.' Vhile
CARB has incorporated most of the pharmacokinetic factors by using DPX, "it
hasn’t recognized...that the major nonlinearity for observable nasal cancer
occurs at concentrations above 6 ppm and that the pharmacokinetics are
saturated and therefore linear between 6 and 15 ppm. Thus, while it is
clear that good science dictates that DPX be used as the index of exposure
and that this correctly decreases the estimated risk at concentrations
below 6 ppn formaldehyde, it does pot explain the striking nonlinearity in
tumors between 6 and 15 ppm. It is obvious that an additional factor is
involved. The new data of Monticello and Morgan strongly points to cell
proliferation as that factoxr"™.

Response: The excellent fit of the three-stage tissue-based model based on
DPX shows that that model has sufficient flexibility to be consistent with
the striking steepness in the cancer biocassay above 6 ppm. See also
response to Comment 2. ;

4, Compent: Increases of cell proliferation lead to increases of
mutation due to decreased time for DNA repair. "Thus, even though the
amount of DPX between 6 and 15 ppm formaldehyde is proportionate to
concentration, the probability of mutations remains highly nonlinear due to
marked increases in cell proliferation at 10 and 15 ppm.™

Response¢; The DPX are not proportional to applied concentration from 6 ppm
to 15 ppm in either the rat or the monkey, according to data in Heck et al.
{1989). The proliferation evidence alluded to by the commenter does
suggest a possible role for cell proliferation at those exposures, In part
for those reasons, estimates of risk based on the cell proliferation model
are incorporated into the range of risks.

5. Comment: "Cell proliferation is also required for clonal expansion
of the initiated cell population. This is a critical step in multistage
carcinogenesis. The 1ikelihood of additional genetic events occuring in an
initiated cell is proportional to the number of initiated cells. The
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increased cell proliferation that is associated with 10-15 ppm formaldehyde
results in clonal expansion of initiated cells, therefore i{ncreasing the
probability of these necessary genetic events. Such clonal expansion was
evident in the original bioassay in lesions diagnosed as atypical
hyperplasia and has been even more carefully evaluated in the repeat
studies of Monticello and Morgan."

Response; Avai!able measurements of cell proliferation for formaldehyde
have not provided distinct enough characterizations of the proliferating
cells to classify them as initiated. The observed cell proliferation way
not reflect the clonal expansion of initiated cells. However, the
proliferatiou model presented in the revised version of the document does
consider the possibility of the clonal expansion of initiated
(premalignant) cells being reflected in the observed proliferation.

6. Comment: *The impact of this on the risk assessment ijs that the risk
per unit formaldehyde is based on tumor incidence data from 15 ppm.
Incorporation of DPX as the dosimeter only deals with the nonlinearities
associated with pharmacokinetic factors that occur below 6 ppm. Thus, the
risk assessment only corrects for these factors and ignores the maior
factor associated with high dose nonlinearity. If the CARB document is
going to be scientifically defensible, it must be revised to jncorporate
this new understanding. 1f the effect of increased cell proliferation was
simply multiplicative, the potential magnitude of this effect would be a
factor of at least 20. 1f it is exponential, which is the most likely
scenario, it could pe several orders of magnitude. Ome cannot simply drop
(ignore) the high dose data and revert to a two state model. The
formaldehyde data set represents one of the best characterized
understandings of chemical carcinogenesis available today and should be
used in its fullest to pave the way toward generating more accurate and
scientifically defensible risk assessments in the future.”

Response; The commenter clearly overstates the importance of cell
proliferation in formaldehyde risk assessment. Furthermore, it is the
lower doses that are most important for the multistage wodel. Nonlinearity
at the higher doses does not play a major factor in extrapolation. The
revised assessment gives results for this proliferation effect. See
response to Comment 2.

Ja. Comment: "Data are selectively used to support the contention that
formaldehyde 1s carcinogenic in humans. In truth, the collective data are
simply equivocal, i.e., they are neither positive nor negative. while 1 am
not an epidemiologist, 1 am fairly familiar with the studies that have been
conducted on formaldehyde. 1 am deeply concerned with the presentation of
these data in the CARB document.”

Response: AS indicated in the document, the epidemiologic data for
formaldehyde are limited. This is in agreement with the International
Agency for Research on Cancer's conclusion. appendix C of the Draft
Document reviews the available epidemiological studies and summarizes their
quantitative results. Some of the larger of these studies are consistent
with a carcinogenic effect, as reported at pages 2-3, 2-4 and 2.5. In the
past, staff have conducted risk assessments on 1imited human data. in this
case, staff use the human data for comparison purposes only.
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7b. Comment: "The CARB document predicts upper confidence limits for
human lung cancer. This endpoint is cited as being supported by the best
available epidemiology study (Blair, 1986), yet this is not the conclusion -
drawn by that study, to say nothing of the fact that the study had no
contrel for smoking."”

Regponse; At page 2-21 the Draft Document notes that a modeling prediction
from nasal tumors in rats is consistent with observations of lung cancer in
workers exposed to formaldehyde and points out that such consistency lends
support for that modeling prediction based on carcinogenesis of the
respiratory tract. The Draft Document discusses the smoking issue and the
finding of a lack of consistent correlation of lung cancer with intensity
or other measures of exposure in Blair et al. (1986), pointing out that
those points are not inconsistent with a carcinogenic effect. It is
important that animal extrapolations to human risk be compared with humans
data vhen they are available. Otherwise it is difficult to determine
whether the risk predicted is a possible upper bound for human risk. In
this case, the animal data were compared with the best available human
study. The human data were found not to be inconsistent with the animal
data.

Te. Copment: "Perhaps the most compelling argument against formaldehyde
being causal for human lung cancer comes when you examine the CARB
document’s Table €-1. An overwhelming proportion of the data demonstrate a
lower mmbe. of deaths from lung cancer than expected under the null
hypothesis in formaldehyde-exposed populations. This lack of an effect is
further supported by the frequent lack of exposure and duration
correlations, and by inconsistencies between and within studies. The bias
shown in the CARB document citation of data is unjustifiable and must be
corrected.” _

Response: Although the studies reviewed in Appendix C did show wvariable
results, the two largest industrial studies involving significant exposure
to formaldehyde both found elevated rates of lung cancer that were unlikely -
to be due to chance. The industrial cohort studies are reasonably
consistent with regard to respiratory tract cancer excesses, when one takes
into account exposure levels. The Stayner study (Stayner et al., 1988)
involved a large cohort, but the exposures were lower than for the Blair
(Blair et al., 1986) and Acheson (Acheson et al., 1984) studies. Some
increases in risk in respiratory tract cancer were reported, but, with the
exception of buccal cancer, they were small. While the Wong study (Wong,
1983) did not find overall increases in risk, the exposures were unknown
and may have been low. '

The lower number of deaths from lung cancer than expected under the
null hypothesis in formaldehyde-exposed populations has a potential
explanation, called by epidemiologists “the healthy worker effect.”
Sterling and Weinkham in their response to the Formaldehyde Institute
present the case that the healthy worker effect may apply to cancer.
Neither the Draft Document nor the revised version rely on human
epidemiological data; so this issue is not presented here in detail. Still
the issue can be addressed with the Blair et al (1986) study by considering
comparisons between exposed and non-exposed workers. The overall
respiratory tract cancer SMR among exposed workers of 1.12 can be compared
to the respiratory tract cancer SMR of 0.95 for non-exposed workers., It is
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reasonable to compare these two directly and to adjust the SMR for exposed
workers upwards by about 5% to 1.18 (1.12/.95 = 1.18), taking account of
healthy worker effect. The result is an approximate 30% increase in excess
risk. ~Thus the healthy worker effect bias adds to the importance of the
findings fc: causal inference, and may become important in risk estimation.

The "frequent” lack of exposure and duration correlations and the
inconsister.- -s between and within studies could arise from a number of
causes, but ... effect of formaldehyde irritancy, especially in connection
with smoking, would appear to be the most likeley confounder, as explained
briefly on page 2-21 in the Draft Document in connection with Blair et al
(1986). Again, this issue is not pursued here in detail because neither
the Draft Document nor the revised version rely on human epidemiological
data.

8a, Comment: "The CARB document needs to clearly state the major
uncertainty associated with projections of risk that are based on
concentration x time (CxT) relationships." Histopathology and cell
proliferation are driven by concentration while the document assumes that
carcinogenesis is driven by the product of concentration and time, an
assumption that "is on extremely shaky ground.

Response: The concentration that the commenter refers to is that of
applied exposure. The Draft Document used tissue concentration x time for
the basis of the risk assessment, which weights applied concentration more
heavily than linearly as concentration increases. All proliferation
results and some reports of histopathology have shown striet increases with
applied concentration but very complex relationships with time, including
reduced levels with increasing time. See page 2-6 of the Draft Document.

8b. omment: "it is highly likely that the slope of any real risk is
close to zero. This slope would increase greatly if humans were subjected
to concentrations of 6 ppm and higher. That, however, is not the case.”

Response: The main goal of the quantitative risk assessment is to predict
these very small slopes or potencies.

9. Comment: The model used in the document, GLOBALBG, is not acceptible
to predict cancer risks at the lower concentrations to which humans are
ordinarily exposed... The document’'s citation of a recent Moolgavkar
reference as support for the use of GLOBALB6 is amazing in view of that
author’s stressing "the need to incorporate cell proliferation data into
risk assessment models. All of Moolgavkar’s publications that I am aware
of in the last 5 years have stressed the need to incorporate cell
proliferation data into risk assessment models. This is in fact what is
needed to acceptably model the formaldehyde risk... It makes no sense to
begin new regulations without using the new data displayed in Figure 1 of
the comments. The cell proliferation data could be obtained from CIIT in
time for use.” :

Response: The revised version of the document includes a cell
proliferation model based on an approximate formula of Moolgavkar. As
pointed out in the response to Comment 2 , the most likely results from
this model do not differ much from the multistage model results. The upper
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confidence limit on unit risk increases in most cases by &40% with the
explicit use of the suggested proliferation data.

erre atft e

Comment, page 1-3: "In view of the excellent understanding of the
mechanisms assoclated with formaldehyde's carcinogenicity, the use of an
upper confidence limit from GLOBALB6 estimates is clearly overkill.
Likewise, the potential hazard to human health is extremely low at the low
concentrations associated with environmental exposure. Drawing undue
attention to unlikely risks is counterproductive to improving human health
because society fails to accept and regulate major causes of cancer such as
smoking.” '

Response: This point is discussed in response to Comments 2 and 9 and
others. The issue of environmental tobacco smoke is under great scrutiny
for regulation throughout the country. Formaldehyde is a substantial
component of tobacco smoke.

Copment, page 1-4: "The human nasal cancer data are confounded by exposure
to wood dust. The new CIIT study now provides rat data on 6 exposure

groups.”

Response: The association of human nasal cancer with formaldehyde exposure
is somewhat less persuasive than the association of human nasopharyngeal
cancer (Blair, 1990b). §Still, both need to be included in this very brief
summary.

Comment, page 1-6: "The range of extrapolation is too low. The lowest
statistically positive exposure is 10 ppm. Using the data in Table 5, the
average environmental exposure to formaldehyde is about 34 ppb. This is an
extrapolation range of 294." '

: The rat exposure of 14.3 ppm has a lifetime equivalent exposure
of 2.6 ppm. For an average human exposure of 34 ppb this gives ratio or
range of extrapolation of 76, which rounds to 100. Using the new average
human exposure of 42 ppb gives a range of extrapolation of 62, and using a
lower exposure value as positive in the rat bioassay would give an even
lower value. This range of extrapolation is much lower then usually occurs
in animal-to-human extrapolation. In most cases extrapolations of 100,000
to 1,000,000-fold are required. For formaldehyde, the range of
extrapolation is only 100. This provides much more certainty to the
formaldehyde risks compared to most environmental cancer risks.

Comment, page 2-1: "The reported risks predicted from epidemiology studies

have also been severely biased by selection. If you reported the predicted
risks for pathologists, it would be greatly exaggerated from what has been
found."

Response: As reviewed in Appendix C, the increases in respiratory tract
cancer found in the industrial workers were not found among professionals.
Indeed, the lung cancer rates are much lower than expected. In part, this
would be due to the lower smoking rates which have been found among
professionals, yet the Stroup study (Stroup et al., 1986) made comparisons
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with psychiatrists and still found low lung cancer rates. However, the
lack of increased lung cancer risks among persons exposed to embalming
solutions does not provide evidence apainst formaldehyde being a human lung
carcinogen. The most important reason for this conclusion is that the
time-weighted average exposures were low. For example, the estimated time-
weighted average exposure for embalmwers was only 0.02 ppm, which is in
marked cont: it to time-weighted averages around 1 ppm for some industrial
workers. Se. 1lso the responses for Comments 7a,7b,7c.

Comment, page 2-3: "The Soffritti study should not be put on the same
level as the Til and Tobe studies. It is very poorly documented and
jnconsistent within its own data sets, as well as with other studies run at
higher and lower doses. Several attempts have been made by independent
investigators to review the data. Unless some form of peer review can be

' done, it should be dropped.™

Response: The Draft Document offers the Soffritti study as a published
work. No published rebuttal or critique that could be used in the document
has yet come to the staff’s attention. Because the work is recently
published, the staff will remain alert for any published rebuttal,
especially in connection with concerns about intake by the oral route.

Comment, page 2-5: "It should be clearly stated that metaplasia of nasal
epithelium is not related to the neoplastic process."”

Response: The OEHHA staff does not have the information at this time to
warrant the statement that the nasal metaplasia is not related to the
neoplastic process in the human studies alluded to on this page of the
Draft Document. The first sentence of the first full paragraph has been
changed (indicated by underlining) to refer to *histological changes, some

of which are potentially precancerous lesions®.

Comment, page 2-10: "It is inappropriate to even suggest that the
multistage model for risk assessment 1is based on the biological stages of
carcinogenesis. It is merely the number of “"stages"” that fit a
pathematical curve. There is no biology in it! If there was, cell
proliferation data would be mandated.”

Response: The text refers to the biological plausibility of the multistage
model in comparison to other available models that have been presented as
alternatives in past risk assessments. The biology in it is the
description of a multistage mutation process, which is a special simpler
case of the more general approach that Moolgavkar developed in order to
include cell kinetics.

Comment, page 2-18, 19: "There certainly are a number of uncertainties. I
don’t know how CARB calculated that humans are more sensitive than rats.
The data on DPX in rats versus monkeys clearly shows the opposite trend.
CARB should reevaluate how they are using this."

Response: The revised version of the document explores this issue in
developing approaches to 1ntgrspec1es scaling.
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Comment, page 2-21: “The document never discusses the actual range of risk
in which the true risk may lie."

Response: The Draft Document discusses the predicted range of risk briefly
on page 2-22. It is difficult to see how to discuss any other range of
risk which would be generally as useful. The current range of risk
incorporates all relevant scientific data brought to staff’s attention.

Comment, page B-1-8: "The paper by Crosby et al. (Emviron. Mol. Mut.,
12:155-166, 1988) was not cited. This paper characterizes the mutational
spectrum of formaldehyde-induced mutations. These data provide reasonable
evidence that DPX are responsible for half of the mutations, i.e., large
deletions. The other half of the mutations occui at AT base pairs, data
consistent with formation of the very unstable N -hydroxymethyladenine
adduct of formaldehyde.®

Response: The main body of the revised version of the document now cites
this reference.
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Response to Comments (27 and 28 March, 1991): Peter Barrett Consultants

1. Comment: ODr. Barrett had not received the document and was unable to
comment on its contents. He sent a copy of his resume, papers which he
authored, and general comments on the cancer risk, irritation risk and other
health effects of formaldehyde.

Response: The OEHHA staff have reviewed the material, which comments on the
USEPA document of September 1990. The OEHHA staff did not find the proposed
procedures to be directly applicable to the analysis in the risk assessment

document.

Response to Comment: Borden Inc.

1. Comment: Borden request that the inclusion of formaldehyde on the air
toxics list be evaluated consistent with the revised U.5. EPA assessment and
that DHS support a consistent approach with EPA guidance.

Response: The OEHHA staff have revised the risk numbers for formaldehyde
with data considered to be most relevant from the EPA updates (1990).
However, direct citation has been kept to a minimum since the U.S. EPA’s
Science Advisory Board has not approved an updated document on formaldehyde
{See Response to Comments by J. Swenberg la.).
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PART C ADDENDUM

PUBLIC COMMENTS AND RESPONSES TO THE
DRAFT SRP VERSION OF THE FORMALDEHYDE REPORT

Prepared by the Staffs of the Air Resources Board
and the Office of Environmental Health Hazard Assessment

January 1992

Part C Addendum contains the comments received from the public during
the September 20, 1991 through October 18, 1991 public review period for the
Draft SRP Version of the formaldehyde report. The responses of the Air
Resources Board and the Office of Environmental Health Hazard Assessment to
those comments are also contained in this Addendum.
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I.
Comment Letters Received on the

Draft SRP Version
of the Formaldehyde Identification Reports, Part A and B
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===, Hardwood Plywood Manutacturers Assn.
f 1825 Michael Faraday Drive

\
: !
===? 703/435-2900 npa

Reston, Virginia 22090

October 14, 1991

Ms. Genevieve Shiroma, Chief

Toxic Air Contaminant 1dentification Branch
stationary Source Division

Air Resources Board

ATTN: Formaldehyde

P.O. Box 2815

1219 K Street

gacramento, CA 95812

SUBJECT: Comments ol Proposed Identificatioh of Formaldehyde

As A Toxic Air Contaminant Part A - Exposure
Assessment; and Part C public Comments and ARB/OEHHA
staff Responses = SRP Draft Versions

Dear Ms. Shiroma:

The Hardwood Plywood Manufacturers Association (EPMA) and the
National Particleboard Association (NPA) - representing
manufacturers of hardwood plywood, particleboard and medium
density fiberboard (MDF) - have reviewed the September 1991 SRP
version formaldehyde draft documents prepared by the California
Air Resources Board. While the Air Resources Board has
incorporated some changes, as suggested by HPMA and NPA in our
March 26, 1991 comments, in the new SRP Part A - Exposure
Assessment draft, we believe that ARB continues to over emphasize
the influence of current low emitting urea-formaldehyde (UF).
bonded wood based panel products on home formaldehyde levels.

wood panel products made with UF adhesives include two
reconstituted wood products - particleboard and medium density
fiberboard (MDF). Hardwood plywood is made of distinct layers of
wood and is not classified as a reconstituted wood product. (See
page A-42, Part A - SRP Version). :

our industries continue to be frustrated about the inability to
free themselves from the reputation of higher formaldehyde
emission potential ascribed to our products of the late 1970s and
early 1980s. 1In general, during the past 5 to 10 years,
reductions in emissions of between 15 to 90% have been made from
UF -bonded hardwood plywood, particleboard and MDF. &almost all of
the exposure information cited by ARB in the September 1991 SRP
version documents is based on data developed during the early
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1980s in homes built before low emitting UF-bonded wood products
became widely used in the market. None of the information cited
by ARB fully considers the emission reductions from UF-bonded

wood products that have continued to occur into the mid and late

1980s, and the 1990s.

We have attached comments and a response to some specific issues
related to formaldehyde exposure and wood panel products as
addressed in our earlier March 26, 1991 letter. Serious

" deficiencies remain in the ARB September 1991 draft documents and
we believe that these deficiencies must be corrected before a
meaningful assessment of formaldehyde exposure can be made. We
appreciate the opportunity of reviewing the documents.

Sincerely,

CA/ZH;‘M' 6;7'€;v~n’£L‘ ‘qaéé55;4‘(1;42<:2zé45223¢:;i

William J. Groah William H. McCredie

Technical Director Executive Vice President

Hardwood Plywood Manufacturers National Particleboard
Association’ Association

Enclosures:Comments and Three Appendices
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October 14, 1981

Comments on_ Proposed Identification of Formaldehvde
ns A Toxic Air Contaminant Part A - Exposure
Assessment; and Part C Public Comments and ARB/OEHHA
staff Responses — SRP Draft Versions

I. GENERAL COMMENTS
A. Home Studies Emphasized by ARB are Among the gest'That

are Available.

Studies used by the state to characterize exposures in
homes are probably among the best that are available. ARB did
not present a compendium of "complaint® homes, which has been the
case in certain investigations by other states and agencies.
Home studies emphasized included those having the largest number
of homes surveyed (the 1984-1985 Sexton et al. mobile home study,
for example), and included homes that appear to be reasonably

representative of homes in the state.

The 5cien¢e Applications, Inc. 1983 study (Rogozen et al.) in
conventional homes has been acknowledged by its own authors as
having a small sample size. The authors of this study
recommended that a stratified sampling design study be conducted
in 2 minimum of 500 homes if factors related to indoor
concentrations of formaldehyde were to be assessed,
Nevertheless, the Rogozen study remains as the largest study
~among California conventional homes {70 homes surveyed), and was

well-conducted.

The primary difficulty is that the studies available for

characterizing California homes relate to homes built in the

early 1980s and prior to that time. These studies contained

1
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virtually no information on the loading rates (usage) of wood
products, and indeed, little information on formaldehyde
containing materials and formaldehyde sources. The problem is
not that the studies were bad; they appeared to be well-
conducted. Like all studies of this type they were limited by
. funding resources and, thus, limited in scope. Now they are
outdated, at least in the context of being relevant to
formaldehyde release from the current generation of wood

products.

B. The Reference to the Urea-Formaldehyde Foam Insulation
(UFFI) Ban is Not in Accordance with the Facts.

We have found that regulatory investigations often

perpetuate certain myths. This has been chgracteristic of agency
inveétigétions of forméldehyde, both at the stéte and federal
level. As a case in poiht the following appears on page A-45 of
the Paft A SRP version draft in reference to the UFFI ban:

"The ban was challenged successfully on procedural
grounds (but not on its technical merit) in the U.S.
Court of Appeals (1983) by UFFI and formaldehyde .
manufacturers."”

This statement may have appeared in the popular press or be
someone’s perception of what happened but it has little
resemblance to the actual findings of the Fifth Circuit Caurt cf
Appeals. The Opinién of that Court (April 7, 1983) contained
seven general areas: I. The Product; II. The Rulemaking;iIII.
Standard of Review; IV. The Risk of Cancer from UFFI; V. Acute
Irritant Effects; VI. The Consumer Product Safety Act vs. the
Federal Hazard Substances Act; and VII. Conclusion.
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The Opinion, while including an analysis of procedural issues,
emphasized technical and health issues. Section IV - The Risk of
Cancer from UFFI - was the single largest'section of the Opinicon
and contained a discussion of formaldehyde exposure studies, the
CIIT animal experiments, epidemiology, and risk assessment. The
conclusion of the Court was very specific as to the principal

reason why the ban was vacated.

"yII. CONCLUSION

We are not unmindful that regulating in the face of
scientific uncertainty within ever-tightening budgetary
constraints presents the Commission with a difficult
task. We nevertheless cannot abdicate our role in the
regulatory process. Congress and our circuit’s
precedents require us to take a "harder look" to
determine whether rules adopted under the Consumer
Product Safety Act are supported by substantial
evidence. That look discloses that the evidence is
lacking here. The Commission’s rule banning UFFI is
VACATED."

The key phrase in the conclusion is "regulating in the face of
scientific uncertainty.” There is some pérallelism in the
"scientific uncertainty™, referenced by the Fifth Circuit, and
the ARB analysis in respéét to exposure data from California
homes built in the early 1980s, the wvirtual absence of
information on wood product use in such homes, and the
publication of only "point" cancer estimates based on gnly "upper

bound risk" mathematical model risk estimates..

I1. SPECIFIC COMMENTS
A. In-home exposures are likely overstated relative to

outdoor exposures.
In March 26, 1991 comments, HPMA and NPA contrasted the

ARB out-of-home exposures of 4.4 ppbv, weighted by population, as
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being significantly different (by factor of about 2 to 12) from
earlier ambient formaldehyde concentration data described by
other observers (Rogozen-1984, and Scott Research Laboratories-
1969; for example). We stated that we did not think that the
magnitude of difference between the current cited ARB ambient
values and other higher ambient formaldehyde levels could be
explained only by differences in sampling times, the time of day
samples are taken, and changes-having occurred in recent years to

reduce outside levels of formaldehyde.

In examining the Part C ARB/OEHHA staff response and the data
itself, we egree that the sampling technique used in determining
outside exposures based on 24-hour average composites over =z year
(between September 1988 and August 198%) is a superior technique
to that used by earlier investigators. With the growth that has
occurred in California in the past 10 to 20 years, we still
remain surprised that the levels are now this low (4;4 PPbv) .

If the outside levels of formaldehyde have changed due to
reductions in formaldehyde release from motor vehlcles and from
other outside sources, whzch apparently is the case, then the

_ decrease in these levels would be reflected indoors. Outside
ambient levels are one component of 1nsxde home levels, The use
of 1988~ 1989 home out51de amblent levels by ARB would llkely
require some adjustment of xndoor levels reported 1n the early
1980s in making any meanlngful home indoor prOJectlons for 1989
and beyond. Alternatlvely, new home studles could be conducted
to determine current home levels of formaldehyde.

B. Flawed 24-hour exposure patterns for California citizens.

ARB has modlfled exposure patterns to better reflect 24-

hour llvzng patterns for California citizens. Thus, persons not
4
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"at home" would be exposed to something other than atmospheric
formaldehyde of 4.4 ppbv for 6 hours of the day when they are at
work, at school or shopping. While the use of formaldehyde
levels in commercial and institutional building, as a surrogate
for the gway from home exposure segment, does increase the
exposures Ifor that part of the day, the use of such data
represents a technical improvement in exposure assessment.

Segmenting exposure assessment into three elements: at home

(14.9 hours), away from home {6 hours) and outdoors (3.1 hours)
is a more logical way of exposure assessment than that used in
the February 1991 draft ARB reports.

We are less familiar with the technical literature on
formaldehyde levels in office and institutional buildings except
to know that relatively little formaldehyde level data is
available for these types of buildings, as compared with homes.
We have no specific comments, at this time, on the levels
selected for the away from home segment'nor for the time elements
associated with the three time segments of exposure.

cC. The importance of UF bonded wood products as a

formaldehyde emission source is overstated.
Although the addition of notes to the Pickrell table (Page

A-44, Part A - SRP Version) in response to our March 26, 1991
comments are helpful, we do not believe that the Pickrell table
should even be included in the ARB Part A report. The Pickrell
information was published in 1983 and has little relevance to
emission characteristics of current low emitting UF-bonded wood
panel products. The ARB staff acknowledges that the emission
rates in the Pickrell table "may be somewhat higher than current
rates" (Page 155, Part C - SRP version); however, the following
statements, still appear, unmodified or only slightly modified,

5
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in the September 1991 draft Part 2 report.

"By far the largest source of formaldehyde indoors is
pressed wood products made with urea-formaldehyde resins”
(Page A-1)

"Formaldehyde concentrations are generally much higher
indoors than outdoors due to the abundance of building
materials and consumer products in buildings that emit
formaldehyde." (Page A-41l)

"Building materials (especially pressed wood products
made with formaldehyde resins), because they emit
relatively large amounts of formaldehyde and are
present in large quantities, make the most significant
contribution to indoor formaldehyde concentrations.”
(Page A-42)

*In general, building materials tend to be the highest
emitters, followed by combustion sources, paper
products, new clothes, draperies and other fabrics.™
{(Page A-42)

Except for UFFI, which has disappeared from the market, the most
pronounced reductions in emissions from any products containing
" formaldehyde has probably been within the urea-formaldehyde wood
panel products group. Particleboard and hardwood plywood _
products were subject to U.S. Department of Housing and Urban
Development manufactured home emission level requirements in
February 1985. A State of Minnesota statute (June 1985) |
established requirements similar to HUD, except that medium
density fiberboard was included as a regulated product in
addition to particleboard and hardwood plywood. The Minnesota

rule also applies to all types of building structures.

To support the fact that ARB has over emphasized the importance

6
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of wood products in contributing to indoor formaldehyde levels,
we have focused principally on studies in California manufactured
and conventional homes as cited by ARB. Tables 1 and 2 (Pages 20
‘and 21 of these comments) contain information on manufactured
{(mobile) and conventional homes, respectively. Reference to

- these tables will be made from time to time as points are

emphasized or our previous March 26, 1991 comments are amplified,.

1. Older Home Data do not Reflect Emission Rate Reduction
0ld I 20 _not nerlect bmission Rate Reduction

Patterns from Different Pressed Wood Products.

The particleboard, hardwood plywood and medium density
fiberboard industry sectors have exhibited different patterns of
formaldehyde reduction. The SRP version draft states that . . .

"Formaldehyde emissions from pressed-wood products
declined several years before the 1984 HUD emission
limits were imposed due to advances in manufacturing
techniques and competition within the industry. There
is evidence that emissions declined markedly as early
as 1982, including information Presented by the
Formaldehyde Institute during the April 3, 1891
workshop which showed steep reductions in particleboard
emissions beginning in 1982." (Page 155, Part C - SRP
Version) -

The Formaldehyde Institute presented two histograms on April 3,
1991: one for particleboard and one for hardwood plywood. An
additional histogram for medium density fiberboard, not '
previously presénted, has also been prepared for these comments.
The histograms, as appearing in Appendix 1, are representative of
the patterns of formaldehyde emission reduction for each of three
UF-bonded products.

a. Particleboard
Formaldehyde emission data for particleboard from 1979

.
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through 1988, as illustrated in Appendix 1, demonstrates
that emission reductions have been made throughout the
decade. The 1982 data represents survey information from
plants voluntarily having their product tested at the
Naﬁional Particleboard Association laboratory - the
state-of-the-art of the particleboard industry at the time.
No data was presented for 1983 because insufficient
industry-wide information was available to NPA at that time. -
Data presented for 1984 through 1988 represents annual large
chamber test (FTM 2-1985 and ASTM E 1333-90) data and
includes products from virtually all U.S. particleboard
manufacturers. From the early part of the decade to the
later part two things occurred: 1) more and more
particleboard products were made ?ith improved low—-emitting
UF adhesives, and 2) further gains in emission reduction
occurkéd - from 62% emission reduction by 1982 to 83-84%
emission feduction in the 1985 to 1988 period.

b. Hardwood Plywood o

The initial focus during 1979 and the eérl§ 1980s was
on hardwood plywood wall paneling, a building product
extensively used in the 1970s in manufactured (mobile) homes
for interior wa;l finish. Early basic information about
formaldehyde gmission characteristics from hardwood plywood
wéll paﬁeling was developed in 1579-1981, concurrent with
thé.refinement”of formaldehyde test methods by the industry.

Theihardﬁood_élywoodrindustry, having a greater number of
small and.medium sized manufacturers and being more
fragmented than the particleboard industry, lagged slightly
behind the particleboard sector in bringing'relatively large

quantities of low emitting hardwood plywood to the market.

8
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While there was, no doubt, some reduction in emissions from
hardwood plywood during the early 1980s, there was
insufficient technical data from encugh manufacturers for
HPMA to make any meaningful judgement on reductions within
the industry at large during 1982, 1983 and 15984 (see
Appendix 1). The 1985 HUD regulation and Minnesota statute
were the primary factors leading to the development of
sufficient data to characterize the industry. Thus, while
some emission reduction occurred early in the decade (1982-
1984), these improvements were exhibited by a relatively |
small number of hardwood plywood manufacturers. Most of the
emission reduction improvement from both hardwood plywood
wall panels and hardwood plywood industrial panels (used as
components for cabinets and furniture) occurred in the mid
and late 1980s as illustrated in the histogram in

Appendix 1.

c. Medium Density Fiberboard

In respect to formaldehyde emission potential, the
principal concern in the late 1970s and early 1980s was with
UF-bonded building materials: particleboard decking for
manufactured homes, particleboard underlayment for
conventional honmes, and hardwood plywood wall paneling.
These building products were used at relatively high loading

rates in some homes during that time.

Medium density fiberboard products, as components in kitchen
cabinets and furniture, were generally used at lower loading
rates in manufactured homes. Probably for that reason MDF
was not addressed in the HUD formaldehyde rule (effective
date =~ February 1985). Important regulatory benchmarks
related to reductions of emissions from MDF included the
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state of Minnesota statute cf June 1985 (which covered MDF)
and the development of an industry voluntary formaldehyde
emission standard for MDF by the National Particleboard

Association in 1987.

The pattern of emission reduction of MDF, thus, has been
somewhat different than that of particleboard and hardwood
plywood with much of the reduction in formaldehyde emissions-
from MDF coming late in the decade as shown on the histogram

in Appendix 1.

In summary, there was some emission reduction, particularly among
particleboard building products, in the early part of the 1980s.
Further improveménts in particleboard products occﬁrred as the
decade progressed from 1985 and beyond. The most dramatic

- decrease in emission from hardwood plywood occurred in the mid
and late 1980s. The pattern for MDF appears to be similar to
hardwood plywood except emission reduction, from the industry at
large, occurred during the later part of the decade. - |

The California Department of Health Services study (Sexton and
Liu) supports these comments about particleboard and is
consistent of our understand@ng‘pf the patterns of emission

reduction from UF-bonded wood products. Liu (B) states;

"But data presented in Table IA show that the homes
manufactured in 1982 and 1983 have formaldehyde levels
. lower than those homes manufactured between 1978 and
1981. The reason for this apparent discrepancy is
probably due to the fact that building materials of
mobile homes have been changing during the past few
years. The particle-board (sic) industry has been
gradually introducing products with lower formaldehyde
emission rates to meet the Department of Housing and
Urban -Development’s regulation (18) and the mobile home
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industry has simultaneously been increasing the use of
building materials that emit less formaldehyde."

The Liu data from Table 1A for 1978-1983 homes is presented:

Home Apparent Number
Age Year of of Geometric
{year) Construction Homes Mean

1 1983 115 0.077

2 1982 106 0.093

3 1981 47 0.112

4 15880 20 0.124

5 1979 17 0.097

6 1978 15 0.096

This data supports our comments that some low emitting building
products (primarily particleboard) were being introduced in 1982
and 1983. The 1978-1983 newer home Liu data, however, contains a
component (1978-1981) prior to the introduction of much low
formaldehyde emitting wood product in the market. The 1982 and
1983 homes, demonstrating lower mean values, did not include the
full contribution of emission reductions identified with
particleboard in the mid and late 1980s. Moreover, there was
likely little low emitting hardwood plywood and MDF used in the
1982 and 1983 homes -surveyed by Liu and Sexton.

2. Changes in Usage of UF-Bonded Wood Building Products Have
Not Been Considered by ARB

a. Building Products
_ Home formaldehyde level studies performed during the
early 1980s period do not include populations of homes
representative of reduced usage of hardwood plvwood and
particleboard building products. Hardwood plywood manufacturing

is a mature industry. The use of industrial hardwood plywood
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products as components for furniture and cabinets has remained
fairly stable over the past ten to twenty years; however,
hardwood plywood wall paneling use has decreased significantly
during the past twenty years. Appendix 2 includes a table
showing total hardwood plywood wall paneling production in the
U.S. from 1968 through 1990. While there was considerable
decline in the use of this product during the late 1970s, there
has been a further reduction of about 30% in shipments from the
1981-1983 periecd to 19%0: from about 1,550 million square feet
surface measure to about 1,050 million sgquare feet surface

measure.

The use of UF-bonded particleboard building products for decking
in manufactured homes and for underlayment in conventional homes
has also changed over the. past 10 years. Decking production has
declined from levels of about 200 million sg. ft. (3/4™ basis) in
the early 1980s to about 125 million sqg. f£ft. in 1990.
Underlayment has declined from levels of about 800 million sgq.
f£t. in the early 1980s to about 350 million in 1990. These
flooring building products have been replaced, in most cases, by
either phenol-~formaldehyde (PF) bonded oriented strand board or
PF-bonded softwood plywood. PF-bonded wood products, in general,
have lower formaldehyde emissions than UF-bonded products.

The Manufactured Housing Institute, representing the mobile home
industry, recently submitted results of a product use survey to
the Envi;onmental Protection Agency for that agency’s continuing
investigation of-formaldehyde release from pressed wood products.
This survey substantiates the dramatic drop'in use of hardwood
plywood wall paneling... MHI reports that only 2.7% of surveyed
mobile homes contained wall paneling. Urea-formaldehyde made

particleboard decking now represents only about 48% of the market
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according to the MHI survey; this compares to nearly 950% of the
market in the early 1980s. The change in usage of UF-bonded wood
panel building products has to be considered by the state of
California in order for ARB to draw any meaningful conclusions

for the year 1991, the year of this analysis.

b. Furniture and Cabinets )
Hardwood plywood industrial panels, particleboard and
MDF have been extensively used in the manufacture of furniture
and cabinets for a number of years. Indeed, these products
compete with each other for use as sides, fronts and shelving

components.

There is limited data about emission characteristics from
furniture and cabinets and, in particular, the effects of
laminates and finishes on formaldehyde emissions. Alexandersson
et al, (1) has described a study among workers in Sweden exposed
to formaldehyde in acid-hardening lacquers and paints.
Presumably such finishes could contribute to home formaldehyde
levels when applied to wood products used in furniture and
cabinets, whether the wood products were made with formaldehyde

containing adhesives or not.

In recent years there has been a significant growth in the use of
thin, flexible, decorative, film overlays for wood product
components used in cabinets and certain items of furniture. An
HPMA study demonstrates that a 2-mil thin, flexible, vinyl
overlay applied to hardwood plywood reduced formaldehyde emission
rates by 90 to 95% (5). The NPA has recently published a
technical bulletin on "Formaldehyde Emission Barriers" for
particleboard and medium density fiberboard (see Appendi# 3).

The bulletin discusses the effects of various materials that act
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as diffusion barriers when applied to UF-bonded wood products.
Industry surveys show that in 1989 there were over 8 billion sq.
feet of plastic and paper laminates sold in the U.S. all capable

of significantly reducing formaldehyde emissions.

The general adoption of low emitting UF adhesives in the mid and
late 1980s and the 0SHA formaldehyde workplace rule (1987) has
led to the expanded use of low emitting UF-bonded components in
furniture and cabinets. While there is little quantitative data
available from furniture and cabinéts, historical emission
pattern information presented in Appendix 1 indicates that the
contribution of airborne formaldehyde from UF—bénded hardwood
Plywood, particleboard and MDF is substantially less in the late
1980s than in the early 1980s. This has, no doubt, led to
reduced emission potential from cabinets and furniture containing

UF-bonded wood product components.

3. There is a Reduction of Emissions Over Time From UF—-Bonded
Wood Products (decay) and This Must be Considered in Making

Exposure Assessments.

Unlike certain indoor formaldehyde sources such as outside

ambient levels, cigarette smoking, and unvented gas appliances
whose formaldehyde emissions continue over time, formaldehyde
emissions from wood products decay over time. Urea-formaldehyde
adhesive formulations for particleboard and hardwood plywood
always have an excess of formaldehyde to urea in order thaﬁ the
wood product remains well-bonded. The use of low molar ratio
formaldehyde to urea adhesives in recent years has led to a
significant reduction in the amount of available "free™
formaldehyde in bonded boards; however, some excess formaldehyde
still remains in new improved adhesive formulations. - There is

residual formaldehyde in wood products, unbound to urea but held
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mechanically or loosely bound to wood.

After the UF-bonded wood product is made, a sharp decline or
decay of formaldehyde emission occurs early in the life of the
wood product (the first year) as the "free" formaldehyde is
released. The sharp or rapid decay phase is followed by a more
moderate decay phase. While there is disagreement about the
shape of the formaldehyde emission decay profile curve, virtually
all recognize that there are changes in the rate of formaldehyde

emissions from wood products over time.

The wood products industry has developed data that supports a
decay profile consisting of a half-life of one year or less in
the first year, followed by a more gradual decay. Industry has
used, as a default value for the later years, a 2.92 year
half-life as reported by Versar Inc. (16) in work for the
Environmental Protection Agency. Several papers on decay are

included in Appendix 3.

The relevance of this formaldeﬁyde decay phenomenon is that low
emitting UF-bonded building products used in new homes -
particleboard decking and underlayment and hardwood plywood wall
panels - make a contribution to home formaldehyde levels for a
relatively short period of time. Versar Inc. (17) has estimated
that only 5.6% of detached conventional homes and 8.7% of
attached conventional homes contain particleboard underlayment.
HPMA (6) has projected, using-the Versar exposure model (16),
that particleboard underlayment makes a contribution to indoor
formaldehyde levels for only 4.1 years above an assumed
background level of 0.03 ppm in average conventional homes
containing that product. If decay were to be examined in the -

context of California homes, only new homes would likely include
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any significant contribution from this wood panel product.

Formaldehyde home levels in new 1991 homes, that contain UF-
bonded building products, would likely be influenced by these
products only for the first 4 to 5 years.

In making broad statewide exposure assessments, the age of the
housing stock must be considered. We understand that about 80%
of the housing stock in California is 10 years old or older.
There is, therefore, only a small percentage of California
conventional homes - probably less than 1% - where particleboard
underlayment would have any meaningful influence on home

formaldehyde levels.

4, The ARB Staff’s Comments to the Contrary, Caiifornia Home
Level Studies Cited by ARB Do Not Suoport the Assertions
Ehat ‘. - "

*Building materials (especially pressed wood products made
with formaldehyde resins) . . . make the most significant
contribution to indoor formaldehyde concentrations"

- {Page A-42;, Part A - SRP Version) . . . and . . .

e [T

"However, there is also a need to recognize that pressed
wood products can still be the major source of elevated
formaldehyde levels in older homes when new materials are
brought into the home as a consequence of remodeling or .
purchasing new furnishings." .
(Pages 157-158, Part C - SRP Version)
Table 1 and Table 2 {(Pages 20 and 21) lists the major studies
cited by ARB in California homes: Sexton and Liu, Rogozen,
Colombe and Clayton Environmental Consultants (Singh). There was
virtually no information related to the use of wood products,
particularly wood building products, in either mobile or

conventional homes described in any of the studies.
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In examining the well recognized phenomenon of emission decay
from wood products, only the mobile home data reported by Sexton
et al. (13), Colombe et al. (3), and Clayton {(14) had any
significant number of new homes in the study populations. Only
the later conducted Sexton and Liu study {1984 and 1985) included
any homes where any real quantities of low formaldehyde emitting
UF-bonded wood products were used. Even in this study many of
the 0-6 year old homes did not contain low formaldehyde emitting

UF-bonded wood panel products.

The California gonventional home data includes very few new homes
and the results and conclusions in these studies do not support
the ARB contention that wood products represent the most
significant contribution to formaldehyde levels in California

homes. Indeed, dther formaldehyde emission sources were cited.

In the largest study cited by ARB in conventional homes
(Rogozen), the average age of the 64 home segment was over 20
years. Rogozen et al. (12) reports that only 7 homes were less
than 5 years old in the total sample of 70 conventional homes.
Because of the change in formaldehyde release from UF-bonded wood
products over time (decay), very little contribution to home
formaldehyde levels could be expected from UF-bonded wood
building products. )

The only reference to the possible use of wood products by
Rogozen was in 6 homes containing new kitchen cabinets (56 ppbv)
which were compared with 59 homes (49.3 ppbv) that did not have
 new kitchen cabinets. A difference of less than 7 _ppbv hardly
supports the hypothesis that UF-bonded wood products make a major
contribution to home formaldehyde levels in older homes.
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Moreover, improvements characteristic of current UF-bonded wood
panel products would result in lower contribution to formaldehyde
jevels in 1991 homes than those wood products that may have been
present in kitchen cabinets at the time of the Rogozen analysis

in 1983.

The ARB/OEHHA staff response (Part C) to the March 26, 1931
HPMA/NPA comments have indicated that "Californiz data were

emphasized" {(Page 156); and that . . .

v"indoor concentration data from a variety of studies
viewed in combination with source emissions data
strongly implicate pressed wood products as the major
contributors to indoor formaldehyde concentrations"
(Page 157) . . . and . . .

“"Also, in-home measurements have generally ruled out
the relative importance of some other potential
formaldehyde sources. Several studies have found that
cigarette smoke and combustion appliances do not appear
to affect the average indoor concentration -
significantly.* {(Page 157)

We are astonished at how little the ARB/OEHHA reviewers recall
the conclusion of the principal California conventional home
study cited by ARB. In the Summary and Conclusion section of
pPart 5 - Survevy of Formaldehyde in the Indoor Environment of the
Rogozen study (pages 5-46 and 5-47), the authors do not once
mention wood products. The primary formaldehyde sources cited
were rela;ed to homes where cigarettes were smoked and gas '

cooking fuel was used:

"our data suggest that homes in which cigarettes are
smoked will have higher indoor air HCHO concentrations
than homes in which cigarettes are not smoked, by an
average of approximately 9 ppb. Homes in which
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cigarettes are smoked and gas cooking fuel is used are
likely to have higher indoor HCHO concentrations than

‘homes with no cigarette smoking and electric cooking,

by an average of 19 ppb."

The Sexton study of 51 conventional homes was a pilot study
subsequent to a survey in over 600 California mobile homes where
diffusion samplers were mailed to participants. Sexton {1588)
did not report any information on wood products and made no
assessment of formaldehyde emitters in the conventional homes

surveyed.
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Table 1 - Formaldehyde Concentrations Cited by ARB in California Mobile Homes

than 1 yr,

4-hour sampling

time

Avg. Conc. Range No. of - When Age Profile Wood Product
Study {ppbv) {ppbv) Homes Sampled of Homes Usage Sampling Remarks
Sexton 12 <10-464 663 Jul,-Aug. 59% 0-4 yxs. No LBL Average concentration
et al., Summerx 1984 41% Over & yrs, information T-day reportaed as geometric
1906 78 17-314 523 Feb.-March 56% 0-4 yes. No passive mean, Arithmetic mean
' (see remarks) Winter 1985 44% Over 4 yrs. information diffusion reported was 91 ppbv
‘ sampler {summer and winter)
Liu See footnote 1 below
et al., .
1986
Rogozen 114 68-144 3 Jan.~Feb. No No LBL Large variation between
et al., 1983 * information information T-day threa homes: 68, 130
1684 o passive and 144 ppbv
diffusion
: sampler

Colombe 160° 50-300 10 June-July Most homes No M Potential participants
et al., Park 1 1982 1-2 yrs. old information 8-hour selected by letter:
1983 =™ 1190? 30-150 14 Moat homes passive "we made no effort to

o Park 2 2-4 yra, old diffusion . contact the occupants

low] ‘ "~ sampler who did not answer the

I exposed for initial letter. This

(e 7 daya could be a source of

o selection bias. "
Clayton 210 <20-675’ 81 1980 49% homes No' Impingera Includes 16 unoccupied
Environmental : and 1 yr. or less information with homes and 65 occupied
Consultants, early 51% homes more pararosaniline homes., Several other

- 1982 1981 analyais sampling techniques

and methods of analysis
were evaluated.

‘this is the same study (California Department of Health Services) described by Sexton et al. (1986) above, except that Liu

deacribed other aspects of the work.

The 470 home described by Liu were the number of homes monitored both in summer and

winter. Liu was a coauthor of the Sexton (1986) paper; Sexton was a coauthor of the Liu (1986) paper.

"There is some confusion about the Colombe data. The text of the paper states that the average concentration in Park 1 was

apparently mischaracterized the 0,16 ppm mean value as 116 ppbv.

'Reported by‘clayton in mg/m'; converted to ppbv £hia range would bhe <20-675 ppbv.

% = 0.11 for Park 2. Moreover, it appears that the mean value of 0.11 for Park 2 was based on 11 homes, not 14.

0.11 ppm and that of Park 2 was 0,16 ppm. The histogram (Figure 4) in the paper shows the reverse: X = 0.16 ppm for Park 1;

ARB

‘Four experimental homes built in Indiana as described By Clayton (14} did contain specific information on usage rates of

pressed wood products. A separate report (15) was prepared describing these experimental manufactured homes.

was coauthored by persons from Clayton, HPMA and NPA.

That report
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Table 2 - Formaldehyde Concentrations Cited by ARB in California Conventional Homes
Avg. Conc. Range No. of When Age Profile Hood Product
Study {(ppbv) {ppbv) Homes Sampled of Homes Usage Sampling Remarks
Rogozen 50 18-120 64 (older) Jan.-June  Avg. age Limited LBL Avg. conc. of homes with
et al., 1903 20+ years information; T~day new kitchen cabinets
1984 85 46-153 6 (new) see remarks passive {N=5) was 56 ppb.
: diffusion Avg. conc. of homes with
sampler no new kitchen cabinets
{(N=53) was 49.3 ppb.
Sexton as 13-85 51 January 4% of homes No LBL Avg. conc. reported as
et al., (see {whole 1984 less than information T-day geometric mean,
1986 remarks) house) 2 yrs. old; passive Arithmetic mean reported
96% of homes diffuaion was 38 ppbv.
6 yrs. old or sampler
, older
Wagner See footnote 1 below
1982

'The report by Wagner was unavailable to these reviewers at the time of this analysis.
1982, the 12 homes surveyed would have been built prior to that date.

Since the report was published in
If there had been any newer homes in the Wagner

study, it is unlikely that they would have contained any significant quantmtiea of wood products made with low-emitting
formaldehyde adhesives.
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R EEIY HARDWOOD PLYWOOD MANUFACTURERS ASSOCIATION
G 5/1/13%2

ESTIMATED NATURAL EZRDWOOD AND DECORATIVE HARDWOOD
WaLL PANELING PRODUCTION

Total
Natural Eardwood Kardwood
Hardwood Decorzative Plywood thex
Paneling Paneling Paneling Pznsling
Year mil £¢’ mil ft' mil £t’ ril £2?
sur. meas. % suzr. Eeas. L] sur. meas. 3 ur CE3S.
1990 113 i1 540 89 1053 100 1,222
© 1989 12% it 1073 89 1202 100 1,33
1988 151 11 1273 89 1426 100 1,3:3
1987 155 10 1459 S0 1605 100 1,3:3
1986 135 8 1£55 92 1600 100 1,233
1985 172 11 1428 89 1600 100 1,12z
1984 191 i1 1507 8% 1653 100 1,223
1983 285 18 1327 . 82 1612 100 1,132
1982 238 22 11438 79 1446 100 1,€33
1981 345 22 1231 78 1576 100 1,077
1880 480 22 1€ss 78 2176 100 1,235
1979 416 15 2508 85 . - 2824 . 100 1,31z2
1978 357 10 3143 90 3502 100 1,€:2
1977 376 11 3141 89 3517 140 1,330
1976 415 12 3035 -88 _3450 100 1.433
1875 430 14 2683 86 3118 100 1,133
1974 558 16 2933 84 3498 © 100 1,873
1973 742 17 3574 83 4316 100 1,237
1972 574 18 4343 82 . 5317 100 1,223
1971 1168 22 4065 78 5234 10¢ _1.232
1570 716 17 3421 83 A 4137 100 €z2
1969 T 785 . 21 23935 7% 3731 100 3:z
1968 668 23 2253 77 - - 2%21 100 -

NOTES: 1} Figures for hazxzdwood plywood wall paneling ara from H2MA a:ﬁ:;l_
surveys that have been adjusted to include projections for '
companies that did not report during the survey year.

2} Decorative paneling includes la2uan and other similar species Th2t
are colortoned, printed, paper overlayed and vinyl overlavel.

3) Figures for Other includes softwood plywood, hardboard, gypsi:,‘
and particleboard pzneling but does not include figures for all
sources and understates the actual quantity in the categizy.

-
WpS.0:Estpanel.pro 000&-13

1225 Alichaet Faaday Drive, P.O Bux 2759 Reston, va 220730
Phone: 703125 2200 FAN, 7Q0U435 2537



HISTORICAL SUMMARY

PARTICLEBOARD* _
(Thousand Square Feet - 3/4 inch Basis) MEDIUM SHIPMENT | AVERAGE
MOBILE DENSITY VALUE® PRICE?
YEAR wome | FIBERBOARD’ (81,000,000} (Ooitars/msf)
’ TOTAL  INDUSTRIAL UNDERLAYMENT DECKING {ms) PTE  MDF PTE  MOF
1589 | 245,385
1560 231,958
1561 291,227
1962 356,028 105.667
1563 | - 455,813 118,876
19864 251,697 162,328 _
1955 753,005 282555 . : 72.1 113
1568 817,612 375923 8a7 100
1967 1,074,155 455 531 97.1 52
1568 1.291.177 527,450 1419 163
1988 1,681,833 : 551,858 200.3 124
1670 1,731,481 595,427 1594 &
wn 2,259,221 753411 2083 %0
1972 u 3,079,123 §41.353 2849 54,
1973 * 3,260,450 2,107,532 850538 451,963 394 114
1974 = 3.074,535 1,849 624 $01.353 . 313558 3474 1s
1975 3 2,502,280 1,492,032 783007 226 541 215,496 2726 M4 1 17
1978 2 3188911 1535713 1.0092321 276,968 200036 3849 B4 195 155
1977 1 1,525 450 1 005 584 299152 441384 L ABLS - 84S, 1B 208
1978 . 3,720,360 1,629,745 1,148858 273,139 08,416 184 1149 20 24
s < 3.376.488 1.674.505 1,103 565 284,849 806,728 743 1387 170 270
1580 o 2.949,867 1,501,748 83575 223,430 483,140 8311 482 1w 24
a

1981 = 2,869,152 1,531,309 . 780,487 218,478 516,102 EMSE | 1754 17 30
1982 * 2,393,068 1,306,851 653,729 176937 445,157 a2 1448 196 324
1563 3.009.343 1,730,129 297,667 190,157 804,323 8070 1580 22 a2
1554 2,195,538 1.943,842 729875 157,553 63974 es74 2168 218 341
155 330,517 2.015.544 Yi8TT2 159,213 564,503 6758 2425 P
1536 3.602.757 2239248 742781 154,530 760,598 1 7630 2072 } 223 32
1987 3,705,550 2468378 620712 158,454 T 899282 8325 3031 225 a7
1888 . 3829021 2739808 513545 142,126 ge71? | 8585 3014 224 32
1689 3,653,226 . 2,933,072 325678 126,251 970,001 8821 3148 229 322
1850 3,806,018 2428274 343324 123788 949915 224 07 216 327

1 Cartifiable Board - Particleboard manutactured 10 have Farmaidehyce Emissions at or belaw 0.30 pans per million at 0.13 squars tee? per eiibic foct
loading and 0.5 air change per hour, or MOF manufactursd to have Formaldahyde Emissions at or below 0.30 parts per millian at 1) 0.C8 square feat Dar cubic
foot loading or 2) 0.13 square fest per cuble foot loading and 0.5 air change per hour. Board manufactured (o Be certitiable is not necessarily third

party certitied.
2 \iDF certfiable at 0.08 squate fest par cubic foot loading includes MOF cartitisdle st 0.1 squara feat per cubic toct loading.
‘i 1978, NPA began wutilizing data basad on a_hlpmmu. Pricr 1o 1978, all data was basad on production.

4 panicieboard shipment and production data does not include sxtruded board. Data Irem ane waterboard pfant s Included in the 1575-1531 figures.
The autput of the plant s probably bras than 2% of the total.

S Exyuded particlsbaard i Included bn the value of shipments and price figures prior 10 1977. Extruded doard accounts for less than 1C% of the
total production betwaen 1963 and 1960, and 2% or luss of the total production from 1969 twough 1576,
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Manufactured Housing Institute

1745 Jefterson Davis Hwy, Suite 511 _ Tel: (703) §79-6620
Arlington, Virginia 22202 Fax: (703) 486-0938

September 27, 1991

Mr. George Semeniuk
Chemical Control Division
Office of Pesticides and

Toxic Substances
Environmental Protection Agency
East Tower (TS-754)
401 M Street, SW
Washington, D.C. 20460

Dear George:

This follows up the June 13 meeting our staff had in your office concerning formaldehyde
releases from pressed wood products used in home construction. We indicated that we would
advise you when we had completed a survey of panels and boards used in the assembly of
manufactured homes.

As the enclosed summary of the survey reflects, we asked our members to indicate the

quantity used for eight types of panels and boards. The responses represented the production
of gver 69,000 homes, or about 42% of the anticipated total industry production for 1991.

In our survey we asked for manufacturers’ test results for any recent tests they conducted
on formaldehyde levels in HUD-code homes. No information was provided by our members.

When you have had the opportunity to review the survey results, if you have any
questions, please do not hesitate to contact me. :

Sincerely,

WA

Frank Walter, P.E.
Vice President

Technical Activities
Enclosure '

cc: Linda Smith, Assistant Administrator
for Pesticides and Toxic Substances, EPA
G. Robert Fuller, HUD Manufactured Housing & Construction Stds. Div.
David Nimmer, HUD Office of Manufactured Housing and Regulatory Functions
Steve Winistorfer, Forest Products Laboratories
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Manufactured Housing Institute

1745 Jefterson Davis Hwy, Scit2 511 Tel: (703) 978-6620
Arlington, Virginia 22202 Fax: (703) 486-0938

FORMALDEHYDE-CONTAINING MATERIALS SURVEY RESULTS

The Manufactured Housing Institute conducted a member survey of formaldehyde resin .
use in wood paneling, flooring and cabinets over the 1991 summer. Responses accounted for
69,087 manufactured homes® produced or planned for assembly in 1991, or about 42% of the
total industry’s expected production. As such, they are statistically significant. '

The survey results are as follows:

TOTAL REPORTED % OF REPORTED
TYPE OF MATERIAL HOMES USING HOMES USING
Gypsum wallboard 67,223 97.3
UF hardwood panel walls 1,880 2.72
Med.-density UF fiberboard 50,997 73.8
vanity fronts :
Med.-density UF fiberboard 45,469 65.8
kitchen cabinet fronts -
UF particleboard decking 33,157 48.0
PF oriented strandboard 31,230 452
decking
PF plywood decking 12,807 18.54
PF particleboard decking 1,604 2.32

* Manufactured homes (sometimes referred to as HUD code homes) are constructed to the
federal Manufactured Home Construction and Safety Standards (24 CFR 3280)

The figures show gypsum wallboard, which does not contain formaldehyde, was used in
nearly all homes produced, compared with UF resin-based hardwood paneling, which was used
in less than 3 percent. UF particleboard and PF oriented strandboard were nearly tied ‘for
decking/flooring use, while PF particleboard decking/flooring was used in about 2 percent of
the homes. Medium-denisty UF fiberboard vanity fronts are used in nearly three-quarters of
manufactured homes. ,

000216 September 27, 1991



Appendix 3

rechnical Information on piffusion Barriers and Decay

Effect of a Decorative Vinyl Overlay on Formaldehyde
Emission - 1984

NPA Technical Bulletin - Formaldehyde Emission Barriers
for Particleboard and Medium Density Fiberboard (MDF) -
1991

A Perspective on Home Occupant Exposures to Formaldehyde
Gas from UF-Bonded Hardwood Plywood and Particleboard
Building Products - 1990

HPMA and KCMA Letter of August 15, 1991 to EPA and .-
Decay Profiles for Formaldehyde Emissions from UF-Bonded
Wood Products - August 15, 1991 - : - : RS
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Appendix 1

Histograms
Reduction in Formaldehyde Emissions - Particleboard

Reduction in Formaldehyde Emissions - Hardwood Plywood

Reduction in Formaldehyde Emissions ~ MDF
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Appendix 2

Changing Use Patterns

Estimated Natural Hardwood and Decorative Hardwood
Wall Paneling Production - 5/1/81

Historicai Summary of particleboard and medium
density fiberboard production data - 1990

Manufactured Housing Institute letter of September 27,
1991 to EPA and Formaldehyde-Containing Materials
Survey Results
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REDUCT!ON IN FORMALDEHYDE EMISSIONS

FROM U-F MADE MDF 1980-1891
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Notes: 1) Insufficient Industry Wide Data For 1985, 1986, 1987, 1988

2) Data For 1991 as of August 1, 1991
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PERCENT REDUCTION
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The Formaldehyde Institute

e e 6 ' a e e’ ml8 0 S ey it e et e
1330 Connecticut Avenue, NW o Suite 300 o Washington, DC 20036-1702 < 202.659.0060

Cctoper 18, 1991

Genevieve Shiroma, Chief

Toxic Air Contaminant Identification Branch
Stationary Source Division

Air Resources Board

1219 K Street

Sacramento, California 95812

Re: Formaldehyde

Dear Ms. Shiroma:

Enclesed are two copies of the preliminary comments of
the Formaldehyde Institute, Inc. respecting the September 1991 "SPR
Draft Version" of the "Proposed Identification of Formaldehyde as
a Toxic Air Contaminant."”

The Institute’s opportunity for review of the current
version has been inhjbited by the short period since issuance of
the draft. Much of the information in the current version --
particularly the highly complex risk assessment calculations
presented in Appendix A -- was not available for review in the
earlier draft and is not based in published literature. The prior
plans to defer the October 22 meeting further 1limited the
Institute’s efforts. The Institute has expert review of Appendix
A underway and expects to submit further comments in the near
future. Accordingly, the Institute requests extension of the
comment period for a reasonable period after October 22 to allow
further opportunity for expert review and comment.

Respectfully submitted,

VA

6ohn F. Murray
President

Enclosures

] DA



The Formaldehyde Institute
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1330 Connecticut Avenue, NW o Suite 300 o Washington, DC 20036-1702 o 202.659.0060
BEFORE THE STATE OF CALIFORNIA AIR RESOURCES BOARD

COMMENTS REGARDING SEPTEMBER 1991 DRAFT DOCUMENT ON
PROPOSED IDENTIFICATION OF FORMALDEHYDE
AS A TCXIC AIR CONTAMINANT

The Formaldehyde Institute, Inc. ("the Institute")
offers the following comments on the September, 1991 "Draft SRP
Version" of the "Proposed Identification of Formaldehyde as a
Toxic Air Contaminant®, issued by the California Air Resources
Board (™CARB").

EXECUTIVE SUMMARY
Inrits March 26, 1991 opening comments, the Institute

focussed on several flaws in CARB‘s February 1991 "Preliminary
Draft" document:

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

(2) The Preliminary Draft uses an interspecies scaling
factor which significantly overestimates the true risk
of formaldehyde exposure.

(3) The Preliminary Draft 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.

0o0Leq
07)



(4)

(5)

(6)

(7)

The Preliminary Draft improperly concludes that
formaldehyde is genotoxic in vivo.

The Preliminary Draft relies upon pdorly-conducted
studies in deriving a conclusion that formaldehyde is
likely to be carcinogenic by the oral route.

The Preliminary Draft incorrectly suggests that benign
tumors are meaningful in assessing cancer risk of
formaldehyde.

The Preliminary Draft gives undue weight to a few
poorly-controlled studies finding hyperplasia in

) exposed workers.

The September, 1991 Draft Document reflects some

revisions from the earlier version, most notably in its

recognition of some of the DNA cross-linking data developed by

the Chemical Industry Institute of Toxicology (*"CIIT").

Regrettably, however, the September, 1991 version continues many

of the deficiencies of the earlier version:

(1)

(2)

(3)

(4)

(5)

(e)

The CIIT monkey data are rejected in favor of use of
rodent data which is unquestionably less relevant to
humans. : :

In contrast to EPA and other organizations that have
considered incorporation of cell proliferation data in
risk assessment, the Draft states that these data
jncrease the risk prediction. .

The Draft totaliy_ighores published studies indicating
that while formaldehyde is weakly genotoxic in vitro it

. does not have the same effect in the live animal.

'The'one*siéed preéentatidn of-epidéﬁiologic data -

continues and analysis relating to the conclusion that
formaldehyde does not cause cancer in humans is
ignored.

The Draft fails to respond to the Institute’s comments
respecting the Edling and Holmstrum reports respecting
hyperplasia.

Erroneous reliance is placed on the ingestion study by
Soffritti.

GC0:225



Each of these points is set forth in more detail below.

The short time for public review has precluded full
comment on the new, highly complex risk assessment calculations
presented in Appendix A of the Draft. The Institute shortly will
be submitting technical comments respecting those calculations.

I. CARB SHOULD CORRECT ITS USE OF ANIMAL DATA

FOR RISK ASSESSMENT PURPOSES
A. CARE_Imprope ejects the C onkev Data

It is both incontrovertible toxicology doctrine and a
specific finding of the U.S. Environmental Protection Agency that
primate data are more relevant to humans than rodent data. As
EPA stated, the predicted risk level using the rat DNA cross-
linking data is believed to overestimate true risk. EPA
reiterated that the data showing lower DNA croséQIinking in
monkeys are more significant to the likely effects in humans:

As stated before, nonlinear dose responses 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. 7
EPA 1990 Risk Assessment, Ex. 2, at 4, 70.7 See also

Monticello, et al., "Effects of Formaldehyde Gas on the"

1 All exhibit references are to the Institute’s March 2§,
1991 filing. All exhibits discussed herein are appended
again for CARB’s convenience.

G00226
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Respiratory Tract of Rheéus Monkeys: Pathology and Cell
Proliferation,” Am. J. Path, 134:515 (Mar. 1989).

| EPA’s conclusions were based in part on extensive
research, published in 1990 by Drs. Heck, Casanova-Schmitz and
Starr of CIIT,? based on ongoing primate studies following on
their previous experiments with rodents. That research concluded
that response to formaldehyde i# highly species-specific and that
the primate data should result in a reduction in the cancer risk
estimates for formaldehyde:

Inhaled formaldehyde does not impair pulmonary function
and does not induce airway hyperactivity 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 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.

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 same
concentration range. - - s ' S

In Rhesus monkeys, absorption occurs primarily in the
nasal cavity, and very little penetrates to the lung,

2 Heck, Casanova-Schmitz & Starr, "Formaldehyde Toxicity --
New Understanding," £rit.. Rev. Toxicol.  20:397-426
(1990) . | S |
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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.
Id. at 41, 43.

The current Draft fails to give proper recognition to
the role of interspecies variability and to the uncontroverted
fact that primates are considered to be much better models for
humans than the rat. In partial recognition of the primate data,
the revised version presents a metabolically-adjusted contact
scaling factor that results in an 18-fold adjustment below the
best value used in the draft document. Howéver, as discussed in
the Institute’s March 26, 1991 comments, full incorporation of
the CIIT monkey data would reduce the predicted risk by a factor
of $4. CARB should adopt the full édjustment as the scaling
factor that would yield the best prediction of risk.

The short time for comment has limited the Institute’s

opportunity for review of the complex scaling-factor calculations

presented in Appendix A. However, preliminary review indicates:

. CARB is presenting a new approach to development of a
scaling factor that is not based in the published
literature.

. There are myriad assumptions that are simply stated

without support. Two Kkey examples are: (1) derivation
of nasal penetration data for monkeys from the high
exposure level, rather than from the lower exposure
level which would be more analogous to the human
experience; and (2) use of the upper bound for the
nasal penetration data in the rat. Despite the
numerous assumptions, there is no discussion of the
effect of uncertainty. :

L In many respects, CARB‘s approach does not reflect data
specific to formaldehyde.

000Z2E



» The calculations in Appendix A make errors respecting
the body weights of monkeys and rats.

. In view of the numerous unsupported assumptions that
form the basis for the scaling factor calculations,
CARB’s support for its default scaling factor —- that
it is an intermediate value between scaling factors
using other approaches -- is entitled to no weight.
The full adjustment using the monkey data would yield
the best estimate of risk.

Other aspects of the calculations in Appendix A also
appeér to be in error. For example, the time-to-tumor
calculations appear to vary significantly from the time-to-tumor
conditions actually observed in the CIIT study.

The Institute expects to submit technical comments
respecting Appendix A in the near future. Especiallf in view of
the absence of precedent or published support for its approach,
CARB should extend the comment period to enable review and
consideration of those comments.

B. . CARB Gave .Insufficient Recognition to
Cell Proliferation and Therefore to
t o [+

CARB ‘has failed to recognize, as did EPA, that airborne

concentration is a more 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
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
formaldehyde 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
cuserved.

EPA Formaldehyde Risk Assessment Update -- Preliminary Analysis
Discussion of Evidence, Sept. 28, 19%0, ExX. 5, at 4; see Comments
of Dr. James A. Swenberyg, Mar. 25, 1991, at 4; Comments of Dr.
Thomq; B. Starr, Mar. 26, 1991, Attachment B, at 6.

EPA’s findings were based in part on new research
confirming 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
dépend non-linearly on concentration. 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 increasing
concentrations. S

(2) Increased turnover resulting from a single
infliction of severe tissue damage was insufficient by
jitself or when coupled with exposure to a low
concentration of formaldehyde (< 1.0 ppm) to induce
nasal cancer in rats. A statistically significant
tumor incidence was observed only when tissue damage
took place in conjunction with exposure to a very high

-7 -
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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. . . .

* * * *

{(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 conditions,
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
0.7 ppmn.

(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 following
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
51gn1f1cantly increased by inhalation exposure.

A report by V. Feron and R. Woutersen, "Role of Tissue
Damage in Nasal Carc1nogene51s“ (TNO-CIVO) (presented to
Toxicology and Nutrition Institute, Zeist, The Netherlands)
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(Sept. 1988) (the "Feron Report"), concluded from the CIIT data
that human exposure to non-cytotoxic levels of formaldehydé
represents a negligible cancer risk. Feron found that malignant
tumors occurred in rats exposed to 10 ppm, concentrations that
were observed to cause severe tissue damage. The ?eron Report
provided examples.of human cancers which develop in chronically
injured tissue, such as skin cancer and colon cancer, and noted
that "[c]ytotoxic effects and epithelial hyperproliferation
appear to play an almost essential role in the development of

s in rats exposed to formaldehyde."

With respect to the Feron study and a more recent study

by Woutersen,’ CIIT recently stated:

These results_demonstrate that irreparable tissue

damage and cancer can occur in rats exposed
subchronically to formaldehvde, but that the jnduction
of cancer appears to requiire very high concentrations
of formaldehvde. . . . '

The current Draft offers two arguments in support of
its failure to consider the cell proliferation -data. First, CARB
asserts that incorporation of the cell proliferation data |
actually would increase the prediction of risk. In fact,
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

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

ppm Formaldehyde," J. Appl. Toxicol. 9:39 (1989).

-9
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to EPA, Oct. 25, 1990, EX. 6; Comments of Dr. James A. Swenberg
to EPA, Oct. 19, 1990, Ex. 7. Second, CARB asserts that cancer
was observed in rats at € ppm, although there was no evidence of
cell proliferatibn at that level. In fact, there was evidence of
some cellular effects at 6 ppm; further, the tumors observed at 6
ppm were not statistically significant. These issues will be
addressed in more detail in the Institute’s forthcoming technical

comments.
C. QABE_§QQ2lQ_QQn§iQgI_LhQ_QQBEQZ_BL§3_5§§2§§EEDL
CARB also ignored the CanTox report. As discussed in
" the Institute’s March 26, 1991 comments, CanToXx, Inc. conducted a
comprehensive literature review of all formaldehyde health
effects studies, including laboratory animal and human
gpidemiology studies. CanTox prepared a biological risk
assessment utilizing data on respiration rate, respiratory tract
physiology, mucociliary clearance mechanisms, cytotoxicity, and
DNA repair. cCanTox, Inc., "Biological Risk Assessment of the.
Potential Carcinogenesis from Exposure to Airborne Formaldehyde,"
(oct. 27, 1988), Ex. 4. CanTox reached the following conglusion:
the data.démonstrate 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.
I4. at viii.
canTox reached the following findings with respect to
specific a#pects sf the Bislﬁgicél data:
- 10 -
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Protective Mechanisms. The average human aduit

produces about 51 grams per day of formaldehyde as a metabolite
for use in building essential body chemicals and in breaking down
other 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 fractiocn to 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 cellﬁlar metakbolism 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 conclusions regarding the biological data that indicate
a non-linear response to formaldehyde -- in other words, that the

cancer observed in laboratory rats at 14.3 ppm results from

4 CanTox referred to studies by CIIT using rhesus monkeys
that showed no significant increase in blood formaldehyde
concentration following exposure to 6 ppn 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. Id. at 31-32, 74 (citing Casanova-
Schmitz, et al., "Formaldehyde (HCHO) Concentrations in

the Blood of Rhesus Monkeys Exposed to HCHO by
Inhalation" (198%); Monticello, et _al., "Effects of
Formaldehyde Gas on the Respiratory Tract of Rhesus
Monkeys" (1988)).



persistent cytotoxicity at high doses and would not be expected

to occur at lower levels:
[Albove 2 ppm . . .[n]Jormal metabolism and repair
functions would begin to become saturated and there
would be a greater chance of formation of DNA-protein
cross-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 variatjon. CanTox noted that "[tjhe
occurrence.of-high local concentrations of formaldehyde in the
rodent, as influenced by the unique geometry of the rat nasal
cavity, leadé to hyperproliferati?e responses that are critical
to the development of cancer in that species." Applying the
recent CIIT‘d;ta;.é;ﬁfé§:élsd conaluaed that there are
subsﬁantiﬁi speéies differences which make humans less
suséeptihle to the effects of formaldehyde than rats:

N ﬂﬁfﬁé'féésifatdE§iffac£'6f 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 extrapclation of formaldehyde

- ool - .-

. CanTox .also.described the recent results of an improved

analytical method developed by CIIT to determine the’

--. -extent.of binding of formaldehyde 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 1limit 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."” Jd. at 86 (citing
casanova-Schmitz, et al., supra).
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data from rodents to humans would result in an
overestimation of expected cancer incidence.

Id. at vii-wviii.
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.

II. PUBLISHED STUDIES SHOW FORMALDEHYDE IS NOT
GENOTOXIC JIN VIVO

The Draft Document’s discussion of genotoxicity
continues to be one-sided. While formaldéhyde has been shown to
be weakly genotoxic jn ¥itro, the Draft ignores the thrust of the
Institute’s March 26, 1991 comments -~ that as a result of
protective mechanisms formaldehyde is not genotoxic jn vive. The
Brusick study® showed formaldehyde is not mutagenic at levels up
to 25 ppm in live animals repéatedly exposed through iﬁﬁalation.
In live animals, the presence of various defense mechanisms (such
as metabolic deactivation of inhaled formaldehyde, éellular' |
repair processes, and the protective action of mucﬁs) affect the

action of formaldehyde.

6 Brusick, "Genetic and Transforming Activity of

Formaldehyde," in Formaldehvde Toxicity (Gibson, ed.,
1983) at pp. 72-84.
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A panel of scientists which reviewed the literature on
genotoxicity in a report for the government of Ontario concluded:

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

The results of in vive studies of genetic toxicity are
equivocal and positive 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 aberrations in wvivo.

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 vivo. The nasal mucosal epithelium has not
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), Ex. 1. Genotoxicity
studies are, of course, of less relevance given the extensive
data base on animal carcinogenicity and mechanism research.
III. scuss ) _ S ONE-S
As the Institute pointed out at pages 21-42 of its
March 26, 1991 comments, CARB's-discuésion of the epidemiologic
data is one-sided, ignoring that there is no overall excess risk
of cancer among formaldehyde workers. The Institute will not
duplicate that discussion here, but finds it especially’

disappointing that CARB totally ignores the refutation of the

Sterling data by Dr. Gary Marsh of the Universiffi@f_?ittsburgh

. 4 -
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who performed a reanalysis of the NCI cohort data.’ The
reanalysis corrected several flaws in the Sterling work,
including failure to properly classify exposures and failure to
statistically evaluate trends in the results relative to the
different measures of exposure.

Marsh first compared its data set, which was in
rexcellent agreement" with the Blair data, and the data set used
by Sterling and Weinkam. Marsh found that Sterling and Weinkan
apparently made several cohort data management deqisions which
were not typical of current epidemiological practice, including
(1} exclusion of deaths with no death certificates, (2) exclusion
of deaths with unknown vital statistics, (3) inclusion of unknown
job types with hourly workers, and (4) for purposes of the
observed death data, inclusion of unknown race with the non-white
cohort. However, even after taking these data management
decisions into account, Marsh found that Sterling and Weinkam
apparently made a significanéVEGuﬁting error in computing person
years at risk. Marsh Report a£ pages 8-9.

Marsh then reanalyzed the data to correct ;everal flavws
in Sterling and Weinkam‘’s analysis, including failure to properly
classify exposures and failure ﬁo'statistically evaluate trends

in the results relative to different measures of exposure. Marsh

stated:

7 Marsh, et 2al., "A Reanalysis of the National CcCancer
Institute Study on Mortality Among Industrial Workers
Exposed toVFormaldehyde“ {Mar. 19%9¢), Ex. 15.

- 15 -
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We did not confirm Sterling and Weinkam’s finding of an
increased risk for lung cancer mortality as a function
of cumulative formaldehyde exposure, adjusting for
length of exposure. Lack of adjustment for length of
exposure did not mask a positive association . . . .
We found no evidence of a positive trend with
cumulative exposure in the models we considered . . . .
There was no evidence of confounding by calendar time.
. . . Latency was the only statistically significant
exposure measure among those we considered (cumulative
exposure, average exposure, length of exposure,
exposure with particulates, exposure without
particulates, and latency).

Id. at 21. Marsh concluded that "[u]nlike Sterling and Weinkam,
none of our estimates [relating to cumulative formaldehyde
exposure] were statistically significantly elevated and the trend
with cumulative exposure was not statistically significant." Id.
at 22. CARB’s statement at p. 170 that Sterling was unrefuted is
flatly incorfect and its analysis does not seem objective.
similarly, CARB has ignored the published findings of
the distinguished panel chaired by Dr. John Higginson, the former
chairman of the International Agency for Research on Cancer
(IARC), which rejects the assertion that the epidemiologic data

indicate formaldehyde presents cancer risk to humans.” Based on

review of all of the human epidemiologic studies, including the

& Also participating on the panel were Ole M. Jensen, M.D.,
Danish Cancer Registry; Lec Kinlen, M.D., F.R.C.P.,
University of Edinburgh; Werner H. Kirsten, M.D.,
University of Chicago Medical School; Brian MacMahon,
M.D., Harvard School of Public Health; Genevieve M.
Matanoski, M.D., Dr.P.H., The Johns Hopkins University;
Thomas J. Smith, Ph.D., University of Massachusetts;
Duncan C. Thomas, Ph.D., University of Southern
California. '



recent NCI data, the report 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). Respecting specific
sites for cancer, UAREP found:

° “[N]jeither the presence nor the absence of an
association between formaldehyde exposure and sinonasal
cancer can be said 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 nasopharyngeal cancer, "These shortcomings
and inconsistencies [of the epidemiologic studies)
indicate 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 inhaled
carcinogens." -

o "Morerdata are available about lung canger and
formaldehyde than for any other topical site . . . .
Overall, the evidence is not indicative of an
association between formaldehyde exposure and lung
cancer risk." o : B
Id. at 81-83. The report is cited by CARB, but its findings are
not reflected in the Draft’s discussion of the epidemiology data.

IV. CARB MISCHARACTERIZES THE INSTITUTE’S COMMENTS
REGARDING_THE EDLING A HOLMSTR! IES

The Draft (at p. 171) mischaracterizes the Institute’s
comments on the Edling and Holmstrum studies. The Institute’s

comments addressed much more than the small size of those
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studies. In particular, the Institute raised the following
concerns

° There is no statistically significant correlation
between the observations and degree and duration of
formaldehyde exposure.

° Alterations of the nasal mucosa have many possible
causes, including smoking and passive smoking. There
was insufficient examination of the confounders.

° The control group was too small to be representative of
the population as a whole.

e There is insufficient characterization of the
formaldehyde exposure levels.

° These results are inconsistent with other studies of
the nasal mucosa of formaldehyde-exposed workers.
Berke, et al., 29 J. Occup. Med. 681 (1987) .(finding no

associated of abnormal cytology and formaldehyde

exposure when controlling for age).

See Comments provided in Ex.fzo. CARB has failed to consider or
respond-té.these points. |
V. S (4] ]

CARﬁ also relies on the suspect Soffritti [ingestion
study] in lieu of [a] well-conducted inggstion_study’ such as
the Til fstudy] that find that formaldehyde is not tumorigenic
even at high doses. As the Institute pointed out in its
March 26, 1991 comments,

° The Soffritti study does not indicate the substance
being ingested. Because the report mentions impurity

by methanol, it is possible that the study used
formalin rather than formaldehyde as the test material.

e Incidence of stomach tumors -- the observation on which
the authors rely for their conclusions -- did not

9 Til, et al., ."Two-Year Drinking Water Study of
Formaldehyde in Rats," 27 Food Chem. Tox. (1989).

Tl
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differ significantly from the background rate observed
in historical controls. An increase in the embryo
group appeared only by combining different stomach
tumor types with various gastrointestinal tumors. The
tumors did not exhibit a clear dose-response
relationship.

e Th2 report does not present statistical evaluation of
the data or time-to-tumor information.

° The test animals were not sacrificed at designated
intervals, but rather were allowed to live until
spontaneous death, which would be expected to result in
a higher cancer incidence rate.
° There was no analysis of clinical chemistry,
urinalysis, hematology, or non-cancer pathological
response. These gaps make interpretation of the study
results difficult.
Detailed comments on the Soffritti study were provided in Exhibit
19.

In contrast to the Soffritti and Takahashi studies, the
Til study was a state of the art study, more extensive, more
fully analyzed, more carefully monitored, and more definitive.

The September 1991 Draft (at 182) states that CARB
would be willing to consider any published rebuttal or critique
of the Soffritti study but that no such publicatiohs are
available. That is incorrect. Drs. Feron, Til and Wouterson,
distinguished scientists with the independent TNO-CIVO Toxicology
and Nutrition Institute in the Netherlands, have published a
letter critiguing the study, including the absence of "crucial
information on procedures and histopathology of non-neoplastic
lesions . . . ." Feron, et al., "Letter to the Editor," Tox.

Ind. Health 6:637-38 (1990), Attachment A. Further, it is .

important to note that Drs. Feron and Til have attempted to

gobieaz



contact Drs. Soffritti and Maltoni by letter and telephone on

numerous occasions to seek to resolve the differences in results

of the Til and Soffritti studies. No response has been

received.® Under these circumstances, the Soffritti study

should be accorded neo weight.

L Dr. Feron could be contacted by the CARB staff if further
information were needed.

- 20 =
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CONCL,/ ON

Although the September 1991 Draft Document reflects
some improvement over the earlier Preliminary Draft, many of the
comments by the Institute and Drs. Starr and Swenberg have not
been adequately addressed. Further, additional time is needed to
address the new and highly complex calculations presented in
Appendix A.

Extension of the comment period to enable consideration
of the Institute’s forthcoming technical comments, as well as
further attention to the Institute’s March 26, 1991'coﬁments as
discussed herein, could provide CARB with better scientific basis
for a decision whether to list formaldehyde as a toxic air

contaminant.

Respe tfully subnitted,

ohn F. Murray

President

FORMALDEHYDE INSTITUTE, INC.
1330 Connecticut Avenue, KN.W.
- Suite 300 :
Washington, D.C. 20036
(202) 659-0060

Of Counsel:

Sara D. Schotland

W. Richard Bidstrup

CLEARY, GOTTLIEB; STEEN
& HAMILTON

1752 N Street, N.W.

Washington, D.C. 20036

(202) 728-2799

October 18, 1991
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ATTACHMENT A
Toxicology and Industrial Health, Vol. 6, No. 6, 1990 637

LETTER TO THE EDITOR

Sir—In their article on 104-week drinking water studies of formaldehyde in
Spraguc-Dawley rats Sofiritti et al (1989) concloded that “formaldehyde must
be considered a multipotential experimental carcinogea”. The results of their
studies, in combination with the well-known fact that prolonged inhalation ex-
posure to high, cytotoxic concentrations of formaldchyde vapour may lead to
nasal tumours in rats, formed the basis of this conclusion.

Wedisag:eewith:hisoonciusiunandwcdonotseethatﬁuprdimimrymmts
reported by Soffritti ¢t 2l would justify such a bold conclusion. These authors
mponedinmsedinddumofleukm-sandgasuo-intestmdmmoursinfor-
maldehyde-treated rats. However, statistical analysis of the tumotr data (Fisher's
exact test; two-sided) showcd that for leukemias there was in no case statistical
ﬁgniﬁamewhenthehﬁdemuinmmupswmmpamdwiththouinthc
methyl alcobel control group. Moreover, a search in the literature for historical
control data on Spraguc-Dawiey rats of the colony vsed demonstrated that jeo-
kenﬂainﬁdemsinwofhnﬂuﬁwmrohmywidely(ﬁﬁberﬁeta,
1988; Conti et al.. 1988; Cotti et al., 1988; Maltoni ct al., 1988; 1989) and may
be as high as 19% (males) or 14% (males + females) (Maltoni ct al., 153§).
This may also be valid for studies using other colonics of Sprague-Dawley rats
(Arnold et al., 1985; Berger et al., 1985). Therefore, the somcwhat high inci-
dences of leukemias (at most 22% in males or 18% in males + females) in
several test groups of the Soffritti et al-study may weil be chance cffects unrelated
to formaldehyde ingestion. -

The incidences of gastric and intestinal tumours were statistically significantly
increased in formaldeltyde-treated offsprings (but not in breeders), and when
taken together as gastro-intestinal tumours also in the high dose group of rats
7 weeks old at the start of the study. Gastro-intestinal tumours were found in
both breeders and their offspring, and in the groups of 7-week old rats receiv-

ing 10, 50, 1000 or 1500 mg/1, but not in rats receiving 100 or 500 mg formalde- -

hyde/l. In addition to the striking distribution of the gastrointestinal tumours
over the various groups i.e. the lack of a dose-response rclationship, the strong
heterogeneity of both the gastro-intestinal tumours {adenomas, adenocarcino-
mas, squamous celil carcinomas, , acanthomas, leiomyomas and leio-
myosarcomas) and the leukemias (lymphoblastic leukemia, lymphoblastic sar-
coma, immunoblastic lymphosarcoma and other types of leukemias and kaemo-
lymphoreticular sarcomas) is remarkable.

it is also striking that, apart from gastric papillomas. none of the tumour types

Toxicokogy and Induswial Health, &6, pp. 37-239
Copyright 1990 Princeton Scicaufic Publiskiag Co.. Inc.
ISSN: 0748-2337 :
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638 Letter to the Editor

mentioned i1as been observed in any of the other long-term oral {or inhalation)
studies with formaldehyde in rats reported 50 far (Takahashi et al., 1986; Til et
al.. 1989; Tobe et al., 1989). It is surprising that none of these oral studies have
been discussed by Soffritti et al (1989): Takahsshi et al published their study in
1986, and preliminary results of the Tit et al-study were aiready reported during
international meetings in 1986 and 1988 (Feron, 1986; 1988; C!ary et al., 1988).
The results of these previous studies should have been discussed, parncularly
because they differ dramatically from the findings of Soffritti et al (1989).

As far as the statements of Soffritti et al (1989) regarding humans are concerned
the authors considered from the many epidemioiogical studies published only
the very few older ones included in a review by Neison et al (1986). The pumerous
newer ones were omitted, as was 2 more recent review by an international Ad
Hoc Panei on Health Aspects of Formaldehyde chaired by Professor J. Higgio-
son, previous Director of the International Agency for Rescarch on Cancer
(Universitics Assodated for Rescarch and Education in Pathology, Inc., 1988)
concluding: “For no malignancy in man is there convincing evidence of a rela-
tionship with formaldehyde exposure and furthermore, thatifa telanomhlp does
exist, the excess risk, in absolute terms, must be small”™.

Since crucial information on procedures and histopathology of non-neoplastic
lesions in the Soffritti et al-paper is lacking, the adequacy of the study and the
relevance of the data obtained can hardly, if at ail, be judged. We do hope that
thedeﬁmmemaﬂuwﬂlmnbepublnhedmdwﬂlbedithﬁwhghtof
relevant ﬁndmp of other investigators who published their studies in full detail.

V.J. Feron

H.P. Ti

R.A. Woutersen

TNO-CIVO Toxicology and Nutrition [nstitute
P.O. Box 360, 3700 AJ Zeist, The Netberiands

ARNOLD, D.L., MOODIE, C.A., CHARBONNEAU, S.M., GRICE, H.C.,

MCGUIRE, P.F., BRYCE, F.R., COLLINS, B.T., ZAWIDZKA, Z.Z., KREWSKI,
D.R., NERA. E.A. and MUNRO, I1.C. (1985). Long-term toxicity of hexachioro-
benzene in the rat and the effect of dietary vitamin A. Fd. Chent. Toxic. 23:779-793.

BERGER. M.R., HABS, M. and SCHMAHL, D. (1985). Comparitive carcinogenic

activity af prednimustine, chlorambucil, prednisolone and chlorambucil plus pred-
nisolone in Sprague-Dawley rats. Arch. Geschwulstforsch. 55:429-442.
CILIBERTI, A., MALTONI, C. and PERINO, G. {(1988). Long-term carcinogenicity
bioaysays on propylene administered by inhalation to Sprague-Dawley rats and Swiss
mice. Ann. N.Y. Acad. Sci. 534:235-245.
CLARY, J.J.. TIL, H.P., WOUTERSEN, R.A., HOLLANDERS, V.H.M. and
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
WASHINGTON, D.C. 20460 '

981 PESTICDES At
0T 15 AND TOXIC

Genevieve Shiroma, Chief

Toxic Air Contaminant Identification Branch
California Air Resources Boaxrd

- Attention: Formaldehyde

1102 Q Street

Sacramento, CA 95814

Dear Ms. Shiroma:

We received the document, Propoged Identification of
s X i =) t, but not until October 7,

1991, although the cover letter was dated September 20. Thus
‘there has not been sufficient time to review the document
thoroughly, especially the new sections concerning cell
proliferation modelling and the third interspecies scaling
factor. In an attempt to maet your October 15 deadline for
comments, a preliminary list of remarks follows:

- The Summary (pp. 1-2,1-6) should indicate more clearly which
UCL unit risk estimates incorporated cell proliferation
modelling, and which did not. The discussion concerning
scaling factors is not quite clear, either, as to which unit
risk estimates incorporate which scaling factors. My
understanding from Appendix A is that cell prolifaration
modelling was ultimately not used, and that the defauit
scaling factor of 1.2 was considered most appropriate.
These sections should coordinate better.

» The "best estimate™ UCL on unit risk (p. 1-6) would be
better described as your i ;» because '"best
estimate™ has become statistical jargon which implies a
different situation than the S describes.
Incidentally, this value (7.0 x 107 ppm™?) is close to the
value EPA will be considering the upper value for its range
of UCL values; EPA will not choose a single unit risk
estimate at this time.-

* Raelationship of Predictions to Observed Human Cancer Risks,
P. 2-20 - The use of lung cancer incidence and the
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assumption of 2.0 ppm exposure associated with non-sedentary
activity are not adegquately justified. In relatiomn to
formaldehyde exposure, lung cancer was not as clearly in
excess as was nasopharyngeal cancer in the Blair et al.
study. Concerns were noted in the document explaining why
the excess lung cancer may not be entirely due to
formaldehyde exposure. In addition, it would probably be
more realistic to halve the exposures in less active
scenarios when trying to generalize to other situations,
than toc double the estimated exposures in the Blair study.

p. 2-10, first sentence ~ The estimation method used for the
dosimetric model appears to have involved a least-squares
procedure to obtain a2 best fit between the observed rate of
binding of formaldehyde to DNA (y) and the exposure
concentration (X), instead of a £it between the predicted
and observed values of y, which would probably be a straight
line with a slope of unity.

The discussion of the third scaling factor might be easier
te follow if the dimensional units of the variables were

A more complete list of.ramarks on this document will follow in a
few days from the Health and Envirommental Review Division
(0ffice of Toxic Substances).

cCc:

Sincerely,

’2§u~4-dg'=5?jlh-

Karen A. Hogan
Statistical Analysis and

... .. . .. . Epidemiology Section

T T 7 "pesign and Development Branch
-7 " Bxposure Evaluation Division
Offica of Toxic Substances
US Environmental Protection Agency
401 M st. SW
Washingten, DC 20460 .
SR 202-260-3895 (office)
C T - 202-260-0018 (fax)

E. Margosches
V. va

5. Dawscon
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{ Seo & UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
: W& ¢ WASHINGION, D.C. 20460
e
I“ Hlﬁ‘ec
acT 16 1991

Genevieve Shiroma, Chief

Toxic Air Contaminant Identification Branch
california Air Resources Board

Attention: Formaldehyde

1102 @ Street

Sacramentoc, CA 95814

Dear Ms. Shiroma:

Thank you for providing the Office of Toxic Substances an
opportunity to review the State of Callfornla Air Resources
Board's draft documents, osed entificatio Fo dehyd
as a Toxic Air Contaminant (September, 1951). Regrettably we did
not receive these reports until October 7, 1991, although the
cover letter was dated September 20. Thus, there has not been
sufficient time to review the document thoroughly, especially the
new sections concerning cell proliferation modelling and the
third interspecies scaling factor. In an attempt to meet your
Ooctober 15 deadline for comments, a preliminary list of remarks
follows: -

e The revised cancer risk assessment incorporates several
different methodologies and assumptions (e.g. models,
species scaling factors) and presents as a range of rlsks
which are within two order of magnitude (0.31~41.0 x 10°
ppm!) but endorses the use of the unit risk derived from a
three-stage tissue-based (pharmacokinetics) model with a rat
to human scaling factor of 1.2 as the best estimate of Upper
confidence Limit (UCL) on unit risk (i.e., 7.0 x 107 ppm') .
The Summary (pp. 1-2, 1-6) of Part B Health Assessment
should indicate more clearly which UCL unit risk estimates
incorporated cell proliferation modelling, and which did
not. The discussion concerning scaling factors (Appendix )
is not quite clear, either, as to which unit risk estimates
incorporate which scaling factors. These sections should
coordinate better.
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e The "best estimate" UCL on unit risk (p. 1-6) would be
better described as the reference value, because “hest
estimate" has become statistical jargon which implies a
different situation than the Summary describes.
Reference value is a more neutral term and it should be
accompanied with the appropriate qualifiers as to it
being a current judgement in the midst of a number of
possibilities.

e Relationship of Predictions to Observed Human Cancer Risks,
(p. 2-20, Part B) - The use of lung cancer incidence and the
assumption of 2.0 ppm exposure associated with non-sedentary
activity are not adegquately justified. In relation to
formaldehyde exposure, lung cancer was not as clearly in
excess as was nasopharyngeal cancer in the Blair et al.
study. Concerns were noted in the document explaining why
the excess lung cancer may not be entirely due to
formaldehyde exposure. In addition, it would probably be
more correct to halve the exposures in less active scenarios
when trying to generalize to other situations, than to
double the estimated exposures in the Blair study.

e p. 2-10, Part B, first sentence - The estimation method used
for the dosimetric model appears to have involved a least-
squares procedure to obtain a best fit between the observed
rate of binding of formaldehyde to DNA (y) and the exposure
concentration (X), instead of a fit between the predicted
and observed values of y, which would probably be a straight
1line with a slope of unity.

e The discussion of the third scaling factor might be easier
to follow if the dimensional units of the variables were
included (p. A-14). : :

Please contact Dr. Vanessa Vu (202-260-1256) should you have
any questions regarding these comments and suggestions.

- ‘Cotruvo, Ph.D.

Director

Health and Environmental
Review Division (TS-796)
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COMMENTS ON
THE CALIFORNIA AIR RESOURCES BOARD
PROPOSED IDENTHICATION OF FORMALDEHYDE
AS A TOXIC AIR CONTAMINANT
SEPTEMBER 1991
DRAFT SRP VERSION

3. lnuwoduction
In a preliminary draft report dated February 1991, the Californla Air Resources

Board (CARB) proposed that formeldehyde be dentified us 2 toxic alr contaminant.
CARB based this propossl in past on the Culifornia Department of Health Services’
(DHS) “best value of potency for unit risk” assuciuted with airborne formaldehyde
exposure, namely, 29 x 10% ppbv’ (i.e., 0.029, or approximately 3%, per ppm). Detailed
comments un the Pebruary 1991 draft have been submitied 10 CARB previously
(ENVIRON, 1991). An extensive verbal presentation describing conoerns with the
February draft document, as well as mechanistic issues that require full and proper
consideration, was also made ut the public workshop on formaldebyde risk assessment
held by CARB in Sacramento in carly April 1991,

The draft SRP Verslen dated Sepiember 1991, which is the subject of the present
comments, has reduced CARB's previous unit risk estimatc by over 4-fold, to 0.007, or
0.7%, per ppm. The reduction arises solely as a conscquonce of CARB's election to use
California's defaul: interspecies scaling fuctor of 1,2, rather than the 5.0-fold generic
contact scaling fector that CARB derived and employed previously.

The current draft document does consider two mechanistic jssues in much grmer
detail than did the earlier drafi. First, the role of cnhanced cell proliferation in -~ -
formaldehyde's carcinogeniclty at high airborne concentrations has been explored by
CARB. In faet, twelve distinct dose-response models fncorporating different kinds of cell
proliferation effects on the cumulutive hazard functlon for pasal twnors were fi Lo the’
CIIT bioassay data using speclfic ccll proliforation data (in the form of ratios of labeling
indices) and molecular dosimetry deta (in the form of DNA-prowin crosslink
concentrations), rather thun sirborne formaldehyde concentration, as the independent
varizble. Five of these models were subscquently used by CARB 10 develop unit risk

stimates, which ranged in valve from 0.0011 to .0079 per ppm (withaut interspecies
: aling), This range brackets the corresponding unit risk estimate of 0.0058 per ppm,

hich CARB obtained with a 3-stage version of the conventional multistage modci,

600253
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CARB described this range as “infortnative”, but elected to usc the conventlonal 3-stage
model estimats, after scuting by the 1.2-fold default intarspecios factor, since "no single
cell projiferation approsch appears justified as a beat estimate ut this Ume.”

$e¢on;. CARB examined the implicstions of {is previously derived generic contact
scaling factor (5-fold for rat-to-human extrapolation) by comparing the monkey-to-rat
IYNA-protein crosslink ratio predicted by this factor to the satio that had actually been
observad by Casanova et al. (1989) and Heck et al, (1989). CARB noted that their
gonerie contact sealing factor {2.66 for rat-to-monkey extrapolation) overpredicted the
observed ratlo by more thn 26-fold, and they commented that this large discrepancy
merited investlgation and reconciliation. :

CARB therefore explorcd @ third approach w intesspecles scaling, the “local
dosimetric approuch.” This approach attompted to account for the locai patiern of
formaidehyde deposition from the irhaled alrstream slong the upper respiratory teact
walls. It ylelded & rat-to-human scaling factor of 0.28, approximately 18-fold lower than
CARB's generic contact sculing factor of 5.0, and 4.3-fold lower than ita default scaling:
tactor. CARB nevertheless finally elected to usc its default scaling factor (1.2 for rat-to-
human), stating that “conflicting evidence prevents making & clear case for using elther
form of contact s¢aling fuotor.” ‘ .

In the end, then, the revised quantitative risk estimate recommended {n the
September 1991 draft SRP version of CARB'S formaldehyde document differs from the
earlier cstimate solely in CARB' election to use the default intorspecies scating fetor of
1.2, rather than the generic contact scaling factor of §, While data regarding eell
proliferation in rats and DNA-protein crops-linking in monkeys that wers ‘considared
point 1oward reduced humun cuncer risk, these duta were not uiflized 2t all in CARB's
fina! risk computations. ' '

In our previous couments regarding CARB's February 1991 draft document
(ENVIRON, 1991), we cxpressed a firm conviction thut "the best presently aveilable
sclentific evidence provides & compeliing basis for concluding that CARB and DHS have
overstated the potential human cancer risks from formaldehyde exposure by a very
substantial margin.* Thet conclusion spplies equally well to the Sepiember 1991 drafl, \
becauso the eriticul cell proliferation und DNAsprotein crosslink data have again been
unjustifiably disregarded. Indecd, when only one component of this evidence, namely,
(he extent of formaldehyde-induced DNA-protein crosslinking in monkeys, is fully and
properly taken into socount, then CARE's new upper bound estimate of human cancer
potency I reduced by & factor of approximately 13-fold,

CARBE has also continued to assume that different temporal exposure patterns

corresponding 10 & given continuous lifetime exposure all yield the same cancer risk.
G00LSH
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Becauss this sssumption siands in direct contradiction w the acknowledged amplifying
effects of incroascd cell replication an the carcinogenic process at high, but not low,
formeldehyds concentrations, # introduces udditional conservative blas into CARB's
upper hound estimates of human cancer risk, further cxaggerating the risks assoclated
with low exposure levels. CARD's own computations indicate that this bius muy be ux
large as another 5.3-fold factor, Taken together, CARB's failure to fuily and properly
account for the currently avafiable DNA-protein crosslink and ¢ell proliferation data

imply an overestimatlon of human cancer risk from formaldchyde exposure by as much
as 69-fold. These and other flaws in the reviscd CARB formaldshyde health assessment

are discussad In greuter detuil in subssgueimt acclons of these comments,

2 DNA-Projeln Croulinking

The CARB cancer potency factor of 7 x 107 ppm™ was derived from an analysis
of nasal cancer incidence among rats exponed for up to two years 10 0, 2, 5.6, or 14.3
ppm formaldehyde vapor for six hours per day, five dgys per week (Kerns ot al., 1983)..
CARB cniployed a pharmacokineuc modsl of DNA-protein crosslink (DPX) formation
nourly identical to one originally developed by Casanova et al. (1989) to describe the
noniinear dependonce of DPX formation in the rut nusal mucosa upon airborns
formaldehyde concentration, The predicted levels of DPX were then multiplied by two
scaling factors, 1.2 ppm/(pmol/mg-hr) and 30 ht/wk/(168 hr/wk) to express the DPX
levels in ppm units of "lifetime equivalent metabalic exposure.” For example, 15,0
pmol/mg is the DPX lovel predicted to result {rom exposure of ras for 6 hours to 2 ppm
formaidehyde, and also from 24 hour (j.c., continuous) exposure 1o 0.54 ppm. CARB
then fit various dososrosporse models 10 the rat bioassay datz with this scaled DPX level
&) the indepandent variuble, :

The CARB model of DPX provides a reasonably accurute description of the
relationship between DPX and airborne formaldehyde concentration, but, as we have
noted previoualy (ENVIRON, 1991), it also consistently overpredicts the DPX levels
observed in rats exposed 1o low concentrations. For example, afler 6 hours exposure to
0.3 ppm, while 1.4 pinoi/mg DNA was actually measured by Casanova et al. (1989),
CARB's equation (1), with the purameter values given in Table 1, predicts a DPX value
of 1.59 pmal/mg DNA, ubout 14% higher than the observed vaiuo, Such overpredictions
are expectod 1o ocour at all of the compuratively low aitborne congentrations of concern
to CARB, This consezrvative bits in DPX prediction at low airborne formaldehyde
concentrutions should be corrected, even though it is guite small when compared 10 the
averpredictions resulting from CARB's interspecies sxtrapolation procedures and fts
taflurc to udequately uccount for formaldshyde’s effecis on cell replication in target

GOGL5S
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tissues,

3. Cell Ropligstion, .

As v have already noted, the Sepiember 1993 draft document describes an
extensive explorstion of the potential impact of cell proliferstion data on CARB's unit
risk estimates. The model-fitting experiments utilized an spproximate form of the two-
stage growth model with time-invariant parameters proposed by Moolgavker and Venzon
(1979), They alsc employed certain proliferation data collected in rats {ollowing twelve
months of formaldehyde exposure. In essence, CARB gssumed that proliferation would
have an effect on tumor response pply in the highest bioassay dose group (14.3 ppmy),
where replication was taken (o be constant (i.e., timo-lnvariant), and approximately 10-
fold greater than that occurring In control animals,

However, it is known that cell proliferation ulso increascs dramatically, though in
a transient fashion, in rais exposed to 6 ppm formaldchyde (Montleello, 1990).
Spacifically,.cell prolifera:ion was observed to be over 10-fold greater in animals exposed
to 6 ppm for six weeks, yet by three months, furnover appeared to refurn to control
lovels. Nevertheless, CARB's assumption of no Inereased cell prolifaration ut all in this
trentment group is certain to undercstimaic lis true effect on tumor reaponse,
Furthermore, as CARB has noted, it 5 the 5,6 ppm group thut is the most influcntial
trestment group in determining the unit riak for formaidehyde. It would be very usefu)
to explore the effect on the unit risk estimute of setiing R > 1 for this group.

The fact that cell proliferation is ot constant during chronic exposure conditions

* points up an additional shorticoming in CARR's exploratory proliferation approaches:
they have all avsumed that exposure will ulter cell prolifcration solely in a manner that is
independent of the cxposure duratlon, CARB's risk estimation should be modified 5o 23
to fully and properly account for the explicitly time-depandont effects on prolifaration
that are known to be present. Also, CARB has falled to 1ake account of the detalled
time-to-tumor information that is presently available regarding the 14.3 ppm dose group
(Kaplan-Meier estimates of survival in this group wore first reported by Starr et al,
(1985)). These daa providc an excellent additional opportunity to 1est the adequucy (or

" iack of it) of the cell proliferation madels explored by CARB.

4.  lujorspecics Exuepolation

Appendix A of the druft health assessment document deseribes the approeches
CARB has employed in extrapolaiing human eancer risks from the correspanding
predicled rat risks, The first, denoicd s the defsult approach, has apparantly been
employed in other cuses "in the absence of dectsive cmpirical evidence” for some other

L6 ANTS
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scaling procedure. 1t s predicated on the assumption that “equal rates of intake of
wcino'gcn per specles body-surface area imply cquel risks" in difforent species. After
adjusting for the comparatively Jss cfficiant absorption of the humen respiratory tract
and acfounﬁng {or interspecies differences n respiratory minute volume and body-
surface aren, CARD concluded that rats and humans would receive the sume
formalichyde dose (intake raie per body-surface arca) and hence experience the same
cancer |risk, If the rats were exposed to airbornc concentrations 1.2 times higher than

humans. ‘This default scating approach further implies that for a glven airborne

conceriration, humans would experience about a 20% greater formaldehyds intake rato
per body-turface area than rats and hence a 20% greater liferime cancer risk,
ECARB’: second approach, termed the generic contagl approach, purports to

accoumt for "the contact mechanism of eurcinogenesis, in which the average conoentration

in the rasp_ira_lo:y surface layer provides the measure of dose to characicrize risk.”
Cmq’srraulllng' calculations Jead 10 8 scaling factor of 50, In other wards, with this
ric contapt scaling assumption, CARB has concluded that rats and humuns would -

reeqi;z'_:he ‘sazue formaldchyde dode at the target tlssues in the respiratory teact if the
rait were sxposed 10 elrborne concentrations fivp times higher than bumans, This
4 scaling approach thus elso inaplies that for 8 given sithorne - - -
, bumans would experience sbout & S-fold greater formeldehyds doss ai the

conce
sarget|tissues and heace u S-fold preatcr lifetime canesroitk, - o
CARB's third approach, termed the dosimetric coniact approach, astempis 10
describe the longltudina) gradient in formaldehyde concentration that would obtain
during stead-state inspiratory flow as It rolates to depth of penetration, anterlor airway
surface arca, wnd volumetric inflow rate. While this sppronch represenis a1 -

improvement over CARE's generic scaling approaches, it is novertheless very orude, and

Is notlikely ta provide ‘nocurtte quantitative predictions of species differcnces ia
dosimetry,  For cxample, CARE employed an spproximate formula for penetrstion of

& confaminant gas along an sirway (cquation A-16)in deriving its dosimeuric contact .
scaling factor, This equation is reatly valid only for straight cylindrical passages of .
constant éroas-section with uslimdted and homogeneous shsorptive cupacity. 14 does nol

 account for nasal sirway curvature, the mumeraus flow bifurcations created by the © -

présence. of obstructing nasal turbinates, or the active countercurront system of
mucociliary flow. Thete physiologic and gnatomic foutures induce locally complex
wrbulent flows and deposition "ot $poIF", where the nirstream’s boundary layer can
become sharply compressed, the *dopasition velocity™ can pesk, and the finite absorpiive
cnpwty of the respirutory truct surface luyer can becoms overwhcimed. In addition,
hecause the nasal passages are of highly variable cross-sectional ares und perimeter, the
. 000257 |
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parameter k, which CARB hus assumed to be a specles-speclfic constant, will aimost
certainly be signifieantly dependent upon the depth of alrway penstration.
inally, CARD cites Heck et al, (1989) as providing the high dose binding duta

from which .~ ARB's rat- and monkey-specific estimates of nusul penetration were
obtained. Firsy, it {s not appropriate to use the high doss hinding daia to cstimate the
extent pf nirway penstration that occurs at lower conoentrations because, as Heck ¢t al,
noted, alrway penetration wus demonstrably dose-dependent, with significantly less
penctration occurring &t low than at high formaldchyde concentrations.

lSet:mm.'i, it is not ¢lear how CARB derlved itx estimates of alrwuy penetration for
rats and monkeys (0.03 and 0,7 respoctively, as presented in Table A-3) from the data
provided in Heck ei al. (1989). Those investigutors only reported nasal "absorption
efficlencies” of > 0.93 fur rats and 0.7-0.% for monkceys,

iln our ¢rltique of CARB's February draft (ENVIRON, 1991), we demonsirated
thet CARB s default and generic conact scaling factors were both inconsistent with what
is known regarding the mo'ecular dosimeiry of uirborne formaldehyde in rodents and -
primatos. In the September 1991 draft, CARB acknowlodged this inconsistency with
vegard 10 its generic contact scaling factor, but not with regard to its defuult scaling
factor. We therefore summarize our sarlier analysis for the defsult scaling factor here,

Thc Rhesus monkeys employed by Heck et ul, (1989) weighed approximately 7 kg,
ey / 10 the 70 kg human body weight employed by CARB, Amuiming that the monkey
respiratory tract absorption efficlency Is compurable to that of the human (namely, 76%
thut of the rat), the dafaull sealing factor for monkeys is rexdily calculated:

i (B/2,)(W,,/W)N® m (0.76)(7,0/025)°* = (0.76)(1.31) = 0.99.

Thue,, the defanit scaling proceduro oredlets that monkeys and ratws should receive
practically identical turges site dones when both are expouet.l to the same airborne
formJ!dahyde concentratian.

. The measured values of DPX in monkey respiratory mucosa reported by Heck ot
al, (1989) are clearly inconsistent with these predictions. Indeed, at the lowest airborne
formaidehyde conceatration (0.7 ppm) for which DPX measurements were made in both
rats and monkeyx, the rat DPX value following 6 hours of sxposure was 3.9 pmol/mg
DNA, while the correspunding monkey DPX value was 0,36 pmol/mg DNA, {.e,, 10.8-
fold lower. Thus, when CARB's defauli scaling procedure is applied where DPX
measurements exint for comparison, it gverpredicts the obsorved DPX in monkeys by
khout & 10.7-fold fuctor. It should be noted that this dafault scsling procedure also
predicts that DPX in humans undor these conditions should be (1.2)(3.9 pmot/mg DNA)
= 4,7 pmol/mg DNA, Le., approximately 13-fold greater thun was cbsorved in the

monkeys. 000258
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'Phe findings of Heck et ul. (1989) and Casanovs et al. (1989) ure described in
. conslderable detail on pp. 2-8 and 29 of the CARB draft document. In particular,
CARB noted that the “monkeys had much lower (up to 10-fold) concentrations of
crosslinks in the nasa) turbinates and anterior nose than did ras at & given formaldehyde
concentration.” However, the utlity of these data was characterized as limited "becausc
it is not known how susceptible monkeys are to formaldehyde-induced carcinogenesis.”
Despite this and other objections CARB has speculatively raised, the monkey DPX data
isk, as has baen demonstrated and
recommended by Siarr (1990) and, subsequently, by the US EPA in its recent draft
update {(USEPA, 1990) and final draft update (USEPA, 1991) of its 1987 formaldehydc
health assessment document. It should also be noted that in October 1990, the US
EPA's Sclence Advisory Board concurred with this recommendation, and encouraged the
Agency 10 complete its risk-asscssment for formaldehyde by making use of the monkey
DFX data. . '

Al the present time, it remains our firm conviction that the Rhesus monkey
provides the best available animal mode! for DPX formation in humans exposed to
formaldebyde. Heck et al. (1989), Starr (1989, 1990), USEPA (1990 and 1991), and
CARB have all noted that the monkey is far closer 10 the humun than the rat interms of
its reapiratory anatomy, physiology, and breathing patterna, Untll direct measurements
of DPX in humans arc available, the most plausible and sclentifically defensible
assumption is thut humans devolop DPX, and experionoe attendant cancer risk following
formuldehyde exposurc, to the same extent as do mankeys, CARB should not continue
to disregard these data, as they provide the best avallable scientifie information relevant
t0 estimating 8 human cancer potency fuctor for formaldehyds. - -

5. Rafercnces Not Already Cited in the September 1991 CARE Drafl
: Starr, T.B. J.E. Gibson, and J.A. Swenberg. 1985, An intcgrqted upprouch 10 the

|  ntudy of formaldehyde toxi¢ity In rats and mice. In Toxicological Risk
Assessment, Yol 2, Cisyson D.B,, Krewski D.R., Munro 1.C., eds., pp. 195-210,

.. CRC Press, Boca Raton,
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o “CONQULﬂQNTS
Energy Conservation and Environmentat Control Siboaconboodtes : mmﬁmmm
807 Seam:st Place, Vlctona BC, V8Y 2R4, Canada Tel: {604) 658-5183
. Fax: (602) 658-5183
From 29th April: #80 - 350 Columbia St West, Waterloo, Ont, N2L 6G6, Canada Tel: (519) 725-9325
Fax: {(519) 884-0201

24th Bpril, 1991

Genevieve Shiroma, Chief

Toxic Air Contaminant Identification Branch
Staticonary Source Division

Air Resources Board

Attn: Formaldehyde

PO BOX 2B1l5

SACRAMENTO, CA 95812

Dear Madam

EPA Formaldehyde Ri:zk Assessment UOpdate of Sept 24th, 1990

Please find a copy ¢f my comment report on the above review
document attached. This is additional information to that sent
in to you on 27th March, and which I have mentioned t¢ Robert
Krieger.

In dealing with the risk of cancer from human contact with
individual chemicals it is reasonable as a first approximation to
assume that there iz no lower threshold limit in each one's
cancer inducing mode. However, I now believe that in the case or
formaldehyde, with the wealth of physico-chemical information
becoming available and the additional positive information
contained in my comments o. why DPX is a valid indicator, the
EPA's assumption of a "zero threshold" should be re-examined in
this case. There is strong evidence in the EPA Revised Risk
Assessment Report (1990) that such a positive threshold does
indeed exist, and my report contains suggestions for a revised
set of occupational and carcinogenic exposure limits.

If you have any queries, please feel free to contact me. From
29th April I will be at t... new address/fax above - I am going up
to read for an MBA at Wilfrid Laurier University in Waterloo,
Ontario, lasting 1 vyear. If you wish to speak to me, either

. leave a message on (519) 884-1970 ext 2544, leave a fax, or
write, and T will phone you as soon as possible.

Yours sincerely

T

Dr P V L Barrett
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) Fax: (519) 884-0201

COMMENTS on, and SUGGESTIONS for, the
EPA FORMALDEHYDE RISK ASSESSMENT UPDATE

(External Review Draft of Sept 24th, 1990)

by

Dr P V L Barrett
~ 24th Apri, 1991

Copies sent to:

Joseph A Cotruvo, Health & Environment Review Div (TS-796), US EPA .
Samuel R Rondberg, Science Advisory Board (FC 508), US EPA
Genevieve Shiromna, ARB California. o

william Kelley, ACGIH ' o '

Ms Sherri Watson, Industriat Prog Branch, Environment Canada

John Buccini, Commercial Chemicals Branch, Environment Canada

Dr Grace Wood, Criteria Section, Health & Welfare, Canada

Doug Harding, Ministry of Labour, Ontario

Akos Szukolcai, Ontario Ministry of Environment

Barid B Manna, BC Ministry of Environment

Peter G'Sagert, Cirrus Consultants

E£or info: Dr Richard Davis, Formaldehyde Institute
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1 SUMMARY
The US EPA Formaldehyde Risk Assessment Update of Sept 24th, 1980, does an
excellent job in pulling together all the latest information related to the health risk
associated with exposure to formaidehyde.

However, the EPA report does not refer to the extensive experience base in the UK,
and this report goes some way towards rectifying that situation. It provides additional
support to the idea that the 1987 EPA report overstates the risk, and suggests a set
of occupational and ambient exposure limits based on control of irritation and odor.

As a result of my extensive experience with formaldehyde, | am convinced that many
complaints which have been ascribed to formaldehyde are more likely to be caused
by reactions to excessive concentrations of fungal spores and mycotoxins. This
therefore makes the analysis of the epidemiological surveys that much more difficutt,
particularly when the UAREP report commented that “the excess risk (of cancer from
exposure to fomaldehyde vapour) must be small.”

This report re-analyses the EPA DPX data and shows that both the rat and monkey
data follow the same quadratic relationship with formaldehyde vapour concentrations,
except for a 7.6 times larger nasal surface area in monkeys compared to rats. It is
also shown that strong agueous formaidehyde solutions follow a quadratic
relationship with their vapour concentrations, and it is suggested that formaldehyde
dissolved in the thick nasal mucosa behaves as if in & concentrated solution, and the
DPX data are therefore following a normal vapour/liquid relationship. Since it is the
liquid phase which is important in a study of carcinogenicity, it follows that DPX is a
better indicator of potential risk, rather than the vapour concentration used directly.
The EPA DPX interpolations need to be revised accordingly.

The EPA risk assessment of cancer from exposure to formaldehyde vapour is
re-analysed, in particular the assumption of a zero threshold. This report concludes
that such an assumption is no longer tenable. This report shows that using the
unadjusted DPX data together with time adjusted risk factors from 4 long term rat
studies, including 2 types of rat, a single straight line correlation is obtained with
RZ = 0.9982, and P = 0.00003. The zero threshoid was found to be at a DPX value
of 107 pmoi/mg DNA/S hours, equivalent to a formaldehyde vapour concentration of
5.7 ppm. The data standardisation procedure used in this report when comparing
data and in making interpolations/extrapolations was confirmed by showing that
Feron et al's short term data (4, 8 and 13 week exposures) agreed well with the long
term data of 24 and 28 months.

A revised set of conservative cancer risk criteria are suggested, with vapour
concentrations of 2 ppm and below being considered non-carcinogenic.
Occupational criteria should therefore be based solely on control of the odor and
irritancy of formaldehyde. A set of indoor and ambient criteria are also suggested.
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NOTE: detailed technical references are only given in this report where they are
not already in the EPA (1990) report.

2 UK EXPERIENCE WITH FORMALDEHYDE

tn my opinion, the substantial UK experience with formaldshyde and the use of UFFI
- a formaldehyde emitter - should be added to give a broader perspective to the EPA
Review. :

| have been involved with various aspects of formaldehyde since | joined ICI in the
UK in 1974 as Technical Manager for their UFF| operation. | became Chairman of
the British Standards working party which developed the Speciﬁcation‘, Code of
Practice? and Quality Assurance Scheme® for the installation of UFFl in masonry
buildings. UFF! continues to be installed as an approved method under the UK
Building Regulations when it is installed in compliance with the British Standards
requirements. To date over 2.2 million buildings have been insulated with UFFI, and,
taking a population of 52 million and a 19 million housing stock, this means that
some 6 million people have lived in buildings at the time of the UFFI installation.
When | left the company in 1981 to become a -private consuitant, | was personally
responsibie for over 300,000 UFFI installed buildings as Technical Director, which is
more than the grand total insulated with UFF! in the US and Canada combined.

Long before formaldehyde became a health issue in the US, we always treated
complaints of formaidehyde irritation subsequent to UFFI installation very seriously. ]
had to personally deal with all the more difficult cases for my Company, so | have
had extensive direct experience.

According to the 1982 BS! Quality Assurance Programme S’urvey“, copy attached as
‘Table 1, there were only 0.2% complaints of formaldehyde irritation, and there were
onty 0.02% which had not been resolved by 8 weeks after the installation - usually
the UFFI had penetrated into the building via a hole in the inner wythe of the outside
wail. Note that in the period covered from Oct 80 to Sept ‘82, the survey covered a
total of 176,486 installations. It should also be noted that with the tightening up in
1982 (after the St Thomas More School problem) of the BSI building survey
requirements prior to installation and with the introduction of lower formaldehyde
emitting resins subsequent to 1984, formaldehyde has. virtually ceased to be a
complaint issue in the UK with respect to UFFI. UFF! continues to be used in the UK.

Dr Lyn Everett of the UK Building Research Establishment presented a paper tc the
Formaldehyde Workshop in Arkansas in 1983° which described his measurements of
indoor formaldehyde concentrations in UFFI homes in the year after installation. He
found a peak of around 0.3 ppm 2 to 3 weeks after instaliation, which then decayed
with a half-life of between 60 and 100 days to around 0.1 ppm at the end of the year.
Subsequent decay has a much longer half-life; it appears to be a two stage process.
The highest value which he measured was 1.6 ppm in a framed building. (From a
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UF FOAM INSTALLED IN DUILDINGS MEETING TiIE REQUIREMENTS

OF CLAUSE 4, DS 5618 1978 {Eacluding Amendment No. )

1 Oct 1980 - 30 Sept 1982

1 June 1979 - 30 Sept 1980

FROM SYSTEM DESIGNER

Bomestic_Builldings Othess All Buildings
1. 'I'OTAL. NUMBER OF DUILDINGS FOAMED » 176, 47¢
a) EBxisting 153,185 |8241 )
b) New (less than 1 year old) 5413 159 ) 151,309
c) Under construction 8,862 406 )
2. REPORTS OF WATER PENETRATION
a)  Existing 793 | [s2]* 1 (1] ) : ‘
b) MNew 88 [142 12 314 ) 430 [28])°
¢) Under construction 44 | 1% 2 |49 )
3. VERIFIED REPORTS OF PRESENCE or FORMALDEIIYDB
a) Existing . 408 [17 a7 | [37] ) .
b) New 9 | [1? 2 | [s6) ) 137 [22]
¢) Under construction - - )
4. EXTENDED PRESENCE OF FORMALDEHYDE
a)  Totat number of reparts {3) : 417 [100%) 49 [100X) 337{100%)
h)  Lasting more than 14 days but less than 8 weeks 147 ] {15%) 35 | (75%) 131 (39%)
¢} Lasting longer than B weeks 34 (9%} 11 | (22%) 64 (19%)
5. ROUTE DY WIHICH FOAM/FORMA LDEIIYDE ENTERED BUILDING
a) Reports of presence 14 days - B weeks 147 -
(i) via gaps in inner leaf e.g. under bath/stairs 72 -
{1} via building/constructionsl faults 54 -
b}  Reports of presence longer than 8 weeks 18 -
(I) via gaps in inner leaf e.g. undes hath/stulrs 12 -
{ii) via building/constiuctional {aults 12 -
6. NUMDER OF INSTALLATIONS REPORTING PRESENCE
OF FORMALDEHYDE WHICH REQUIRED ASSISTANCE 38

* [X] - representing X por 10,000 buildings foamed.
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general point of view these measured resuits are probably lower than typical because
of the lower formaldehyde emissions from the Ufoam Plus UFFI system which was
used in the test in the domestic homes {which had a citric acid catalyst rather than
the more normal suiphuric/phosphoric system)). | would submit that before the new
generation of low formaldehyde resins were introduced generally in the UK that
normal peak values would have averaged closer to 0.5 to 0.6 ppm indoors 2 to 3
weeks after installation.

From my personal experience, most people cannot detect formaldehyde below 0.5
ppm, and it takes a very well trained person to recognise formaldehyde down to 0.3
ppm. At this level it is a transient irritation at the back of the throat, which rapidly
disappears with acciimatisation. These odor threshold figures are supported by the
low complaint level recorded in the BS! survey. The description of formaidehyde
having a strong pungent odor is not really true until one experiences concentrations
of 3 ppm and more. Below 1 ppm the pungency is relatively mild.

The unofficial, domestic indoor maximum in the UK remains at 0.5 ppm, as advised
to the government by the BRE.

Whiist these odor threshold figures are mentioned in the EPA draft report, 1 would
seriously disregard other claims of lower detection levels by people. It is extremely
difficult to design an experiment which does not introduce a confounding factor, and |
believe that the UK UFFI environment is relatively free from these factors and is a
truer representation of the real situation. Such experimental confounding factors are
cited in for example the report by Schuck et al

The EPA report states that whilst ‘one can acquire contact sensitisation by
formaldehyde, there has been no convincing evidence that sensitisation can be
induced by vapour inhalation alone. My experience would confirm this cbservation.

In 1982, a major formaidehyde problem arose in the St Thomas More School in
Essex. Initial formaldehyde concentrations measured using a Draegar meter were as
high as 2 ppm. Two staff claimed to be particularly *sensitised”. The wall cavities of
the steel frame building were between & and 10 inches wide, and were open in many
places to the interior of the building. The British Standard was subsequently
amended to ensure that such a building would be rejected at survey stage.

As a part of the remedial process | was asked to.inject the UFFI in-the school
building with ammonia gas to neutralise the foam acidity and hence stop the
formaldehyde evolution. Because of the unusual nature of the building | had to
modify the ammonia gas injection technique and my first attempt was only partly
successful, reducing the formaldehyde to an average of 0.3 ppm. However, the
"sensitised" staff said that if anything the problem was then worse! | was requested
to carry out a second injection and the formaidehyde was measured the next day by
the Health & Safety Executive (a government agency) and was found to be on
average only 0.03 ppm. Again the "sensitised” staff said that there was no
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improvement. As a resuit, an intensive search was undertaken to find some other

cause of their *sensitisation®, see attached papers, and a survey was carried out 1o

measure formaldehyde levels in all other buildings insulated with UFFI (137) under

the same contract, some 4 to 10 months previously, as well as 17 uninsulated

buildings and 14 insulated under previous contracts as controls - a total of 1,083

indoor measurements were made, mostly using chromatropic acid and some MBTH.

The results of the survey of the controls are given in the second attached paper7,
and the full results are shown on the attached graph, Fig 1, taken from the report to
Essex County Council®. What this information shows is that the majority of the UK
population has likely been exposed to indoor formaldehyde levels of 0.05 ppm and
above, from UFFI and other sources, with many-in UFF| insulated buildings having
been exposed at up to 1 ppm, yet many were not aware even at this level. Note that
at the time of the survey remedial action had aiready been taken at the worst sites,
inciuding the St Thomas More school.

When handling the problems in Essex, | did suggest that one of the best tests would
be to take volunteers, of various claimed formaldehyde susceptibility, to various
homes and buildings which had a range of measured formaldehyde concentrations,
and to observe their responses, both on entry and up to 2 hours afterwards, in a
proper double blind design. Unfortunately the medical officers thought | would be
wasting their time as they did not take the problem that seriously.

In another case in which | treated a private home which had formaldehyde
concentrations between 0.3 and 0.5 ppm a year after the installation of the UFFI, the
complainants’ problem disappeared with reduction of the formaldehyde off-gassing
from the UFFI using the ammonia gas injection procedure®.

3 OTHER CONFOUNDING ODOR/IRRITANT FACTORS

One has therefore to question why there is no major problem with formaldehyde in
the UK, particularly with such a substantial installation base. By contrast, UFFI was
banned in both the US and Canada in 1980/81 after far fewer installations. | believe
that the most fundamental reason is that the majority of the American buildings
insutated are of wood frame construction, whereas the majority of those in the UK are
of masonry construction. Also the air-tightness of those in the UK is less because
they do not experience the extreme cold of a continental climate in winter. As a -
result, in American homes insulated with UFF1 and in mobile homes, there was often
a higher initia! formaldehyde concentration and hence more irritation. However, the
building tightness does not account for the higher incidence of longer term
complaints. One must therefore conclude that there must be another factor
involved in the prolonged American complaints.

00267
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Note that when developing the British Standard Code of Practice it was deliberately
confined to use in masonry buildings. There was a fear that, by introducing an
additional insulant into the external wall cavity, interstitial condensation would be
encouraged under appropriate weather and internal conditions. This in turn could
lead to rot developing in the frame structure. In the UK wood frame buildings often
have an external masonry veneer, so creating a second cavity, with the frame
sheathing covered in building paper, and the masonry tied to the frame by a bent flat
tie. Unless great care is taken in the installation, it is easy to over-pressurise this
cavity when installing UFFi, causing the flat ties to stretch and crack the outer
masonry. Also the building paper can be pushed aside causing penetrating rain to lie
against the wood sheathing, so inducing rot. For all these reasons wooed framed
buildings were deemed an unacceptable risk and so were exciuded from the Code.

When one examines the huge amount of data collected by the Canadian Government
in investigating the UFF! issue, formaldehyde does not come out as being an
unambiguous cause. In fact the data is so conflicting that it is difficult to see how
formaldehyde could be the unique cause. The analysis of some of the Canadian
NRC technical data is contained in 2 reports which | prepared""". '

In one compiaint which | investigated in the UK, they had a problem each spring.
After a great deal of effort it was finally discovered that a bird had found a way into
the eaves and regularly nested in the UFFI in the wall cavity. There were other cases
where rats and mice nested in the UFFL.

In the St Thomas More School case described above, it is clear that the longe- >
complaint was not due to formaldehyde. It was afterward discovered, when the outer
wall outer wythe had been pulled down, that, adjacent to the two critical rooms, there
were urinals on the opposite sides of the walls leaking into the adjacent interna! wall
cavities. | believe that the installation of the UFFI blocked the normal cavity
ventilation to the outside air and the spores from the more concentrated rotting
residues came’into the adjacent rooms via the open suspended ceilings.

In co-operation with the -University - of Victoria, Formtek Technologies Inc
demonstrated that damp UFF! in contact with sterile sawdust would support the
growth of stachybatris atra, & common wet rot fungus, and other fungii'?. The test
showed that this environment could provide the 3 key ingredients of moisture,
cellulose and nitrogen for the fungii to grow. Stachybotris atra, in defending its
territory against other fungii emits a mycotoxin which is the third most powertul
poison known to man.

It is also important to realise that fungal spores and mycotoxins are ubiquitous; and
that no animal or human could survive them unless they had buitt in defence
mechanisms. It is only when these mechanisms are over-whelmed that we exhibit
symptoms of itl-health. The existence of these biclogical thresholds is well accepted.

GOCZLI
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In investigating @ seasonal compiaint of induced heart problems related to sharp

weather changes in Toronto, in a house insulated with UFFI, | discovered that the
humidifier was full of a black mold which proved to be stachybotris atra. In another

case in Chicago (which has been published, but | do not have the reference here) a

family was hos-.italised after growth of stachybotris atra in a heating duct in their

home.

| persuaded the Canadian Federal Government in 1985 to conduct an initial
investigation into the possible role of fungii in insulated buildings. Unfortunately they
were unable to undertake a sufficiently comprehensive study to be able to come up
with any definitive conclusion because of the sheer complexity of the issues involved.

3.1  Conclusion on Influence of Contfounding Odor/Irritant Factors on
interpretation of Formaldehyde Epidemiological Studies

Barring the initial irritation effects, | believe that allergies and sensitisation to fungal
spores and their mycotoxins are far more probabie causes of the claimed adverse
long-term health effects experienced in many buildings. They are also the probable
cause of many intractable sick building syndrome problems.

The existance of ubiguitous confounding odor/irritant factors therefore makes the
analysis of formaldehyde epidemiological data particularly difficult, particularly when
sany excess risk must be small.” (quoted in the EPA report from the UAREP (1988)
evaluation of all the epidemiological data.). :

4 CONCLUSION AND RECOMMENDATIONS BASED ON
EXPERIENCE OF FORMALDEHYDE IN USE

Béaring in mind that:

a) formaldehyde used to have a ceiling limit of 8 ppm and high levels were |
experienced by large numbers of people, in many occupations, prior to the
introduction of the 2 ppm ceiling limit,

b) prior to the introduction of low formaldehyde emitting resins, a substantial
population had been exposed to significant formaldehyde concentrations from
its wide-spread use in building products.

c) UFFI was first used in the UK in 1959. Since then over 6 million people have
been exposed to the high initial formaldehyde concentrations experienced
shortly after its installation without a major long term health probiem
becoming evident.

000L7
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d) “Cancer of the nasal cavity and sinuses in humans is a very rare disease.”
Also, the UAREP (1988) review concluded that “a causal relationship has not
been established for cancer at any site. In addition, the panel noted that if
such a causal relationship exists, the excess risk must be smail." The IARC
review panal believed that they had been able to establish a "limited evidence
of carcinogenicity to humans® ... *but chance, bias or confounding could not
be ruled out with reasonable confidence.” This report suggests that that
confounding is likely to be much larger than had previously been considered,
thus reducing the actual risk from formaldehyde even further.

We can therefore conclude that with such large and diverse populations having been
exposed to significant levels of formaldehyde, over such extended periods of time,
there is no evidence that, at 1 ppm and below, that exposure to formaldehyde
vapour alone causes serious adverse heatth effects, and any control should be
based solety on control of the irritation and odor.

1. Legislation on formaldehyde vapour concentrations should onty be based on
the minimisation of irritation, with criteria based on the classification of

exposure, eg.
0.4 ppm max 8h avg, for retirement homes and hospitals.
0.5 ppm max Bh avg, for domestic and schoo! environments.
0.6 ppm max 8h avg, for office and shop type environments.
1.0 ppm max 8h avg, for industrial environments.

2. For outside ambient air, | propose a total value of 0.1 ppm max 8h avg as a '
result of all local and natural sources of emission, on the basis that such an
outdoor maximum should not substantialty increase the risk that the above
indoor figures should be exceeded. '

Since formaldehyde is at a natural equilibrium in the ambient erwironment, ie
it is destroyed (half life of less than 12 hours) as well as being created
naturally, and with normat atmospheric dilution and wash .out, | believe that

this maximum local figure provides an “acceptable outdoor environmental
criterion. ' o L .

GOCL7
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5 EVALUATION OF THE DPX DATA CONTAINED in the
=  EPA DRAFT FORMALDEHYDE RISK ASSESSMENT (1990).

Chemical and biological process changes take place in a continuous manner rather
than being disjointed, unless one is involved with competing processes. In my view,.
living creatures can be considered as being made up of a multiplicity of chemical
reactors, some in series, some in parallel, some as pipe reactors etc. Therefore, the
analytical processes used to solve conventional Chemical Engineering process
problems are equally applicabie to the resolution of complex life chemistry problems.

On reading the Draft Revised EPA Formaldehyde Risk Assessment Report (1890}, |
was immediately concerned by the way in which the DPX data had been analysed.
Because they could find no underlying technical rational, the EPA resolved not to
adopt any form of data correlation to smooth the data, but to take finear
interpolations between adjacent data pairs, and where necessary. use that iinear
interpolation to extrapolate outside the experimentai range. This may eliminate bias
by the statisticians, but certainly is no way to interpret scientific data.

| therefore investigated whether it was possible to fit & single equation to both the rat
and the monkey data, the only difference being & 7.6 factor to account for the larger
surface area of the monkey. |If that were possible, then there must be a
self-consistent underlying cause common to both species, and therefore this would
greatly strengthan the validity of the DPX data as an indicator of potential
carcinogenic changes in the nasal region and obvsate the rational for the EPA
linearised procedures.

One problem with conventional statistical routines is their implicit assumption that the
errors are of equal size, independent of the magnitude of the particular data set. As
a resuit, an undue weight is automatically given to the largest vaiues. To resolve this
probiemn one must normalise by dividing the differences between the predicted and
measured values by the values themselves and then minimise the sum of their
squares. The objective was therefore to come up with a single equation in
which these differences would lie within each data set’s individual experimentatl
range.

As a first step the rat and monkey data were separately subiected to a polynomial
regression analysis using the STATGRAPHICS program. In both cases a good
second order fit was obtained, with the monkey data having a slightly steeper curve,
ie a larger second order coefficient after allowing for the 7.6 area factor.

A manual iterative routine was then set up in LOTUS 123 so that the effect on each
data set could be visually examined after a small change in one of the coefficients.
The results are given in Table 2, showing that aimost all the individual data sets can
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be fitted inside their own experimental error ranges and the equations were found to
be:

DPX = 1.0%(0.4*F + 0.36*F?) for the monkey data, and

DPX = 7.6*(0.4*F + 0.36*F2) for the rat data.

where DPX = pmol/mg DNA/8 hours, and
F = formaldehyde vapour conc (ppm}

The original data and the curves computed from the above equations of fit are shown
in Figs 2 and 3. Fig 3 is an expanded view of the lower portion of Fig 2. Fig 2
shows the importance of normalising the data since the large apparent discrepancy
at the 9.9 ppm leve! for the rats is still just within the accuracy of the measured data.
Note that corresponding experimental formaldehyde concentration ranges should
also have been quoted, since | doubt they were controlled that precisely.

The question arises as to the meanlng of such a quadratic effect. | then analysed the
vapour pressure data presented in Table 43 of Walker's 3rd Ed "Formaldehyde” 13
from the orzgmal Ledbury and Blair data. Walker gives a Ioganthmic correlation for all
the data in Table 43. The most compiete data set is at 35°C, close to body
temperature, albeit at much higher concentrations. To my surprise the data proved
to be an almost perfect quadratic fit, see Table 2:

= * * 2
c 1.3 cG + 0.5 cG

L
where cL = Moles/L, and
Cg = 1,000 ppm

The results are shown on Fig 4. (In very dilute aqueous soiutions this equation
would appear to be almost linear, see Fig 5.) The reason for the quadratic form is
that in these more concentrated solutions a proportion of the formaldehyde
dimerises, and it is only the monomeric formaldehyde which is in direct equilibrium
with the vapour.

The interpretation of the DPX data is that when low concentrations of formaldehyde
are absorbed into viscous mucus, the formaldehyde solutions so created behave as if
they were concentrated aqueous solutions with substantial dimerisation of the
tormaldehyde. However, when considering the subsequent reactions to cause the
DNA protein cross-links (DPX), it is the total formaldehyde (monomer + dimer +
higher polymer equilibrium) which is appropriate. Therefore, by measuring the DPX
concentration one has a direct measure of the total active formaldehyde
concentration dissolved in the mucous membrane, and hence of the driving force for
potential carcinogenicity.
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5.1  Conclusion on the use of DPX as the proper indicator.

The following unique equation was fitted to both the rat and monkey DPX data:

DPX = A*(0.4*F + 0.36*F)

where DPX pmol/mg DNA/6 hours
F formaldehyde vapour conc (ppm), and
A nasal area factor between monkeys and rats

1.0 for rats
7.8 for monkeys

i

From the above arguments it is therefore appropriate that this single interpretative
equation should be used when interpolating the rat and monkey data and not the
linear sets joining adjacent data points as used in the EPA Report. The EPA
submission should be modified accordingly. It is also clear that the DPX da*= is the
proper base from which to analyse the cancer data, since it properly relates to the
liquid phase formaldehyde in the nasal mucosa, whose concentration in turn is
directly related to the probability of subsequent cancer induction.

The interpolated and extrapolated DPX values for the required formaldehyde
concentrations using the equations of fit are given below and in Table 2, and should
be used in the EPA report:

formaidehyde ... DPX
vapour conc " pmol/mg DNA/6 hours
ppm inrats | in monkeys
0.1 0.33 0.04
0.3 1.25 - 0.16
05 , 2.20 - 0.29
0.7 3.47 0.46
1.0 - 578 0.76
2.0 17. 2.24
56 103. 135
57 106. 14.0
6.0 ' 117. 15.4
10.0 304. 40.0
14.3 603. 79.
15.0 661. 87.0
20.0 1155, 152.

00U 7
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6 ANALYSIS OF THE CANCER DATA IN RATS CONTAINED in
= TABLE 5.3 of the 1990 EPA QUANTITATIVE RISK ASSESSMENT

The data in Table 2 shows the adjusted DPX levels corresponding to the CIIT rat tests
(Kerns et al) as described in the EPA 1890 report (an adjustment factor of §/7). EPA
used the GLOBALSS statistical analysis program to fit the probability, P, of the rats
getting cancer (adjusted in accordance with the recommendations of the IRMC),
making the assumption that there is no threshold and that the risk curve must
therefore pass through the origin, as In(1-P) against the DPX data, and they found
that a second order (stage) polynomial gave a fit with a probability confidence of
0.07. Note that this is equivalent to a 4th order fit had the origina! formaldehyde data
been used, which compares to the 5th order fit chosen in the 1987 report.

Now as a general principle, an equation can be fitted to any data, no matter how
poor, by stretching the X-axis, which is achieved by choosing ever higher orders. To
be justified, there must either be a lot of data, or some sound underiying rational to
the use of higher orders. If neither is the case, then the hypothesis on which the
modelling is based must be questioned.

In the present case we have only 2 positive cancer risk measurements given in Table
5.3 of the 1980 EPA report, adjusted in accord with the recommendations of the
Interagency Risk Management Council (IRMC 1984), and 2 zero values. With so little
information, the data cannot justify much manipulation. The problem the EPA faced
‘was that at high vapour concentrations formaldehyde is unquestionably carcinogenic,
yet both general cancer data and epidemiological data showed that “Cancer of the
nasal cavity and sinuses in humans is a very rare disease,” and, quoted from the
UAREP report, "if such a causal relationship exists, the excess risk must be small."
Therefore the only way to reconcile this conflicting information and maintain the -
assumption of a zero threshold was to use a high order fit.

Fig 6 shows a fifth order fit using the formaldehyde vapour concentration data as
carried out in the 1987 EPA Risk Assessment Report. This technique basically locks
the line of fit between the zero point and the high value point and squeezes the zero
value data points together. Thus when "interpolating" the formaldehyde risk down to
low concentrations, the computed risk values are not totally out of sync with the
globat low experience of risk.

Figs 7 and 8 show second and first order fits based on the adjusted DPX data
(multiplied by the 5/7 factor see Section 5.3.3 of the 1990 EPA report), and a zero
threshold assumption, together with the corresponding computed formaldehyde
vapour concentration. The problem for the EPA can be seen in Fig 9, which shows a
magnified view of the lower portion of Fig 8, which used a first order correlation.
Because a zero threshold has been assumed, the first non-zero data point at an
adjusted DPX of 73 pmol/mg is too close to zero to obtain a good fit, and the

618 [0 Ay
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computed low concentration risks are correspondingly too high. The problem is
resolved by using a second order fit as shown in Fig 7.

The alternative hypothesis is to assume that there is a threshold and that the
data are accurate and reasonably representative, see Figs 10 and 11. Fig 11 is a
magnified portion of Fig 10 close to the zero probability region. In this correlation a
straight line has been plotted between the 2 non-zero points. The line has a positive
intercept on the X-axis at an adjusted DPX value of 69 which corresponds, see
vertical line, to a formaldehyde concentration of 4.5 ppm. In other words, with this
model, there is no cancer risk for rats if the 6 h/day 7 day/wk formaidehyde
concentration is maintained below 4.5 ppm, see Table 2.

The likely positive threshold mechanism has been described in the 1980 EPA report
(Section 4.5.3): "It has, therefore, been postulated that at 'ow formaidehyde
concentrations, the mucus iayer of the rat nasal cavity may trap and remove much
inhaled formaldehyde, thus preventing it from reaching underlying cells. If the mucus
layer is saturated (at high concentrations), the mucociliary clearance system could be
seriously compromised and may aiflow a greater amount of formaldehyde to reach
the underlying respiratory epithelium.*

7 OTHER SUPPORTING EVIDENCE IN THE 1990 EPA REPORT
~  FOR A POSITIVE THRESHOLD IN RATS

The new information from Monticello at the CIIT (EPA Report, Section 4.1) “supports
the results of the 1983 study in rats in that nasal tumours were found with
formaldehyde exposures to 10 and 15 ppm. At 6 ppm, no tumours were observed.”
... "other than fewer animals allotted to dose groups in Monticello (1990), reasons for
the difference in these results at 6 ppm compared to those in Kerns et al (1983) are
unciear.* Note that the EPA report fails to mention the cancer fraction which
Monticello found at 10 and 15 ppm. '

Based on Fig 10, | believe the reason is quite clear. The EPA report states “The
observed tumor incidence in these studies produces a very steep dose-response
curve for the carcinogenic effect of formaidehyde." It was reported to the Appeal
Hearing in 1982 which overturned the CPSC ban on UFFi that in the original CIT
study their ability to control the formaidehyde concentrations during the testing was
not perfect. | am sure that, with the much better equipment now available, that -
Monticello was able to maintain a better degree of control. Fig 11 shows how critical
this control must be, and why its experimental error shouid also be reported.
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In Tobe et al (1985)'s 28 month study, "squamous cell carcinomas of the nasal cavity
were seen in 14/27 (52%) high-dose (15 ppm) rats surviving past 12 months; no
such neoplasms were observed in the control or the low-dose groups (0.3 and 2.0
ppm)." Tobe's results are ploted on Fig 12 using unadjusted DPX data together with
the data of Monticelio and Kern. Tobe's data appear to show a much lower cancer
incidence than Kern. '

Albert et al (1982) and Sellakumar et ai (1985) in lifetime studies "show that
significant incidences (10-38%) of squamous cell carcinomas of the nasal cavity were
induced in all rats exposed to formaldehyde (14-15 ppm) regardless of the
concurrent exposure to HCIL. No carcinogenic resoonse was observed in the rats .
exposed to air (control) or to HC! alone.* Even Albert’s combined HC! and
formaldehyde challenges at 14 - 15 ppm found a smaller proportion of cancers than
apparently found by Kern, see Fig 12.

Woutersen et al's (1989) study reported on the deliberate damage to the rats’ nasal
mucosa in a portion of the rats prior to exposure. Exposure for 28 manths to
10 ppm showed no carcinomas in the undamaged rats, but 15/58 (26%) in
damaged rats. *no compound-related nasal neoplasms or cytotoxic effects were
observed in rats (with either a damaged or undamaged nose) exposed to 0.1 or 1.0
ppm formaldehyde for 28 months." (Note that the important undamaged rat data has
been omitted from EPA Table 4.1) Even Woutersen's damaged rats had a lower
cancer incidence than apparently found by Kern, see Fig 12.

7.1  Re-analysis of the 1990 EPA adjustment factors

To reassess the adjusment factors, one must first consider the mode of
carcinogenesis. A cancer cell is a fast-replicating, otherwise normal, mutant cell. Itis
treated by the body as a normal cell. Unlike many carcinogens, formaldehyde is one .
of the most reactive organic chemicals and can react with most types of amine or
protein or DNA type molecules. Most mutant products are rejected by the body. Itis
therefore a matter of chance whether the formaldehyde molecule happens to hit the
critical replication controlling entity to form the carcinogenic mutant. Most of the
formaidehyde is absorbed in the thick nasal mucosa, particularly when below the
threshold value, and & is the residual which is potentially carcinogenic. Because of
the reactivity of formaldehyde, it will have reacted with some moiety within 24 hours
of having been absorbed by the nasal mucosa. Therefore a day could be considered
as the unit time frame in which it might form a carcinogenic mutant or not. The
turn-over of the nasal mucosa is probably of the same order of time period. As far
as the proportion of formaldehyde molecules available for this type of reaction is
concerned, it would be proportional to the difference between the DPX value on the
nasal mucosa and the threshold value. Therefore adjustments cannot be made to
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the DPX value to account for exposure time differences, and all carcinogenic
probabilities must be piotted against an unadjusted DPX.

It is seen from the above argument that alt exposure corrections must be made on
the carcinogenic risk data only. Because the unit time is around a day, any multiple
unit is appropriate, such as a year, and would be in simple proportion - twice the
. exposure time at a given concentration would double the risk factor. Therefore, if
some rats were sacrificed at the end of a year, one cou!d double their measured risk
factor to obtain the likely risk at the end of two years, for exampie.

The risk factor is given by In(1-P), where P is the proportion of rats found to have
cancer at any given time.

in examining Table 5.3 of the EPA report and comparing with the reportec proportion
of cancers found at the end of the 24 month study, one finds that the IRMC has
increased the projected risk from 0.85% to 1.3% at 5.6 ppm, and from 44% 0 67% &
14.3 ppm, based on the origina! group sizes. 1t woulc therefore appear that the ZPA
may have partly double-counted their corrections. Fig 13 shows the raw cancer
proportion found in those rats which survived the 2 years plotted agpainst the acjusied
DPX and the IRMC adjusted figures plotted against the unadjusted DPX values.

In order to comnare the varlous test data g'oge"v one must use the rzw
cancer aroportion of the survivors, corrected for time of exocsuia, agains? the
unadiusied DP). value.

Of the 5 long term studies, 4 have the length of exposure reported. A'bert et al are
only quoted in the EPA review as a lifetime for their formaldehyde + HCI exposurs.
Of the remaining 4 long term studies with data available, 2 lasted 24 months, and 2
lasted 28 months. . All.used a & h/day, 5 days/wk schedule, so the risk factors for the
28 month studies were reduced by 24/28 to make them all compatibie. A regression
analysis was carried out and the results are plotted on Fig 14:

Estimate ! Std Error tvalue !  Prob Level

L e et v n = nmnrs o d

!
3
0.0121 i 10.2

Intercept 0.1229 E [ 0.002
Slope: -1.153E-03 { 2.80E-05 -41.2 i 0.00003
Analysis of Variance
1
l Source Sumof Sq ! Dt Mean Sqg ! F ratio Prob Level
Mode! o368 | 1 | o.3ses l 1608 0.00003
Error 0.0006 3 0.0002
Total 0.3674 i
Correlation coeff = -0.9991 Std Error of est = 0.0147  R? = 0.9982
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Fig 14 RAT CANCER RISK FACTOR vs unadj DP
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This very high degree of correlation of the data confirms the soundness of the
underlying logic in analysing the data, and solidly confirms the concept of the
threshold when considering the carcinogenicity of formaldehyde. A surprising
observation is that Woutesen's damaged rats exactly fit the mean line, showing that
the deliberate damage had no effect on their chances of developing cancers.
Woutersen's zero cancers at 10 ppm in undamaged rats is therefore most surprising.
Could it be that there was some error in the reporting?

The zero threshold is caiculated to be at a DPX value of 107 pmol/mg DNA/6 hours,
and an equivalent formaldehyde vapour concentration of 5.7 ppm. The low positive
risk obtained by Kern at 5.6 ppm is now seen as being as good an estimate of the
zero threshold value as the nul at 6 ppm found by Monticello.

Strictly speaking, the proportion of carcinomas found as a total number of neoplasms
should be used in calculating the risk fraction, since at high exposure levels some
rats will develop 2 or more separate neoplasms. For example, when Morgan (1986)
re-examined the slides of 98 of the 103 tumour bearing rats in Kern's study, he found
a total of 121 neoplasms. However, there is insufficient data to take this analysis
further in this report.

in none of the long term studies were any carcinomas found in the controls (0 ppm)
or at 0.1, 0.3, 0.7, 1 or 2 ppm. This is to be expected since “the spontaneous
incidences of nasal neoplasia in these strains of rats and mice are extremely low.
For example, though not statistically significant when compared to matched control
mice, the nasal carcinomas observed in 2 (out of a total of 215) mice exposed to a
concentration of 14.3 ppm were, thersfore, regarded as related to formaidehyde

exposure.” :

Albert et al's combined HC! and fonnéldeﬁydé \;apour éprsure results, when piotted
as raw risk factors against the unadjusted DPX values show lower risk factors than
the other studies, which indicates that their iifetimes must have been shorter than 2
years.

7.2  Short Term Exposure Studies

Feron et al (1988) carried out a series of short term studies on a total of 465 ‘male'
Wistar rats assigned to 9 different groups. 3 exposure levels (0, 10 and 20 ppm) and -

3 durations {4, 8 and 13 weeks, each for 6 hours/day, § days/week) were used.
Observation was continued on all the rats up to a total of 130 weeks from first test
exposure. Strangely, out of all the studies reported in the EPA review, 2 carcinomas
were found in the B8 week control group. In view of the fact that “the spontaneous
incidences of nasal neopiasia ... are extremely low" the chances of finding 2 in a
control group of 44 must be very low indeed. | therefore suspect that there may
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have been a mix up and these should have been the 8 week, 20 ppm group, and the

1 reported in the 8 week, 20 ppm group should have been reported as the control
group.

There is also confusion in the review over the group size at 20 ppm and 13 weeks
exposure. Page 21 states 6 were found in 132 rats at 20 ppm, while page 36 states
5. Table 4.1 states 3 in 132 exposed to 20 ppm for 13 weeks, yet the design given
on page 36 implies a final net of 43/44/45 in each group, after intermediate sacrifices.
| therefore suspect that the total of the 3 groups at 20 ppm was 132, or the total of
the 3 groups at 13 weeks was 132. In the latter case we know that there were 45
controls and 44 in the 10 ppm group, implying a total of 43 in the 20 ppm 13 week
group. Assuming a mean group size of 44, and with the above, the group sizes are
approximately:

Exposure 4 week 8 week 13 week

Control (0 ppm) 43 44 45
10 ppm 44 44 44
20 ppm 45 44 43

and from the details on page 36 we find:

Control (O ppm) 0 2 0
10 ppm 0 1 1
20 ppm 1 1 3

Swapping the 8 week contol with the 20 ppm gives:

Control (0 ppm) 0 1 0
10 ppm V) 1 1

‘ 20 ppm 1 2 3

This now gives the total of 6 carcinomas as reported on page 21 at 20 ppm, and the
3/132 in Table 1 should read 3/43. The risk fraction pro-rated to 2 years can now
be calculated, and compared to the expected values: '

Exposure 4 week 8 week 13 week | Expected Risk
Contro! (O ppm) 0 4] 0] 0
10 ppm 0.00 -0.30 -0.18 -0.23
20 ppm -0.58 -0.60 -0.58 -1.21

Bearing in mind the small group size and the short exposure duration, the agreement
of the 10 ppm data with the long term results is excellent. However, even with the
above assignments, though the 20 ppm results are self-consistent, they are all much
lower than expected; the resuits are more like those expected for 15 ppm, at which
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the expected risk factor is -0.64. | suspect, therefore, that the original report used
formaldehyde concsntration factors of mg/m°, rather than ppm. At 20°C the
correction is 1.24, resulting in concentrations of 8.1 and 16.1 ppm, and the resuits
are plotted on Fig 15, with expected risk factors of -0.125 and -0.75. Again bearing in
mind the short exposure times and the corresponding small number of carcinomas
found, these results are in excellent agreement with those of the long term studies,
and we can conlude that the method of pro-rating the cancer risk factor used in this
report is valid. Would EPA please advise me, as soon as possible, on the
validity of these deductions?

7.3  Conclusions from Cancer Studies with Rats

A single, highly significant, correlation has been found to fit the rat cancer data from
4 different long term studies (24 to 28 months exposure to formaldehyde vapour)
which were published in 1883, 1985, 1989 and 1890, as well as the data obtained in
Feron's short term study (4, 8 and 13 weeks exposure).

This confirms:

1.  _that the DPXfformaldehyde vapour correlation as. developed in this report is
valid.

2. that the unadjusted DPX value is the correct correlating parameter.

a. that the raw risk factor, In(1-P), adjusted for the time of exposure, is the
appropriate correlating parameter when analysing cancer data, and the IRMC
needs to revise its statisticai standardisation procedures.

4. why no carcinomas were found at formaldehyde concentrations of 0.1, 0.3,
0.7, 1 or 2 ppm in any of the long term studies, with nuls also found at 6 and
10 ppm. Statistically, when the various experiments are considered together
as an estimate of risk, these nuis reinforce the concept that certainly up to 2
ppm, the cancer incidence is truly zero. These nuls, together with the strong °
correlation above 6 ppm, confirms the existance of a cancer threshold in rats -
at around 6 ppm.

5. that damaging the nasal mucosa did not alter the risk of the Wistar rats
contracting cancer when exposed to 10 ppm formaldehyde over 28 months.

Note that it was assumed in 7.1 above that the critical time period was a day or less.
The problem is then how to correct if the exposure is, say, for 8 or 24 hours per day
rather than 6. The key is the half-life of the active formaldehyde moieties in the nasal
mucosa. if the half-life is less than an hour, then the times could be simply pro-rated,
and this would provide a conservative estimate. Wilmer et al's (1989) experiment
would need to be repeated at 10 ppm to get a better estimate.
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8 OTHER CANCER DATA

Soffritti et al (1989) subjected groups of Sprague-Dawley rats of different ages to
formaldehyde administered in their drinking water. “A low incidence (2-21%) of
gastrointestinal' neoplasms was observed in some treated animals. ... which were not
seen in the matched controls." Note that some of the equuvalent formaldehyde
vapour concentrations are quite high (at a body heat of 35°C):

wt % formaldehyde equiv ppm
0.001 0.26
0.005 1.28
0.010 2.56
0.100 25.4
0.150 379
0.250 62.5

lversen’s (1986) skin painting with 10% formalin solution is equivalent to a localised
vapour concentration of 1,500 ppm.

Cosma and Marchok's (1987) study of rat tracheal transplants and challenge with -
0.2% formaldehyde solution is equivalent to a vapour concentratnon of 50 ppm, yet
this only resulted in a "weak" response.

Takahashi et al's (1986) study included rats drinking 0.2% formaldehyde in their
drinking water for 32 weeks, after an initial period of 8 weeks drinking MNNG
(100mg/L) and found an 88% incidence of papiliomas in the forestomach. Again
note the 50 ppm vapour equivalency. The prior MNNG challenge was found to
amplify the effect of the formaldehyde.

8.1 Conclusion on Other Cancer Data

All these other tests show that formaldehyde, when sufficiently concentrated, is
carcinogenic in rats, regardless of the route, but only at the local exposure site.
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9 OTHER EFFECTS FROM EXPOSURE TO FORMALDEHYDE

Swenberg et al's (1983) investigation of cell proliferation showed a sharp increase
from the controls at 6 and 15 ppm after 3 days exposure, and was substantially
decreased after 10 days of exposure, ie the defence mechanisms had become
sufficiently enhanced by the 10th day.

Monticello (1990) “ollowing 3 to 18 months of exposure, no apparent increases in
nasal cell proliferation and no treatment related iesions in the nasal passages
occured with formaidehyde levels of 6 ppm as well as 2 and 0.7 ppm.*

*Both in vitro and in vivo studies (Morgan et al (1983, 1986)) have shown that there
is a clear dose-dependent effect of formaidehyde on the mucogciliary apparatus of
rats. At 15 ppm, there was significant inhibition of mucociliary activity, whereas at 2
or 6 ppm, only slight effects were noted.” This therefore gives a physiological reason
for the threshoid existing at around 6 ppm.

9.1  Conclusion on Other Effects Data

These 3 studies would indicate that the zero risk formaldehyde concentration is
around the 6 ppm value. '

000291
-31-



PETER

CONSULTANTS
{INTERNATIONAL} INC

10 OTHER SPECIES

10.1 Mice

Both in Kerns et al (1983) (2/215 (0.93%) cancer incidence at 14.3 ppm) and
Swenberg et at (1983) there are indications that a mouse's response to challenge by
formaldehyde vapour at 15 ppm is equivalent to that of the rat at around 6 ppm. In
DPX terms this represents a & fold iower degree of risk. What has not been proven is
whether the rat DPX threshold value would be a good indicator for all species and
could be used as a direct indicator of relative risk across species.

10.2 Hamsters,

Though omitted from the 1980 EPA Report, 1 believe long term exposure chalienge
tests have been carried out with hamsters, and their cancer development proved to
be similar to that of mice at around 14.3 ppm.

10.3 Monkeys

Heck et al (1989) measured the DPX levels in rhesus monkeys, and when combined
with this report, their findings would indicate a 7.6 fold lower risk based on DPX.
Though omitted from the 1990 EPA report, | believe long term exposure challenge
tests have been carried out with monkeys, and their threshold was similar to that of
the mice at around 15 ppm, which again wouid support the use of DPX as 2 direct
carcinogenic indicator. - - © 7 T 7 '

10.4 Man

Obviously no equivalent challenge tests have been carried out with human subjects.
However. there has been substantial experience in times past of extended
occupational exposures to formaidehyde concentrations in the 3 to 7 ppm range. Iif
the threshold in man was equivalent to that in rats, with the orders of magnitude
larger numbers .of people -having been exposed, a substantially increased risk of
nasal carcinomas would have shown up in-the epidemiological studies, whereas the
UAREP Review of Epidemiological Studies (1988), quoted in the EPA review, states
“the excess risk must be small.” o
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1 CONCLUSIONS ON CANCER RISK IN MAN

We can therefore conclude that

1. There is extensive evidence that a threshold exists at around 6 ppm for rats
exposed to formaldehyde, and that below that threshold the natural protective
mechanisms built into their nasal systems are sufficient to suppress
development of cancers.

2. The unadjusted DPX value appears to provide a direct indicator of
carcinogenic risk. :

3. The carcinogenic risk factor should be calculated from in(1-P) and pro-rated
to an appropriate standard time-frame, where P = cancer proportion found.

4, Fig 15, based on 4 long and 1 short term rat study, provides a good estimate
of the risk of developing cancer in rats due to exposure to formaldehyde
vapour.

5. Based on the 4 long term rat studies, the threshold unadjusted DPX level in

rats is estimated as 107 pmol/mg DNA/6 hours, equivalent to a 6 h/day,
5 day/wk formaldehyde vapour concentration of 5.7 ppm.

6. Man's response to formalkdehyde vapour is more like that of mice and
monkeys, than of rats, with a threshold closer to 15 ppm, than 6 ppm.
Therefore Fig 15 provides a conservative estimate of the carcinogenic risk in

7. On a very conservative basis, at 2 ppm and below, formaldehyde vapour
should be removed from any of the carcinogenic safety classifications, and
should-be treated as having negligible carcinogenic potential. Based on
conclusions 5 and 6, this provides a formaldehyde vapour concentration
safety factor of 7 fold. : - '

B. Intermediate classifications should be introduced:
between 2 and 4.5 ppm as "possible”,
hetween 4.5 and 6 ppm as *probable”, and
above 6 ppm as "proven”,
The above criteria will provide an adequate margin of safety. These criteria

can be relaxed further when the relationship between the cancer incidence in
rats and that in man is better understood.
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8. The epidemiological studies should be re-examined after separating out
populations exposed to over 3 and over 6 ppm for extended periods of time
and comparing their cancer incidence with those exposed to lower
concentrations.

A

10. The exposure limits suggested in this report based on control of irritation and
odor provide a sufficient factor of safety with regards to carcinogenic potential
and shouid be adopted.

A

Dr P V L Barrett _ ) 24th April, 1991 .
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WRITTEN RESPONSES TO COMMENTS ON -PART A

: We have received comments from the Hardwood Plywood Manufacturers
Association (HPMA) and the National Particleboard Association (NPA) on the
draft formaldehyde report which are summar ized and responded to below.

1. Comment: The HPMA and NPA comment that hardwood plywood is made of
distinct layers of wood and is not classified as a reconstituted wood
product.

Response: The classification in the text will be changed to pressed wood
products. :

2. Comment: They also comment that California home studies were conducted
in homes built in the early 1980°s and prior to that time. These studies
included no information on the loading rates (usage) of wood products,
materials containing formaldehyde, and sources of formaldehyde.

Response: The home studies used by the ARB provide the best and most recent
data available on indoor formalidehyde concentrations. They included only
randomly-selected homes; they could be expected to represent a realistic
range of loading rates and presence of formaldehyde sources. They were used
for estimating indoor concentrations only and not for source apportionment.

3. Comment: The reference to the UFFI ban on p. A-45 of the Part A report
directly quotes “The ban was challenged on procedural grounds (but not orn
its technical merits)" is not correct. They say the actual findings of the
Fifth Circuit Court of Appeals reveal that the Commissions rule banning UFFI
is null and void based on procedural and technical merits.

Response: The reference to the UFFI ban on p. A-45 has been changed to read
"The ban was challenged successfully in the U.5. Court of Appeals (1983} by
UFFI and formaldehyde manufacturers.® :

4. Comment: In-home exposures are overstated relative to outdoor
exposures. Further, if outdoor levels of formaldehyde have changed due to
reductions in formaldehyde release from motor vehicles and other outside
sources, then that reduction would be reflected indoors.

Response: While there have been decreases in motor vehicle emissions since
1965 due to emission controls, no correlation can be made at this time on
the direct effect on indoor exposure levels. Because indoor levels are
generally much higher than outdoor levels, any change due to changes in
outdoor levels would be expected to be small.
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5. Comment: The two Associations provided a number of comments regarding
whether sufficient characterization had been provided regarding the impact
of new UF-bonded wood products which contain less formaldehyde. They
specifically indicated that the decay rate of these products had not been
considered as well as their usage in homes, particularly new homes. The
primary concern seems to stem from statements in the report that ascribe
most indoor formaldehyde to pressed wood products.

Response: The data used for our indoor concentration estimates are the most
recent and comprehensive available and are based on measurements of
formaldehyde concentrations in homes of all ages. This takes into account
new building materials in new (at the time of measurement) homes and older
building materials in older homes where off-gassing of formaldehyde would
have océurred. Because they are based on several studies of randomly-
selected homes, we believe aur indoor concentration estimates are
representat ive of average homes. We do not have data at this time
substantiating that indoor concentratjons have decreased due to use of new,
lower-emitting pressed wood products. However, we will add a discussion in
the report indicating that concentrations in homes built recently may be
Jower (to an unknown extent) than in homes buitt before the early 1380s when
they were new due to the use of lower-emitting products. Also, we will
modify the statements regarding the contribution of pressed wood products to
indoor formaldehyde concentrations to reflect the possibility that such
products may not always make the largest contribution in all cases.

6. Comment: The principal California conventional home study (SAI) used by
ARB states that the primary formaldehyde sources cited were homes where
cigarettes were smoked and gas cooking fuel was used, with no mention of
wood products. The Sexton study also made no mention of wood products as
formaldehyde emitters.

Response: While the studies we used to estimate indoor concentrations did
not measure all factors that could contribute to the formaldehyde levels
measured in the homes (such as the use of pressed wood products or the
presence of all other potential sources), we did not use those studies for
source apportionment. This comment appears to refiect concerns about
statements in the report which appear to ascribe most of the indoor
formaldehyde to pressed wood products. These concerns should be addressed
by the modifications to those statements as mentioned above. A more
detailed discussion of the SAI study's results regarding the contribution of
cigarette smoke to indoor formaldehyde concentrations will be added to the
report.
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III.

OEHHA Staff Summary of Comments and Responses
on the Draft SRP Version Part B
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Re se to a b 9

The Formaldehyde Institute comments on the revised version of the risk
assessment are described and numbered as they appear on page 2 of the
comments. The responses include an additional comment, identified as Comment
24, which was stated on page 10 of the comments. Those Formaldehyde Institute
comments which quote EPA’s Formaldehyde Risk Assessment Update gquote only the
incomplete September 1990 draft update rather than the draft update of June
1991. Often the differences are important, as pointed out in the responses
below.

(1) Comment: The CIIT monkey data are rejected in favor of use of rodent data
which is unquestionably less relevant to humans,

Response: Staff very carefully reviewed all of the comments submitted during
the first comment period regarding this topic. The articles referred to in
the argument to support this comment were reviewed and were cited in the
revised document. This current version of the health effects document has
explicitly taken into account the monkey cross-linking data, and the range of
risks incorporates this information. (as indicated on p. 167 of Part C).
This information is reflected in Table 5 on p. 2-24 under column "contact,
dosimetric.” Although monkey cross-link data are incorporated into the range
of risks, OEHHA staff concluded that the resulting risk estimare did not
represent the best value because:

(). It is unclear how the partitioning of the oral and nasal breathing in
the monkey compares with the rats’ nasal breathing or the typical human
breathing patterns. The monkeys exposed to formaldehyde in the experiments
may have breathed orally to a substantial degree. thus reducing the nasal
exposure. :

{(1i). Rats may have more ability to datoxify fornaldehyde than humans due to
the rats’ higher glutathione levels and enzymatic activities, compared to
humans. Thus, humans may be more sensitive to formaldehyde. If the monkeys
did net engage in substantial mouth breathing, the measured low DNA-binding in
monkeys implies very high detoxification or other elimination of formaldehyde
or a higher rate of DNA repair. .The mechanism for this effect does not have a
clear explanation.

(1i1). The underlying cancer predisposition factors for lung in monkeys is
unclear. Data are not available which indicate that respiratory cancer in
monkeys correlates better with human respiratory cancer than rat respiratory
cancer. -

(iv). The available monkey date do not describe formaldehyde binding
throughout the complete respiratory.tract. Human data seem to indicate that
the primary risk factor from formaldehyde exposure is lung cancer in
particular and respiratory cancer in general. Elevated cancer rates have been
reported in humans for the lung, nasal passages, nasopharynx and buccal
cavity. Consequently, comparison of exposure between rats and monkeys,
isolated to a small area of the respiratory tract does mnot consider the
complete carcinogenic picture for humans,

(2) The argument that is offered to support the comment starts on p 3 by
asserting, "It is both incontrovertible toxicology doctrine and a specific
finding of the U.5. Environmental Protection Agency that primate data are more
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relevant to humans than rodent data." This generalization about toxicological
doctrine can be misleading without some particulars. In the present
circumstance, the issue is not a straight choice of cancer bioassays between
rat and monkey. There is no cancer bioassay for monkeys. So the revised
document chooses among three model results: (i) a standard default
extrapolation of the rat bioassay, (ii) an extrapclation that takes the
contact mechanism of carcinogenesis into account in a generic way without the
use of any special data, and (11i) an extrapolation that takes the contact
mechanise into account in a way that assumes that the monkey DFX data can be
used in a straightford way to make an adjustment for non-allometric
metabolism. While there is no citation for the specific finding, the lastest
EPA draft update (June 1991) did state, "EPA favors (the risk estimate) based
on DPX because monkey is considered a closer surrogate to humans than the
rat.” However, as indicated in the Auvgust 7, 1991 Environmental Policy Alert,
the EPA Science Advisory Board's Health and Enviremmental Exposure Committee
rejected the EPA draft analysis incorporating the monkey cross-linking data.
The Committee indicated that it would not endorse the lower risk estimate
based on the cross-linking data.

(b) The commenter’s argument on p. J cites two quotations from the September
© 1990 incomplete EPA draft. The first quotation is highly questionable,
especially as a summary of material in the test of the update.
As stated before, nonlinear dose responses 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....
While this assertion appeared in the summary of the inconplete draft of
September 1990, it does not appear in the summary of the June 1991 draft of -
the update. A second quotation, "Rat-based estimates may be too high at a
given exposure concentration, due to differences in breathing patterns.”, also
does not appear in the June 1990 update. In any case the statement is taken
out of context because, further down, the original EPA paragraph states. -"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.” Section 5.5.1 on p. 80 of the 1991 draft EPA S

update has a more carefully worded version of the- orlglnal paragraph
containing both these statements.
There are a number of uncertainties associated with risk estimates based.
on rat carcinogenicity data using dosimetry data, i.e. DPX, from ‘the rat

and monkey. Human risk estimates based on the rat dosimeter may be tDO""' o

high at a given exposure concentration, owing to differences in
breathing patterns resulting in different exposure of the target tissue..
The observed rat DPX concentrations best predict the rate of nasal
tumors, albeit in rats. Since the DPX were lower in the monkey mnasal -
mucosa, use of the rat dosimetry-based estimates may overestimate the
probability of nasal tumors in primates. On the other hand, the monkey
dosimetry-based estimates may be too low because the DPX levels measured
in the nasopharynx of monkeys, corresponding to a site having a possible
association of tumeor incidence in humans, are not considered in the
derivation of risk estimates. The dynamics of carcinogenesis in these
different respiratory regions in different species have not been
adequately examined.
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A reference cited in comnection with these statements, Monticello et al.
{1989), provides data on the monkey for 1 or 6 weeks, but the discussion does
not explain the significance of those data to the argument.

(¢) The quotations on p.4 of the commenter’'s argument do not match the cited
text of Heck et al. (1990). The second quotation does not appear in the
original text at all, and the final sentence of that quotation is misleading
for the quantitative risk assessment, "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 same concentration range."” Maximum-likelihood
estimates can, as in the present case, provide highly unstable predictions of
risk at low exposures. See, for example, the 1991 EPA draft update, p. 80.
Thus, though they can provide technically useful information in analyzing
intermediate results, they should be avoided in ultimate statements of risk
predictions at low exposures.

(d) The commenter'’s argument on p. 5 states that the 18-fold adjustment for
the monkey cross-link data does not fully incorporate the monkey data and that
a 54-fold adjustment is more appropriate. The 54-fold adjustment, which was
relative to the allometrically derived dosimetric model, compares effects in
only the nasal passages. Yet the monkey DNA-binding (DPX) data demonstrates
that the potential risk of cancer goes well beyond the nasal passages. A
complete comparison would compare the total DNA-bound dose in the rat to the
total dose bound in the monkey. However, such a complete comparison of the
relative cancer risk is not possible due to the incomplete data available on
the distribution of formaldehyde throughout monkey respiratory tract. The
analysis in the document used as much of the dose data as is available and
found a best estimate that reduced the risk 18-fold, relative to the purely
allometric analysis. -

{(e) Further, on p. 5 the commenter’s argument asserts: .

' There are myriad assumptions that are simply stated without support.
Two key examples are: (1) derivation of nasal penetration data for
monkeys from the high exposure -level, rather than from the lower
exposure level which would be more analogous to the human experience;
and (2) use of the upper bound for the nasal penetration data in the
rat. Despite the numerous assumptions, there is no discussion of the
effect of uncertainty. -

The three issues raised in this assertion are discussed in turn.

(i) Derivation of nasal penetration data. At lower applied concentrations
Heck et al. (1989) clearly labelled the postnasal values as uncertain. The
use of the highest exposure data for nasal penetration was to obtain the most
numerically precise result. Response 4a to the T. Starr Comments of November
10, 1990 presents an account of the calculation and a discussion of the
issues. The use of the highest exposure data does contribute to uncertaincy
of the result. :

(ii) Use of upper bound. The use of the upper bound of 0.03 for rat nasal
penetration was for convenience. Penetrations that are a few times lower
would have little effect on the results, which depend on one minus the
penetration -- thus at most a 3% error from this source -- and on the
logarithm of the penetration, an insenmsitive function.
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(i11) Effect of uncertainty. The OEHHA staff did consider how sensitive the
results might be to the assumptions, with the idea that the document would
point out any uncertainties found to have a major numerical effect.

(f) Remainipg points. Further assertions in the commenter'’s argument on
Pp.5-6, not gquoted here, lack specifies.

(2) Comment: In contrast to EPA and other organizations that have considered
incorporation of cell proliferation data in risk assessment, the Draft states
that these data increase the risk prediction.

Response: The EPA has not incorporated cell proliferation into their risk
analysis., 1In response to the earlier comments of the FI this version of the
California document developed predictions of the effect of cell proliferation
on the basis of available data and a number of modeling assumptions. The
results show that the use of a cell-proliferation model is likely to predict a
somewhat increased risk, while there is a small chance that a lower risk would
be predicted.

The commenter’s argument does not provide new data indicating that the OEHHA
data were incorrect.

{(a) On p. 6 the argument to support the comment starts by asserting, “CARB has
failed to recognize, as did EPA, that airborne concentration is a more
important exposure parameter than total dose:”. On the contrary, as pointed
out in the previous reponse to comments (FI, 1ld; Starr, 4a; Swenberg, Ba), the
use of DPX in both versions of the document weights applied concentration more
than time in the calculation of risk. In addition the cell proliferation
models used in the revised version of the document heavily weight the applied
concentration in the calculation of risk at high concentrations.

(b) On p. 7, the argument asserts , "cell proliferation caused by exposure to
high cytotoxic doses appears to represent the mechanism of formaldehyde
carcinogenicity.” (emphasis added). The word “the™ is entirely misleading.
Cell proliferation is gn enhancing mechanism, not the mechanism. Mutation is
an essential mechanism in the Moolgavkar models advocated by the FI ,
commenters, Starr and Swenberg. The Feron report, cited in the comments on p.‘
S, mentions several compounds which induce nasal cytotoxicity and
hyperproliferation but which do not cause nasal tumors. These compounds are
either not mutagenic or weakly so.

In regard to this point, it is instructive to consider a model within the
present understanding of the mechanisms of carcinogenesis, in which
formaldehyde enhances the underlying background mutation rate, and therefore
cancer rate, by virtue of increasing the net rate of cell replication due to
cell proliferation. In order for this model to produce the high incidence of
cancer observed in the biocassay at the high exposure (67Z) it is necessary for
the nasal cells to have a significant background cancer rate, even for the no
exposure group. This background cancer rate would be determined by the rate
of the no exposure group. A significant rate would be necessary because the
risk of producing cancer depends on the product of the background cancer rate
and the rate of cell proliferation. To produce the observed rate of cancer in
the high exposure group of the biocassay requires a background cancer rate of
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approximately 5 to 10X to get a hazard product of 50X, because the cell
proliferation rate is 5 to 10 times the background rate. A 5 to 10%
background cancer rate was not observed in the bioassay. Instead the
background cancer rate observed in the control animals (as well as the 2 ppm
exposure group) was zero, a result which is consistent with the very low
incidence of nasal cancer in historical controls. The revised document did
not include reszults of calculations for this cell proliferation model (Otel in
the notation of the revised version of the document, Appendix A) because the
resulting predictions are contrary to the observations.

(c) On p. 9, the commenter states, "the Feron Report® concludes "from the CIIT
data that human exposure to non-cytotoxic levels of formaldehyde represents a
negligible cancer risk.® Yet no quantitative estimates of risk are provided
and term "negligible™ is not clearly defined.

Also on p. 9, "With respect to the Feron study and a more recent study by
Wouterson,” the commenter cites CIIT as stating, "the induction of cancer
appears to require very high concentrations of formaldehyde.®™ No support for
this asserted requirement is offered, and the unreferenced citation does not
provide the necessary quantitative estimates for risk assessment.

(d) The commenter ends with a paragraph beginning, "The current Draft offers
two arguments in support of its failure to consider the cell proliferation
data.” OEHHA staff strongly disagree with this statement. The revised
version of the document provides the first thorough consideration of cell
proliferation data for formaldehyde risk assessment and uses cell
proliferation data, as outlined on p. 2-13 of the main text. In addition pp.
4-3 through A-10 describe the process in some detail. OEHHA staff, however,
believe that consideration of a model does not require acceptance of the model
with all of its assumptions,

(2A) Comment: CARB should consider the CanTox risk assessment

Response: The OEHHA staff did review and consider the CanTox risk assessment,
furnished by the Formaldehyde Institute. Page 2 of that assessment stated,
"The primary objective of the biological risk assessment of formaldehyde
prepared by CanTox is to update the EPA report with information either not
considered, or not available in the April 1987 report."™ The CanTox assessment
emphasized biological information, but the only quantitative risk assessment
is in Appendix €. In striking contrast to the EPA risk assessments based on
the multistage modelling, the principal conclusion of the CanTox assessment
was that "the no effect level for carcinogensis is 1 ppm.” This finding is
based on the assertion. "that at 1 ppm the operation of protective mechanisms
would eliminate the risk of developing formaldehyde-induced cancer of the
upper respiratory system.” The CanTox assessment did not explore quantitative
trends to reach this conclusion. Therefore, the conclusion does not meet the
needs of the Toxic Air Contaminant Program. Furthermore, the detection of
significant DNA binding of radiclabelled formaldehyde in the rat nasal

- passages for an applied exposure of 0.3 ppm and in the nasal passages of
monkeys at 0.7 ppm greatly limits the finding that 1 ppm would protect humans,
based on this protective mechanism hypothesis. The CanTox assessment was not
discussed in the OEHHA document because it is one of many reviews of the
formaldehyde literature but has not been published in the peer-reviewed
literature.
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(3) Comment: The draft totally ignores published studies indicating that
while formaldehyde is weakly genotoxic in vitro it does not have the same
effect in the live animal.

Respopse: The text of the 1987 IARC evaluation of genotoxicity of
formaldehyde is as follows:
In single studies of persons exposed to formaldehyde, increases in the
frequencies of chromosomal aberrations and sister chromatid exchanges in
peripheral lymphocytes have been reported, but negative results have also
been published. The interpretation of both the positive and negative
studies is difficult due to the small number of subjects studied and
inconsistencies in the findings.
No increase in the frequency of micronuclei or chromosomal aberrations
was observed in rodents treated with formaldehyde in vivo; assays for
dominant lethal mutations and DNA damage gave inconclusive results.
Formaldehyde induced sperm-head anomalies in rats. It induced DNA-
protein cross-links, unscheduled DNA synthesis, chromosomal aberrations,
sister chromatid exchanges and mutation in human cells in vitro. It
induced transformation of mouse C3H 10Ti/2 cells and chromosomal
aberrations, sister chromatid exchanges. DNA strand breaks and DNA-
protein cross-links in rodent cell in vitre. In Drosophila,
administration of formaldehyde in the diet induced lethal and visible
mutations, deficiencies, duplications, inversions and translocations and
crossing-over in spermatogonia. It induced mutation, gene conversion,
DNA strand breaks and DNA-protein cross-links in fungi and mutation and
DNA damage in bacteria.
Thus, IARC found in their official puhlication two years ‘after the. unpubllshed
Ontario report cited by the commenter on p. 13 that formaldehyde has =
reportedly induced mutations in viruses, bacteria, yeast, fungi, drosophila,
grasshoppers, and mammalian cells in culture. Also, formaldehyde has produced:
chromosome aberrations, sister chromatid exchange and single-strand breaks in
DHA. The US EPA in their draft Risk Assessment -of June 1991 cited.the
evidence for genotoxicity of formaldehyde and mentioned studies available.
subsequent to their 1987 document. They concluded, “"The new studies
corroborate previous findings of the gemotoxicity of fornaldehyde (EPA 1987) -

Although the SRP draft represencs an expedlted rlsk assessment focused on che
carcinogenicity of formaldehyde, it does not ignore the in vive data, much of
vhich is negative, but in vivo assays tend to be insensitive. Page 1-1 of
Part B states that "many in vivo studies have yielded negative or equivocal
results.” However, p. 1-1 also states that the presence of in vive binding of .
radiolabelled. formaldehyde_co DNA in the rat and monkey following inhalationm,
in addition to in vitro studies, indicates that formaldehyde is genotoxic. B
While the commenter focuses on in vivo mutagenicity, staff have considered all -
data relevant to genotoxicity... Unanimity of test results is not required-to }
consider an agent genotoxic. OEHHA staff believe that there is considerable .
evidence indicating that formaldehyde may act through a genotoxic mechanism to
induce cancer. OEHHA staff have also considered the cell proliferation -
mechanism for formaldehyde carcinogenicity and concluded that the cell
proliferation mechanism by itself cannot be responSLble for the full extent of
carcinogenicity observed in the rat.. . ; i :
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(4) Comment: The one-sided presentation of epidemiologic data continues, and
analysis relating to the conclusion that formaldehyde does not cause cancer in
humans is ignored.

Response: Appendix C of the formaldehyde report contains an extensive review
of the epidemiologic data. A section of the document on pp. 2-3 through 2-5
cites the studies that provide limited evidence of carcinogenicity and cites
recent studies, both positive and negative, Some epidemiclogic studies did
not find an elevated rate for any form of cancer in formaldehyde-exposed
workers, This outcome is consistent with formaldehyde having a carcinogenic
potency in the range of the predictions in the document. Many of these non-
positive studies, for example those cited on p. 59 of Part C, lacked the
statistical power to detect such a small effect. Nevetheless, other studies
cited in the document, studies with more subjects and therefore more
statistical power, did detect excesses in various cancers. As peinted out on
p. 2-3 of the document, seven studies reported statistlally significant
increases in upper respiratory tract cancer. In addition, "the three largest
-- and therefore potentially most sensitive -- industrial cohort studies
reperted elevated rates of lung cancer.”

On pp. 58-61, Part C, the commenter identified 10 studies that detected no
nasal cancer in relation to formaldehyde exposure and 2 studies that did
identify a statistically significant relationship (Olsen et al. 1984, Hayes et
al. 1986). In regard to the two positive studies the commenter states on
p.6l, Part C, "the accuracy of the exposure assessments in the Olsen and Hayes
studies is questionable, a problem of case-control studes, and wood dust may
be a confounding factor.® In response OSHA (1987, p. 46189) and others have
pointed out that random misclassification of exposures tends to reduce the
ability of a study to detect an effect. Also, OSHA in their final rule (1987,
p.46184-5) reviewed these two studies along with the follow-up study of Olson
et al. (1986) and reported that two industrial hygienists in each study
developed retrospective exposure assessments that were blind to any workers
history, an unbiased procedure. Thus, any inaccuracy would tend to reduce the
magnitude of effects. 1In addition the OSHA review points out that these
studies were able to separate out the effect of formaldehyde alone, finding "
a consistent 2-fold relative risk of squamous cell carcinoma of the nasal
cavity for formaldehyde exposure alone."

On pp. 63-69, Part C the commenter dicusses three studies (Staymer et al. 1986
~ at NIOSH, Blair et al. 1986 at NCI and Vaughan et al. 1986), two of which show
excess nasopharyngeal cancer and one shows excess buecal (oral) cancer. The
commenter asserts, "Careful review demonstrates that claims of an association
heween formaldehyde exposure and nasopharyngeal cancer based on the NCI and
Stayner cohort mortality studies and the Vaughan case control study are
unsupported.” We disagree with the commenter. OSHA in its final rule (1987,
pp. 46193-7) addressed similar concerns and concluded that the concerns did
not invalidate the association of excess cancers with formaldehyde exposure.

On p. 54, Part C, the commenter asserts, "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 these well- '
credentialed investigators.”™ The following responses discuss each of those
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" authors' conclusions, generally referring to the earlier discussion by the
federal OSHA, one of the background sources for the risk analysis.

on p. 70, Part C, the commenter quotes Blair et al. 1986, “the data provide
little evidence that mortality from cancer is associated with formaldehyde
exposure at levels experienced by workers in this study." The OSHA final rule-
(1987, p. 46185-46191) deals extensively with this issue. That text cites (p.
46187) several experts who disagreed with this conclusion. Among the experts
cited were five members of the Advisory Panel for the study. Much of the
disagreement was with “the premise that the presence of rising trends for lung
cancer risk and cumulative exposure was required to establish a finding that
formaldehyde workers were at increased risk of lung cancer.” The OSHA
discussion also included considerable evidence concerning the probability of
substantial exposure misclassification in the study and the effect of such
misclassification on obscuring any trend which might be present. OSHA (p.
46191) went on to summarize reasons why Blair and his colleagues failed to
find a dose-response relationship.
First, exposure misclassifications will bias the results against finding
a statistically significant dose-response relationship regardless of
whether high exposures are classified too low or low exposures are
classified too high.
Second, there is some indication that persons who were exposed at the
highest cummulative doses of formaldehyde may have been less likely teo
smoke clgarettes.
Finally OSHA (ibid.) srated,
Based on the above discussion, OSHA is of the opinion that formaldehyde
played a role in the excess risk of lung cancer observed in the workers
studied by Blair et al. {Ex. 156-A4).

The commenter on pp. 68, Part C quoted Vaughan et al. (1986b) as finding "a
strong association between a history of having lived in a manufactured home
and NPC* with the caveat, "the 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 OEHHA staff agree
with this caveat. '

In the last paragraph (p.78, Part C) of the section on lung cancers, the
commenter asserts, "there is no basis to predict a cancer risk to humans based
on the epidemiology studies. EPA concluded that ‘'apparent elevations in lung
cancer risk were not statistically significant’ and that ‘no statistically
significant exposure trends were cbserved.’'"™ The commenter, however, omitted
the first sentence of the paragraph from which the EPA quote was taken. The
first sentence states, "Increases in lung cancer were suggested in the newer
studies, but the evidence is not as strong as that for sinonasal and
nasopharyngeal cancer.* Consequently, the EPA paragraph does not appear to
agree with the statment by the commenter that "there is no basis to predict a -
cancer risk to humans based on the epidemiology studies.” :

Staff have not ignored the March 1991 comments by the Formaldehyde Institute
regarding the epidemiclogic data. Instead, the OEHHA staff have a different
opinion of the weight of the human epidemiologic evidence. Like the USEPA and
IARC, OEHHA staff have concluded that there is, at a minipum, limited evidence
of carcinogenicity in humans. In their 1987 final rule, the federal OSHA
concluded even more strongly (p. 46201},

- 000307
8



r

The evidence regarding human risk of exposure to formaldehyde has become
substantial. Case control studies indicate an excess risk of developing
nasal cancer which camnmot be attributed to wood dust exposure. The type
of tumor seen in humans is the same as that observed in the rodents.
Oro- and nasopharyngeal cancers have been seen in more than one study.
Finally, a study of the British formaldehyde industry (Acheson et al,
1984 a,b,c) suggesting a possible excess risk of lung cancer has been
corroborated in the U.S. industry (Blair et al. 1986).

Consequently, OEHHA staff have considered all the available epidemiologic
evidence. The staff concluded that there is limited evidence of
carcinogenicity of formaldehyde in humans and that several tumor sites in the
respiratory tract have been identified.

(b} The commenter asserts (p.l4d) that there is no overall risk of cancer among
formaldehyde workers. Cancer evaluation in workers is made on a study-by-
study basis. There is no comprehensive study which considers all workers
exposed to formaldehyde. Because of the heterogeneity of such a group, any
such effect would be very difficult to detect, even with exceptionally good
data, Available data are entirely inadequate to make such a statement.
Furthermore, as pointed out above and stated in Part B seven studies reported
statistially significant increases in upper respiratory tract cancer. In
addition, "the three largest -- and therefore potentially most sensitive --
industrial cohort studies reported elevated rates of lung cancer.”

(¢) The commenter expresses (p.l4) special disappointment that the document
*totally ignores the refutation® of the Sterling and Weinkam analysis in a
report to the Formaldehyde Institute by Marsh et al. (March 1990). The
executive summary of the Marsh et al. report begins,
Following the 1988 publication of the Sterling and Weinkam reanalysis of
the joint National Cancer Institute (NCI)/Formaldehyde Institute {FI1)
cohort study of formaldehyde exposed workers, the FI commissioned the
University of Pittsburgh to perform an independent reanalysis to confirm
Sterling and Weinkam's finding of an increased risk for lung cancer
mortality as a function of cumulative formaldehyde exposure, adjusting
for length of exposure.
The summary ends, o
We did not confirm Sterling and Weinkam’'s finding of a positive trend
for lung cancer with cumulative formaldehyde exposure adjusting for
length of exposure. Both length of exposure and cumulative exposure
were noninsignifcant predictors in the Sterling and Weinkam model. Like
Sterling and Weinkam, our risk ratio estimates for lung cancer were
elevated for the higher categories of cumulative formaldehyde exposure
relative to the baseline category. Unlike Sterling and Weinkam, none of
our estimates were statistically significantly elevated. There was also
no evidence of confounding by calendar time but a significant plant
effect was found that warrants further investigation. Latency period
was the only statistically significant formaldehyde exposure measure,
For all cancer and all cause mortality workers in the second category of
cumulative exposure (.1-.5 ppm-yrs) were at elevated risk relative to
the baseline; this risk was significantly elevated for all cause
mortality. The discrepancies between our findings and Sterling and
Weinkam's cannot be explained by the data management decisions or by the
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choice of statistical modeling algorithm. Recommendations are given for

areas of additional investigation.
Thus, for lung cancer, Marsh et al. reported finding elevated risk ratio
estimates but their values were not statistically significant. Furthermore,
Marsh et al. reported that consideration of latency did have a statistically
significant effect on the explanation of lung cancer. While some of the
conclusions of Marsh et al. differ from those of Sterling and Weinkam, the
staff do not believe that the Marsh et al. report constitutes "the refutation
of the Sterling data.™

The commenter’'s argument on Pp. 15 asserts,
The reanalysis corrected several flaws in the Sterling work, including
failure to properly classify exposures and failure to statistically
evaluate trends in the results relative to the different measures of
exposure.
Yet, nowhere in the report of Marsh et al. do the words, "flaws” or "failure”
appear. Instead the report speaks of "discrepancies" and "difference.” Also
' a statement on p. 3 of Marsh et al. acknowledges Sterling and Weikam's use of
a trend test in their letter to the Journal of Occupational Medicine in early
1989, which furnished the data ultimately used as a basis for the 1990
comparisons of Marsh et al. : ‘

Also on p. 15 the commenter states, "Marsh found that Sterling and Weinkam
apparently make a significant counting error in computing person years at
risk.” An informal inquiry by OEHHA staff on the telephone has obtained an
acknowledgement from Sterling and Weinkam that their person-year values were
about 102 higher overall than Marsh et al. because of reliance on nominal
factory starting dates instead of actual starting dates. They also reported
on the telephone that a recalculation of risks with the more accurate starting
dates had a negligible effect on the ultimate risks.

At the end of p. 15 the commenter‘s argument again mischaracterizes the report

of Marsh et al. ' ,
Marsh then reanalyzed the data to correct several flaws in Sterling and
Weinkam's analysis, including failure to properly classify exposures and
failure to statistically evaluate trends in the results relative to
different measures of exposure. ‘ _ '

This appears to be the opinion of the commenter because the Marsh et al.

report contains no statement like that in substance or in tone.

At the top of p. 16, the commenter quotes the Marsh et al.report in a way that

jeaves out an important qualification. The citation includes only the first

clause of the key sentence, which reads in full, ’ ' ’ '
We found no evidence of a positive trend with cumulative exposure in the
models we considered, but the estimated risk ratios were elevated in
Table 33 for the three categories of cumulative exposure relative to the
baseline of less than .l ppm-yrs. (Emphasis added to the clause omitted
by commenter.)

The next citation by the commenter on p.l6 takes a sentence out of context on
the same issue. The commenter gquotes the Marsh report, "Unlike Sterling and
Weinkam, none of our estimates were statistically significantly elevated and
the trend with cumulative exposure was not statistically significant." The

precedigg sentence in the report stated, »Like Sterling and Weinkam, our risk
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ratio estimates for lung cancer were elevated for the higher categories of
cumulative formaldehyde exposure relative to the baseline category.”

Finally on p. 16, this part of the commenter’s argument concludes with the
assertion, "CARB‘s statement at p. 170 that Sterling was unrefuted is flatly
incorrect and .ts analysis does not seem objective."™ Contrary to the comment,
the OEHHA staff -onclude that the Sterling and Weinkam results are unrefuted
and believe that this is a straightforward conclusion. The major issue
between the two reanalyses is whether or not there was a significant trend of
lung cancer with increased formaldehyde exposure in the NCI/FI study (Blair et
al., 1986). Certainly there is disagreement between the two reanalyses of the
original data, and the issue has become controversial. A refutation would
require a much closer look which indicated that the cause for the difference
is due to errors on the part of Sterling and Weinkam.

{d) The final section of the argument on epidemiology asserts (p.l6), "CARB
has ignored the published findings of the distinguished panel chaired by Dr.
John Higginson, the former chairman of the International Agency for Research
on Cancer (IARC), which rejects the assertion that the epidemiologic data
indicate formaldehyde presents cancer risk to humans.” This assertion is
incorrect. Neither the document nor the staff ignored this published work,
The commenter’s characterization that the panel "rejects the assertion that
the epidemiologic data indicate formaldehyde presents cancer risk to humans®
overstates the actual conclusions of Dr. Higginson’s panel:
Two conclusions from this review that would have widespread agreement
anong epidemiologists are: 1) for no malignancy in man is there
convincing evidence of a relationship with formaldehyde exposure and 2)
furthermore, that if a2 relationship does exist, the excess risk, in
abscolute terms, must be small. It is between these positions that more
specific conclusions are less certain.

A further conclusion of the panel’s report, not referred to by the commenter,

gives added perspective:
Topical sites have a plausibility that is lacking in the case of non-
topical sites, but with the exception of lung cancer, these topical
sites are rare and there is a paucity of studies of them. The
recognition of weaknesses in studies that have reported an association
between potential formaldehyde exposure and cancer of the nasal sinuses
or nasopharynx i{s not the same as explaining away their findings.
Although individual studies of cancer of the nasal sinuses, pharynx and
lung have shown significant association with formaldehyde exposure,
overall, there is no consistency among studies from any of these sites.

The Part B document did not provide a discussion of the panel’'s report because
of reliance on three reports by official bodies (EPA, OSHA, IARC) in the same
year (1987) the panel issued its report. The OEHHA staff, nevertheless,
considered the report of this distinguished panel in reaching the conclusion
of limited evidence of carcinogenicity in human studies. Generally, the staff
found the panel'’'s report did not conflict with the cenclusion of "limited
evidence of carcinogenicity in humans.” 1t is the OEHHA staff’s belief that
if consistency were demonstrated, that would consitute sufficjient evidence of
cancer in humans. However, due to lack of consistency the evidence can only be
considered limited. A later study of garment workers (Stayner, 1988) adds to
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the evidence for formaldehyde carcinogenmicity in humans. A still later review
(Blair et al. 1990b) adds to the case for carcinogenicity in humans.

(5) Comment: The draft fails to respond to the Institute’s comments
respecting the Edling and Holmstrum reports respecting hyperplasia.

Response: ' The commenter’'s argument starts on p. 17 by claiming that the Draft
(at p. 171) mischaracterizes the original comment. The claim has no basis.
The characterization of the comment relied on direct quotation of the
commenter, using the full citation in the commenter’s executive summary p. 36,
Part C, and the first sentence of the supporting paragraph, p. 86 Part C. It
was the OEHHA staff response which argued for concern because these human
studies found marked cellular effects even though the numbers participating
were quite small, from 74 to 206 persons in the individual studies, including
controls.

The commenter’s concern on p. 18 appears to be that indications of a positive
relationship of histological findings with formaldehyde exposure may be due to
bias. Responses to the commenter’s concerns expressed on p. 18 follow:

(1). *"There is no statistically significant correlation between the
observations and degree and duration of formaldehyde exposure.” None would be
expected for such small numbers of subjects.

(ii). "Alterations of the nasal mucosa have many possible causes, including
smoking and passive smoking. There was insufficient examination of the .
confounders.” All of these studies addressed the question of confounding due
to smoking, but the documentation of smoking habits was sketchy in the '
positive studies. )

(1ii). “"The control group was too small to be representative of the
population as a whole." The commenter furnishes no analysis to define or
support this statement.. : . : .
(iv). *“There is insufficient characterization of the formaldehyde exposure .
levels.™ All of the studies reported estimates of exposure. The commenter in
Ex. 20 does, however, raise doubts about the precision of estimates in the ..
study which apparently took the most care in estimating exposures (Holstrom et
al. 1988).

(v). "These results are inconsistent with other studies of the nasal mucosa -
of formaldehyde-exposed workers. Berke, et al.. 29 J, Ogcup, Med. 681 (1987) .
(finding no associated of abnormal cytology and formaldehyde exposure when -
controlling for age)." The positive studies performed nasal biopsies on all
of the subjects examined., .In contrast the negative study of Berke et al.,
now proposed to be cited in Part B, performed a biopsy on only a single
subject. : : S '

In their draft update of June, 1991, the US EPA concluded, .
In summary, results of the newer studies . indicate that formaldehyde
exposure along with other exposures encountered in the studied . _
occupational settings may enhance the severity of cellular damage. The -
major cellular changes in the nasal epithelium of formaldehyde-exposed
workers were loss of cilia, squamous metaplasia, and mild or moderate
dysplasia. The magnitude of the squamous metaplastic changes was more
pronounced among exposed than among the referent populations. A low
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prevalence of dysplasia also existed among exposed workers which were
absent among referents. _

These findings are based upon few individuals, and this limits the
conclusions. In addition, the prevalent design of these studies may
over- or under-estimate the effects. The lack of exposure-response
relationships in these studies may also be a reflection of the prevalent
study design; the studied populations could be considered survivor
populations. In addition, exposure misclassification may also be
present, thus, limiting the ability to detect exposure-response
relationships.

In overall response to the comment, the OEHHA staff proposes to add the
following to the existing paragraph in the revised version p. 2-3.

Edling (1988) found significant histological differences in the nasal
mucosa of formaldehyde workers compared to unexposed workers but found no
histological differemces between those exposed to formaldehyde and those
exposed to formaldehyde and wood dust. Berke (1987) found no statistical
relationship between exfoliated nasal cells in formaldehyde-exposed
workers and control groups. The results of these four studies are
varied, the studies all use small numbers of subjects and the study
designs are not sufficiently definitive. Thus, the studies, even taken
together, do not establish a relationship, but they de provide some
indication of possible histologic change due to formaldehyde exposure in
humans, consistent with results in animals.

Essentially all human studies have flaws. That is one reason why animal
studies are conducted. Staff of OEHHA have reported the available human
evidence and have considered them in totality.

(6) Comment: Erroneous reliance is placed on the ingestion study by
Soffritri.

Response: Part B does not rely on the Soffritti et al. study or any oral
study in determining the carcinogenicity of formaldehyde. Rather Part B on p.
2.3 reflects the investigator's reports of the principal studies of
formaldehyde carcinogenicity of animals. Response to detailed points on pp.
18-19 follow.

(i). “The Soffritti study does not indicate the substance being ingested.
Because the report mentions impurity by methanol, it is possible that the
study used formalin rather than formaldehyde as the test material.” Soffricei
et al. clearly specify a 0.3% methanol impurity as a stabilizer in the test
compound. The dominant pathway for metabolism of methanol produces
formaldehyde in its first step; so any additional carcinogenicity would still
be just as attributable to formaldehyde.

{(ii}. "Incidence of stomach tumors -- the observation on which the authors
rely for their conclusions -- did not differ sipgnificantly from the background
rate observed in historical controls. An increase in the embryo group
appeared only by combining difference stomach tumor types with various
gastrointestinal tumors. The tumors did not exhibit a clear dose-response
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relationship.” The commenter does not specify how the combining of tumors
invalidates any of the study’s conclusions and does not provide a statistical
analysis to document the assertion of the iack of dose-response relationship.
(ii1). *“The report does not present statistical evaluation of the data or
time-to-tumor information.* Statistical evaluation of the data would
certainly be useful, as would the time-to-tumor information.

(iv). "The test animals were not sacrificed at designated intervals, but
rather were allowed to live until spontaneous death, which would be expected
to result in a higher cancer incidence rate.” In the ending clause the
commenter’s meaning is unclear. True lifetime cancer rates would usually be
best estimated by using the actual lifetime.

(v). "There was no analysis of clinical chemistry, urinalysis, hematology, or
non-cancer pathological response. These gaps make interpretation of the study
results difficult.” Such data might be useful, especially to check on the
animals condition, but they are not often available in cancer bicassays.

:a). As the commenter points out on p. 19, the study of Til et al. {1989)
appears to be excellent. Nevertheless, it was conducted in a different strain
of rat with different responsiveness.

(b). The Feron et al. (1990) "Letter to the Editor” provides a useful
addition to the evaluation of that study. Those writers report that their own
statistical analysis of the leukemia data gives a nonsignificant result and go
on to suggest how the leukemia results might be simply due to chance. In
addition they point out unusual patterns of tumors, a lack of crucial
information in the paper, and some oversights in the literature review. Those
writers do not claim, however, to discredit the Soffritti et al. study. It is
unfortunate that the two groups have not been able to get in touch in order to
- satisfy the Feron group about the conduct of the study, but that does not
necessarily minimize the validity of the Soffritti et al. study.

The OEHHA staff propose adding the following sentence to the end of the first
full paragraph on p 2-3 of Part B: "In a letter to the editor, Feron et al
(1990) questioned the conclusions and some methods of Soffritti et al (1989).°

(c). The US EPA in the update of June 1991 stated, *Collectively, the
findings of these drinking water studies with formaldehyde (Takahashi et al.,
1986: Til et al., .1989; Tobe et al., 1989; Soffrictti et al., 1989) provide
only suggestive evidence -for the carcinogenicity of formaldehyde in the rat by
oral route.” v : .

(d). 1In conclusion, -the commenter’s argument does not support the-assertioﬁs,
*The Soffritti study has been discredited" or “"the Soffritti study should be
accorded no weight.* '

In Part B the Soffritei et al. study is cited along with the Til et al. and
Tobe et al. and the Takahashi et al. studies. OEHHA staff disagree with the

commenter and believe that the present reference to the Soffricti et al. study
is appropriate in the .document.
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The US Environmental Protection Agency sent two sets of comments that were very
similar in substance. At the Science Review Panel meeting of October 22, the
OEHHA staff responded orally to the first set, signed by K. Hogan and dated
October 15. The present responses are to the second set, signed by J. A. Corruve
and dated October 16.

(1)

(2)

(3)

Comment: The revised cancer risk assessment incorporates several different
methodologies and assumptions (e.g. models, species scaling factors) and
presents a3 a raYge of risks which are within two order of magnitude (0.31-
41.0 x 10™° ppm ") but endorses the use of the unit risk derived from a
three-stage tissue-based (pharmacokinetics) model with a rat to human
scaling factor of 1.2 as the gesc eitimate of Upper Confidence Limit (UCL)
on unit risk (i.e., 7.0 x 10" ppm . The summary (pp. 1-2, 1-6) of Part
B Health Assessment should indicate more clearly which UCL unit risk
estimates incorporated cell proliferation modelling, and which did not.

The discussion concerning scaling factors (Appendix A) is not quite clear,
either, as to which unit risk estimates incorporate which scaling factors.
These sections should coordinate better.

Regponse: The OEHHA staff propose to edit the report to provide more
clarity and coordination, in the manner suggested by the commenter.

Comment: The "best estimate™ UCL on unit risk (p. 1-6) would be better
described as the reference value, because "best estimate” has become
statistical jargon which implies a differemnt situation than the Summary
describes. Reference value is a more neutral term and it should be
accompanied with the appropriate qualifiers as to it being a current
Judgement in the midst of a number of possibilities.

Response: The OEHHA staff propose to replace the term, "best estimate",
throughout the text with the term, "best value". An explanation in the
text would emphasize that this "best value® is sélected by the OEHHA staff
as a judgement from a number of possible values,

Comment: Relationship of Predictions to Observed Human Cancer Risks, (p.
2.20, Part 8) - The use of lung cancer incidence and the assumption of 2.0
ppm exposure associated with non-sedentary activity are not adequately
justified. In relation to formaldehyde exposure, lung cancer was not as
clearly in excess as was nasopharyngeal cancer in the Blair et al. study.
Concerns were noted in the document explaining why the excess lung cancer
may not be entirely due to formaldehyde exposure. In addition, it would
probably be more correct to halve the exposures in less active scenarios
when trying to generalize to other situations, than to double the estimated
exposures in the Blair study.

Responge: (a) The assessment extrapolates risk from rats to humans on the
basis that the rates of cancer in the rat’s nose are essentially spread out
over the entire respiratory tract of the human, following the expected
distributions of concentration in both cases. Thus, the comparison in Part
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(3)

B is for lung cancer, which is nearly equivalent to total respiratary
cancer, but the observations may be elevated above the pure formaldehyde
risk because of accompanying exposure to particles. The OEHHA staff
propose to add such an explanation at this point in the text (p. 2-20).

(b) The assessment provides a basic lifetime unit risk based on rats in a
sedentary state, during their daytime exposure. So the extrapeolation of
rat incidence to human risk implies a sedentary state. Thus, the rat
equivalent exposure for humans needs to be doubled to take into account the
doubling of human ventilation rate of the ghysically active_factory worker
relative to the more typical worker -- 20m~ compared to 1l0m~ breathed
during the 8-hour workday.

Comment: Pp. 2-10, Part B, first sentence - The estimation method used for
the dosimetric model appears to have involved a least-squares procedure to
obtain a best fit between the observed rate of binding of formaldehyde to
DNA (y) and the exposure concentration (X), instead of a fit between the
predicted and observed values of y, which would probably be a straight line
with a slope of unity. :

Respouse: The OEHMHA staff propose a change in terminology in that
sentence: "The estimation method was to obtain an algebraic expression
predicting y and then to determine the parameters aj, bj, c¢) by minimizing
the summed, squared deviations between predictions and cbservations, using
inverse variance weights on the squared deviations®,

Compent: The discussion of the third scaling factor might be easier to
follow if the dimensional units of the variables were included (p. A-14).

Response: The OEHHA staff propose to add dimensional units as indicated on
p. A-14.
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Response to T. Stary Comments of Novegber 10, 1991

Each of the four sections of comments is characterized by a single quoted
sentence representing the central concern of that portion needing a response.

1. Comment: "While data regarding cell proliferation in rats and DNA-protein
cross-linking in monkeys that were considered point toward reduced human
cancer risk, these data were not utilized at all in CARB’'s final risk
computations.” (p. 2, below middle)

Response: The Draft SRP Version uses both the cell proliferation data in rats
and the DNA-protein crosslinking data in monkeys in models to compute cancer
risks. The resulting values appear in the range of risks, but the OEHHA staff
did not select either of those results as the best value because of a lack of
assurance on the scientific merit of either calculation with its set of
assumptions. ’

(a) On p.2 the commenter asserts, "Indeed, when only cne component of this
evidence, namely, the extent of formaldehyde-induced DNA-protein crosslinking
in monkeys, is fully and properly taken into account, then CARB's new upper
bound estimate of human cancer potency is reduced by a factor of approximately
13-fold." This statement would be correct only if the monkey data could be
interpreted in the manner that the commenter has suggested. That
interpretation depends upon the assumption that the monkey breathes
essentially through the nose and that virtually all the formaldehyde that _
could lead to cancer is absorbed there and that the nose fs the only locus of
cancer risk, as in the rat. But that assumption is contrary to the
observations of DNA-protein cross links distributed well past the nose in
monkeys (Heck et al.,1989). See response to Comment 2, below.

{(b) On pp. 2 and 3 the commenter asserts,

CARB has also continued to assume that different temporal exposure
patterns corresponding to a given continuous lifetime exposure all yield
the same cancer risk. Because this assumption stands in direct
contradiction to the acknowledged amplifying effects of increased cell
replication on the carcinogenic process at high, but not low,
formaldehyde concentrations, it introduces additional conservative bias
inte CARB's upper bound estimates of human cancer risk, further
exaggerating the risks associated with low exposure levels.

In the risk calculations The draft SRP version does use the simplifying
assumption of the rate of cell proliferation remaining constant at the level
of the 12-month data. This simplification contributes to the uncertainty of
the resulting predictions. The risk predicted at low concentrations might be
smaller in some cell proliferation models if they incorporated a rate of cell
proliferation larger than background, as observed within the first 3 months
for an exposure of & ppm. Nevertheless, whether this incorporation would
increase or decrease unit risk is uncertain.

The section at the top of p. 3 goes on to assert, "CARB’'s own computations
indicate that this bias may be as large as another 5.3-fold factor." The

mention of the possibility of bias in only one direction appears to assume
that the model predicting the lowest risk will provide the best predictor.
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The ratio of UCL for unit risk of the three-stage tissue-based model (3t),
selected to give the best value, to the UCL for unit risk of the cell
proliferation model (ltn2) giving the lowest unit risk is 5.8/1.1 = 5.3, the
factor mentioned in the comment. The ratio is a measure of uncertainty of the
models. This cell proliferation model (1tn2) is statistically marginal and is
difficult to justify biologically because the model requires formaldehyde to
increase mutation rates of beth normal cells and premalignant cells with no
increase in rmumbers of premalignant cells due to formaldehyde.. All the other
cell proliferation models, some of which provide an excellent statistical fit
of the data, increase the estimates of risk.

Attached is a figure, proposed as Fig. A-1 for Part B. The figure shows the
assumptions about the mechanistic role of cell proliferation in each of the
cell proliferation models reported in the Draft SRP Version.

2. Comment: "This conservative bias in DPX predictiom at low airborne
formaldehyde concentrations should be corrected, even though it is quite small
when compared to {other overpredictions)."™ (p. 3, bottom)

Responge: The comment, which points out that the metabolic model in Part B
predicts DPX values that are greater than the (two) measured values at low
concentrations, is essentially & reiteration of the commenter’'s previous
comment on pp. 95-96 of Part C. The comment here does not specify a
relationship to obtain coincidence of the predictions with these measured
value, although the commenter has published (Starr, 1990) a risk model using
linear interpolation between adjacent data points to obtain predictions of
DPX. On p. 172 of Part C the previous response to this comment points out
that the methced used to predict DPX in Part B omn pp. 2-9 and 2-10, which is
that of Casanova et al. (1989), gives a central tendency of the relationship
between DPX and applied concentration of formaldehyde. Thus, the commenter’s
published use of a particular measured value of DFX rather than the predicted
central tendency would be more likely to lead to bias than would the use of
the model in the risk assessment. '

3. Comment: "CARB’s risk estimation should be modified so as to fully and
properly account for the explicitly time-dependent effects on (cell)
proliferation that are known to be present." (p. 4, third paragraph)

Response: The cell proliferation modeling did not try to take the time
dependence of the cell turnover inte account explicitly, even though, as the
commenter pointed out, at times much shorter than 3 months investigators have
reported substantial cell proliferation at the key concentration of 6 PpER.
The commenter suggested the very useful test of setting R greater than one for
this exposure group to get an idea of the effect of the initial cell '
proliferation. '

Also the analysis did not take account of time-to-tumor information. As the
commenter pointed out, these data might provide a way to check the cell
proliferation modeling. Such an approach does not appear to have been
published in the scientific literature. It is unclear if the approach would
have a significant impact on estimates of unit risk.

4. Co t: "Until direct measurements of DPX in humans are available, thé
most plausible and scientifically defensible asssumption is that humans
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develop DPX, and experience attendant cancer risk foliowing formaldehyde
exposure, to the same extent as do monkeys.* (p. 7, final paragraph)

Response: Page 1 of the Response to Formaldehyde Institute Comments of October
18, 1991, contains a general response to this assertion. The general
response, which extends down to heading "(a)” on the cited p. 1, explains that
the monkey dar may not be appropriate for the desired dosimetry because,
among other reasons, the monkeys may have engaged in substantial mouth
breathing and no oral measurements were reported. Specific responses to the
argument follow:

(a) On p. 5 of the comments, the paragraph that begins below the middle of the
page assserts that the approach used for the dosimetric contact scaling factor
is "very crude and is not likely to provide accurate quantitative prediction
of species diffences in dosimetry.® For example, the formula for penetration
of contaminant gas along an airway (equation A-16) is ®"really only valid for
straight cylindrical passages of constant cross-section with unlimited and
homogeneous absorptive capacity.” The commenter’s assertion is too
restrictive. The equation will be approximately correct in an average sense
in a number of configurations that can be approximated by flow in a simple
tube. Significant variability of concentrations occurring in the actual
configuration, such as "hot spots” mentioned in the comnenter‘ argument, would
tend to make the resulcs 1mprecise but not invalid,

The commenter asserts that the parameter, k, will almost certainly be
significantly dependent upon the “depth of airway penetration.” The parameter
may vary as a function of distance along the airway, but the commenter has
given no evidence that the variation is enough to invalidate the results,
which are only expected to be approximate in this complex biological
situation.

In the first paragraph on p. 6 the commenter asserts that less penetration
ocecurs at low exposures of formaldehyde than at high exposures. The commenter
offers no support for this statement, and measurements accurate enough to
establish this statement would be difficult to make because measurements of
penetration at low concentrations are difficult to make accurately. Use of
the penetration value calculated for the highest exposure appears to be the
only feasible alternative. It avoids reliance on the uncertain values of the
lower exposures, but it does contribute to uncertainty of the result.

On p. é the commenter asserts that the derivation of the estimates of airway
penetration for rats and monkeys in Table A-3 of the draft SRP version is
unclear. OEHHA staff propose to provide further explanation, as indicated
below. 1In the parameter estimation for the monkey the OEHHA analysis used
Table 1 of Heck et al. (1989) to obtain the value of 0.7 for nasal penetration
from the binding data, as indicated in footnote "b" of Table A-3 of the draft
SRP version. The following should be added to that footnote:

(6.0 ppm) to avoid the uncertainty of binding data obtained at lower
exposures., The calculation of penetration used the local concentration
of DNA-protein cross-links (DPX), 9.4 pmol/mg DNA, in the larynx-
trachea-carina region to infer the airway formaldehyde concentration in
that region. This DPX value is about half the 18.2 pmol/mg DNA in the
turbinates and anterior nose, associated with the applied exposure of 6
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ppm. Figure 5 of Casanova et al. (1991) provided the interpolation
curve to obtain the airway concentration of approximately 4 ppm at that
location for half the binding of the 6 ppm exposure. Thus, penetration

is 4 ppmn / 6 ppm = 0.7,

The Draft SRP Version used this value, rather than relying on the unsupported
range of absorption of 0.7-0.9 in Table 2 of Heck et al (1989), which gives a
range of penetration of 0.1-0.3. Note also the rationale of the previous
paragraph in this response. In the parameter estimation for the rat the OEHHA
analysis used the Dallas et al. (1985) data referred to on p. A-11l. That
citation should be added to Table A-3. Footnote "a", specifying the upper-
bound value of 0.03, includes the range of penetration of 0 to 0.02 that
Dallas et al. reported. The OEHHA analysis used these data in preference to
the upper bound of 0.07 from the unreviewed abstract cited in Table 2 of Heck
et al. (1989). The preliminary study by Patterson et al. (1986), may have
given the high penetration cited by Heck et al (1989) because the experimental
design, which was not documented, may have used an atypical flow through the
nasal passages.

(b) On p. 6 the commenter asserts that the default scaling factor is
"inconsistent with what is known regarding the molecular dosimetry of airbore
formaldehyde in rodents and monkeys.” This assertion is an overstatement.

The pattern of formaldehyde distribution of deposition is not the same in rats
and monkeys. The commenter’s approach, outlined on page 6, appears to assume
that all the deposition (of concern) in both species occurred in the nasal
passages. But the data from Casanova et al. (1991) show that the

distributions are very different, and potential mouth breathing by the monkeys -
. complicates distribution patterns further. Thus, the commenter’s assertion
appears to be based on a hypothesis which is unlikely to be correct.

(c) On p. 7 the commenter asserts that “the monkey DPX data can and should be
used to estimate human cancer risk, as has been demonstrated and recommended
by Starr (1990) and, subsequently, by the US EPA in its recent draft update
(USEPA, 1990) and final (draft) update (USEPA, 1991) of its 1987 formaldehyde
health assessment document.” The draft SRP version considered such estimates
in defining the range of risk but the OEHHA staff do not agree that these
data lead to the best value.-' -

The commenter goes on to- point out tha: 'in October, 1990, the US EPA's

Science Advisory Board concurred with this recommendation." In July, 1991,
the Science Advisory Board has been characterized (Environmental Policy Alert,
August 7, 1991) as not being prepared to endorse the lower risk estimate based
on the (monkey) cross-linking data. - Thus, the initial endorsement in 1990 by
the USEPA’s Science Advisory Board appears to have been reversed.
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Response _to P, Barrett Compents of April 24, 1991

: The commenter forwarded a copy of his "comment report® on the EPA
Formaldehyde Risk Assessment Update of September, 1990. In his cover
letter he stated that the assumption of zero threshold should be re-
examined in the case of formaldehyde. He asserted that the EPA document
contains strong evidence that a positive threshold exists.

Response: The relevant part of the "comment report” starts on page 12 with
a section that develops a fit of the DPX data to formaldehyde exposures in
rats and monkeys. The commenter finds the EPA’s segmented linear fit
unacceptable, as did Part B of the present document. The commenter
develops his own quadratic fit. His analysis arrives at this fit by
polynomial regression and justifies it in retrospect by noting that the
concentration in a pure aqueous solution of formaldehyde is also quadratic
in the partial pressure of the formaldehyde vapor above it. However, he
does not explain why the two quadratic relationships, aqueous and mucosal,
have different shapes. The commenter asserts without supporting
information that the dimerization of formaldehyde in solution at high
concentrations causes the quadratic effect. The commenter does not mention
the metabolic mechanisms presented by Heck et al. (1989) and in Part B,
which justify the relationship developed in Part B. That relationship has
a very different form, a linear asymptote at high exposure, compared to the
quadratic form of the commenter’s relationship. The commenter’s
unpublished analysis would require considerably more support and
justification before inclusion in the analysis of Part B.

The remainder of the "comment report™, starting on page 18, develops a
prediction of risk using the foregoing quadratic relationship between DPX
and exposure. So all that follows contains any shortcomings of that
analysis. The commenter’s risk prediction results from a numerical
exploration of the relationship between the quadratically defined DPX and
the risk factor, in(1-P), obtained from the rodent cancer bioassays. The
commenter points out that the EPA document, in effect, selected the model
with the risk factor proportional to the square of the DPX and obtained a
very poor fit. However, instead of considering a form of risk that is a
general cubic in DPX, as in the three-stage model of Part B, teo obtain a
good fit, the commenter only considers a hockey-stick threshold shape to
obtain a good fit of risk factor to DPX, without quantitative consideration
of the mechanism that could produce such an abrupt change of slope in the
risk relationship. Such an abrupt change, although convenient
mathematically, is not likely to be mechanistically plausible.

The commenter’s analysis has several other unconventional features that are
insufficiently justified. The analysis does not use maximum likelihood
estimates, which do provide valuable measures of uncertainty. The
commenter alsc uses a completely new adjustment on risk to account for the
time of the experiment, instead of the adjustment on dose used by
toxicologists.

on the basis of this discussion, the OEHHA staff conclude that the
commenter has not established a basis for a pesitive threshold for
formaldehyde and that his suggestions are not appropriate for inclusion in
Part B.
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