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5.4. CONCLUSIONS FROM THE QUANTITATIVE ASSESSMENT OF CANCER
RISK FROM FORMALDEHYDE EXPOSURE BY INHALATION

5.4.1. Inhalation Unit Risk Estimates Based on Human Data

As described in Section 5.2, a (plausible upper bound) lifetime extra cancer unit risk of
1.1 x 107 per ppm (8.8 x 107 per pg/m’) of continuous formaldehyde exposure was estimated
for NPC incidence using the log-linear modeling results (for NPC mortality from cumulative
exposure) from a high-quality occupational epidemiologic study in a life-table analysis to obtain
a POD and then applying linear low-dose extrapolation from the POD. Using similar methods
and data from the same study for Hodgkin lymphoma and leukemia mortality from cumulative
formaldehyde exposure, (plausible upper bound) lifetime extra cancer risk estimates of
1.7 x 107 per ppm (1.4 x 10~ per pg/m’) for Hodgkin lymphoma incidence and
5.7 x 107 per ppm (4.6 x 10~ per pg/m’) for leukemia incidence were derived. Sources of
uncertainty in these estimates are discussed in sections 5.2.2.4 and 5.2.3.4. For the incidence
risk for these three cancer types combined, a total (upper bound) cancer unit risk estimate of

8.1 x 107 per ppm (6.6 x 107 per pg/m’) was obtained (see Section 5.2.4).

This document is a draft for review purposes only and does not constitute Agency policy.
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5.4.3. Summary of Inhalation Unit Risk Estimates

The epidemiologic and rodent inhalation data indicate multiple sites of concern. Unit
risk estimates calculated separately from these data are presented in Table 5-26.

As can be seen in the summary table (see Table 5-26), the unit risk estimate based on
human data for NPC is in the range of the estimates calculated for respiratory tract cancer from
the rodent nasal cancer data. The unit risk estimate for Hodgkin lymphoma is also in the same
range, while the unit risk estimate for leukemia and the total cancer unit risk estimate are up to
fourfold higher.

As noted in EPA’s Guidelines for Carcinogen Risk Assessment (U.S. EPA, 2005a), when
high-quality human data are available, they are generally preferred over laboratory animal data
for quantitative risk assessment. Thus, the preferred (plausible upper bound) unit risk estimate in
this assessment is the value of 8.1 x 107 per ppm (6.6 x 10~ per pg/m’) based on human data
for NPC, Hodgkin lymphoma, and leukemia.

As documented in Section 4.5, formaldehyde is a mutagenic carcinogen and the weight of
evidence supports the conclusion that formaldehyde carcinogenicity can be attributed, at least in
part, to a mutagenic MOA. Therefore, since there are no adequate chemical-specific data to
evaluate the susceptibilities of different life stages by the inhalation route of exposure, increased
early-life susceptibility should be assumed, and, if there is early-life exposure, the ADAFs
should be applied, in accordance with EPA’s Supplemental Guidance for Assessing
Susceptibility from Early-Life Exposure to Carcinogens (U.S. EPA, 2005b). See Section 5.4.4
below for more details on the application of the ADAFs.

The inhalation unit risk estimates presented above, which are calculated based on a linear
extrapolation from the POD (95% lower confidence bound on the EC), are expected to provide
upper bounds on the risk of cancer incidence. However, for certain applications, such as benefit-
cost analyses, estimates of “central tendency” for the risk below the POD are desired. Extra risk
estimates per ppm based on linear extrapolation from the EC (e.g., 0.005/ECyos) for the cancer
responses based on the human data are reported in Table 5-27. Note that these extrapolated risk
estimates are not central tendency estimates in any statistical sense because once risk is linearly
extrapolated below the EC, it is no longer a function of the original (Cox regression) model
which generated the ECs and the LECs. These estimates are dependent on the suitability of the
EC estimates as well as on the applicability of the linear low-dose extrapolation. The

assumption of low-dose linearity is supported by the mutagenicity of formaldehyde (see Section
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4.5.3). [If
Table 5-26. Summary of inhalation unit risk estimates

Unit risk estimate
Cancer type” Dose metric (Ppm_')
Based on epidemiologic data
Nasopharyngeal Cumulative exposure 0.011
Hodgkin lymphoma Cumulative exposure 0.017
Leukemia Cumulative exposure 0.057
Total cancer risk” Cumulative exposure 0.081
Based on experimental animal data
. Local dose (flux) of
SCC of the respiratory | ¢ 1 dehyde in 0.011-0.022
tract )
pmol/mm~-hour

*The unit risk estimates are all for cancer incidence.

°The total cancer unit risk estimate is an estimate of the upper bound on the sum of risk estimates calculated
for the 3 individual cancer types (nasopharyngeal cancer, Hodgkin lymphoma, and leukemia); it is not
the sum of the individual (upper bound) unit risk estimates (see Section 5.2.4).

these estimates were to be used for benefit-cost analyses or some other purpose, ADAFs should

be applied, as appropriate, in accordance with EPA’s Supplemental Guidance for Assessing
Susceptibility from Early-Life Exposure to Carcinogens (U.S. EPA, 2005b), as discussed above
and in Section 5.4.4.]
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5.4.5. Conclusions: Cancer Inhalation Unit Risk Estimates

As presented in Section 5.4.3, the preferred (plausible upper bound) cancer unit risk
estimate for formaldehyde exposure in this assessment is the total cancer risk estimate of
8.1 x 107 per ppm (6.6 x 10~ per pg/m’) based on (adult) human data for NPC, Hodgkin

lymphoma, and leukemia.

This document is a draft for review purposes only and does not constitute Agency policy.

5-142 DRAFT—DO NOT CITE OR QUOTE


shindo
取り消し線

shindo
取り消し線

shindo
取り消し線

shindo
取り消し線


O 00 0 N W A W N =

[N I e e e e
S O 0 39 N L B~ W N = O

In addition, as described in Section 5.4.4, because the weight of evidence supports the
conclusion that formaldehyde carcinogenicity can be attributed, at least in part, to a mutagenic
MOA and there are inadequate chemical-specific data to assess age-specific susceptibility,
increased early-life susceptibility should be assumed and, if there is early-life exposure, ADAFs
should be applied, in accordance with EPA’s Supplemental Guidance for Assessing
Susceptibility from Early-Life Exposure to Carcinogens (U.S. EPA, 2005b). Consequently,
applying the ADAFs to the preferred unit risk estimate to obtain a full lifetime unit risk
estimate yields

0.081/ppm x [(10 x 2 years/70 years) + (3 x 14/70) + (1 x 54/70)]
= 0.13/ppm = 1.1 x 10~*/(ng/m>)

Using the above full lifetime unit risk estimate of 0.13 per ppm, the lifetime chronic
exposure level of formaldehyde corresponding to an increased cancer risk of 10™° can be
estimated as follows: (107°)/(0.13/ppm) = 7.7 x 10" ppm = 0.008 ppb = 0.009 pg/m’. Similarly,
the lifetime chronic exposure level of formaldehyde corresponding to an increased cancer risk of
107 is 0.8 ppb, or 0.9 pg/m’. (Note that for less-than-lifetime exposures scenarios [or for
exposures that vary with age], the adult-based combined estimate of 0.081 per ppm should be
used, but if there is early-life exposure, the ADAFs should be applied in accordance with EPA’s
Supplemental Guidance [see Section 5.4.4)).
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