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PROPOSED RULES 

 

ENVIRONMENTAL PROTECTION AGENCY 

 

40 CFR Part 765 

 

[OPTS–62033; FRL 2581–5] 

 

Formaldehyde; Determination of Significant Risk 

 

Wednesday, May 23, 1984 

 

*21870 AGENCY: Evironmental Protection Agency (EPA). 

 

ACTION: Advanced notice of proposed rulemaking (ANPR). 

 

II. TSCA Section 4(f) 

 

A. Legislative Language 

 

Under section 4(f) of the Toxic Substances Control Act (TSCA), if EPA receives test data or other 

information— 

 

* * * which indicates to the Administrator that there may be a reasonable basis to conclude that a 

chemical substance or mixture presents or will present a significant risk of serious or widespread 

harm to human beings from cancer, gene mutations, or birth defects, the Administrator shall, 

within the 180-day period beginning on the date of the receipt of such data or information, initiate 

appropriate action under section 5, 6, or 7 [of TSCA] to prevent or reduce to a sufficient extent 

such risk or publish in the Federal Register a finding that such risk is not unreasonable. 

 

Thus, there are two decisions to make under section 4(f) before a chemical is to be afforded pri-

ority regulatory attention. First, EPA must make the section 4(f) threshold determination that 

available information on a chemical indicates there “may be a reasonable basis to conclude” that 

the chemical presents a “significant risk of serious or widespread harm to humans from cancer, 

gene mutations, or birth defects.”Second, if the threshold determination is made, the Agency is 

obligated to decide quickly whether to initiate regulatory action. . . .  

 

III. Summary of EPA's Section 4(f) Decision 
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After review of the scientific data and public comments relevant to formaldehyde, EPA has de-

termined that there may be a reasonable basis to conclude that certain exposures to formaldehyde 

present or will present a significant risk of widespread harm to human beings from cancer. The 

exposures which triggered this decision are those associated with manufacture of apparel from 

fabrics treated with formaldehyde resins and residence in conventional and manufactured (mobile) 

homes containing construction materials in which certain formaldehyde resins are used. It is with 

respect to these two exposures that EPA believes the criteria of section 4(f) are met. . . .  

 

V. Basis for EPA's Determination 

 

The discussions in Units V. A, B, and C below cover EPA's conclusions and answers to comments 

about the available information on formaldehyde's toxicity, current exposures of human popula-

tions, and, finally, EPA's estimates of risk to exposed populations. These are the three areas of 

inquiry for a section 4(f) decision. A brief summary of pertinent EPA policy is presented at the 

beginning of the discussion. 

 

A. Toxicity—Carcinogenicity 

 

1. Effect of concern. The three effects of concern under section 4(f) are cancer, gene mutations, 

and birth defects. The Agency has determined that there are animal cancer data on formaldehyde 

that can be used to estimate human cancer risk. This will be explained more fully below. There is 

no clear evidence linking formaldehyde to birth defects or to mutations in mammalian germ cells. 

. . . 

 

Accordingly, the present section 4(f) determination has been limited to whether there may be a 

reasonable basis to conclude that formaldehyde presents or will present a significant risk of serious 

or widespread harm to human beings from cancer. 

 

2. Cancer policy.  

 

. . . EPA believes that the available animal test data show that formaldehyde is an animal carcin-

ogen. As discussed below, formaldehyde is carcinogenic in males and females of one strain of rats 

and in males of another strain, and there is suggestive evidence in mice. In the [24-month rat bi-

oassay conducted by the Chemical Industry Institute of Toxicology (CIIT)], formaldehyde pro-

duced tumors of a type with very low background rates after a short latency period and with a 

dose-response relationship. Also, the tumors were invasive locally. Negative studies in other 

species, in this case the hamster, do not reduce the weight given to the positive findings. 

 

Other data support the bioassay data. . . . Formaldehyde has been shown to be capable of eliciting 

benign tumors at concentrations which fall within human exposure ranges and malignant tumors 

within an order of magnitude of human exposure. In addition, other aldehydes which are struc-

turally similar to formaldehyde, such as acetaldehyde, acroleinaldehyde, malondialdehyde, and 

glycidaldehyde, have been shown to have oncogenic effects. Finally, existing epidemiologic data 
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cannot be relied on to prove or disprove that formaldehyde is a carcinogen in humans. 

 

Consequently, EPA has determined that by its 1976 critieria there is sufficient evidence to con-

clude that formaldehyde is a potential carcinogen in humans. EPA's analysis of the applicable data 

is explained below. 

 

3. Animal data. The first long-term study reporting a carcinogenic response in animals to inhala-

tion of formaldehyde is one by CIIT which reported statistically significant (the statistical assur-

ance that the effect is not due to chance) increased levels of squamous cell carcinomas (malignant 

tumors) in the nasal cavities of rats at 14.3 parts per million (ppm) (Ref. 1). In this study, groups of 

approximately 120 male and 120 female rats (Fischer 344 strain) and mice (C57BL/6 x C3HF 

strain), were exposed by inhalation to 0, 2.0, 5.6, or 14.3 ppm of formaldehyde gas for 6 hours per 

day, 5 days per week, for 24 months. Squamous cell carcinomas were observed in the nasal cavi-

ties of 103 rats (52 females and 51 males) and 2 male mice exposed to 14.3 ppm and in 2 rats (one 

male and one female) exposed to 5.6 ppm of formaldehyde gas. The incidence of nasal carcinomas 

in rats showed a dose-response relationship. 

 

Although the two squamous carcinomas in mice at 14 ppm were not considered by the investi-

gators to be statistically significant in comparison with the incidence in control mice in the study, 

the finding is considerd by EPA to suggest that the effect is formaldehyde exposure-related be-

cause the natural background rate for such nasal cancers is very low in this strain of mice. The 

difference in susceptibility of rats and mice may be due, in part, to a greater reduction in respira-

tory minute volume (reduced volumetric breathing rate) in mice than in rats during exposure to an 

irritating agent. In addition to the squamous cell carcinomas, small numbers of benign tumors 

characterized by pathology examination as polypoid adenomas were observed in the rats at each 

dose level. These benign tumors did not exhibit a dose-response relationship. However, because 

this type of benign nasal tumor is rare it is likely related to formaldehyde exposure. EPA considers 

the benign tumors observed in the CIIT rat study to be an indication of significant pathology at low 

doses. . . .   

 

[The notice then discusses other studies that EPA believes support the results of the CIIT study 

(discussion omitted).]  

 

Other studies, such as Dalbey (Ref. 4); and Rusch et al. (Ref. 5) have not shown a significant 

carcinogenic response to formaldehyde in the hamster. However, these studies suffer from certain 

weaknesses such as inadequate pathology (only two microscopic sections of the nose were ex-

amined in the Dalbey study) and short duration (six months for the Rusch study), which makes it 

difficult to rely upon the negative results as being reliable for the endpoint in question. 

 

EPA concludes that there is credible evidence to show that formaldehyde is carcinogenic in rats, 

and that there is suggestive evidence in mice. 

 

4. Epidemiology. The body of epidemiologic data cannot be used to support the hypothesis that 
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formaldehyde is not a human carcinogen and, thus, cannot be used to negate the animal data. 

Although several studies show significant increases in leukemia and brain cancer among indi-

viduals potentially exposed to formaldehyde, the data do not demonstrate that formaldehyde ex-

posure is a cause of human cancer. EPA's evaluation of the epidemiology is summarized in this 

section and explained in greater detail in the administrative record for this proceeding. 

 

a. EPA's analysis. Formaldehyde has been and is the subject of many epidemiologic studies. 

Fourteen major studies and several minor studies were reviewed by EPA. To reach a decision 

regarding whether a particular study showed any association with specific cancers, EPA evaluated 

the conclusions reached by the investigators and the power of the study to detect specific cancer 

outcomes. The power of a study is its ability to detect true association of the exposure and disease. 

If a study is likely to conclude that the exposure to a particular chemical is not associated with a 

disease, when in fact an association exists, the study has a low power to detect that association. The 

ability of a well-conducted study to detect an increased risk depends upon such factors as sample 

size, years of follow-up, magnitude of the increased risk, background incidence of the disease 

among the population, desired statistical significance of the conclusion, and the type of statistical 

analyses used by the study investigators. 

 

The completed epidemiologic studies of these populations have reported excess cancer risks 

among textile workers, garment workers, brickmasons, shoemakers, leather workers, film pro-

cessors, paint-lacquer-glue workers, chemical workers, and certain medically related profes-

sions—pathologists, morticians, embalmers, and anatomists. 

 

Although the studies considered by EPA are of cohort or case-control design—designs essential 

for inferring causality from epidemiologic studies—inferences regarding specific chemicals 

cannot be drawn at this time. A major limitation of the studies is their inability to separate the 

contributions of formaldehyde from the contributions of other occupational exposures. Other 

limitations include small sample sizes and inadequate control for confounding variables such as 

smoking in the analyses. Last, a working population is generally healthier than the total population 

and will tend to show lower mortality when compared to the general population. 

 

One outcome of the limitations has been low power in each study to detect small relative risks for 

the rarer forms of cancer. For specific cancers, the completed epidemiologic studies do not have 

sufficient power to detect, at the formaldehyde levels to which the medically related professions 

may be exposed, increased risks of 100 percent or less (these risks were calculated from the co-

efficients obtained from the 3-stage mutlistage model using the animal data). 

 

While the individual studies lack adequate power to detect specific cancer outcomes, acceptable 

statistical methods may be employed in order to obtain a general perspective on the total evidence 

available and to increase power. . . . EPA combined the results of several studies according to 

Fisher's method for combining probabilities. As a result of their analyses the [EPA] concluded that 

the medically related professions have a significantly increased mortality from leukemia and brain 

cancer. . . .  
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These analyses by EPA . . . ., however, do not causally link formaldehyde exposure with cancer. 

Formaldehyde exposure is a major exposure among the medically related professions, but expo-

sures to dyes, solvents and other organic chemicals as well as pathogenic organisms also occur. 

Indications that formaldehyde may not be the causal agent comes from epidemiologic studies of 

other occupational groups who may be exposed to similar agents, these studies also report excesses 

in leukemia and brain cancer. 

 

In summary the epidemiologic studies of the medically related professions are *21876 not ade-

quate to identify formaldehyde as the cause of the leukemia and brain cancer mortality. As the 

Epidemiology Panel stated: “Aside from formaldehyde and human tissue, however, it is unclear 

what other important occupational exposures these professional groups shared.” . . .  

 

7. Structure-activity relationships. Formaldehyde is structurally similar to other aldehydes such as 

acetaldehyde, acroleinaldehyde, malondialdehyde and glycidaldehyde. These aldehydes have 

been shown to have oncogenic effects. For instance acetaldehyde has produced tumors of the nose 

and larynx in hamsters by inhalation and glycidaldehyde has produced skin tumors in mice in skin 

painting tests. The conclusion that formaldehyde is carcinogenic is consistent with this association 

between structure and effects. 

 

8. Comments about human risk. Commenters have suggested several reasons for EPA to find that 

formaldehyde does not present a cancer risk to humans at present exposures. . . .  

 

a. Threshold—in general. EPA's Cancer Policy [i.e, the EPA’s internal guidelines for conducting 

health risk assessments of suspected carcinogens] explains that the evidence for a no-threshold 

concept of cancer induction emerged in the debate over the health effects of radioactive fallout 

from atomic weapons in the 1950's. This concept supports the idea that any exposure, however 

small, will confer some risk of cancer on the exposed population. The Cancer Policy further states 

that evidence has accumulated that the no-threshold concept can also be applied to chemical car-

cinogens (41 FR 21401). 

 

Accordingly, EPA as a matter of policy generally assumes that there is no threshold to cancer 

induction unless there is clear evidence for a threshold in the case of a particular chemical. In the 

case of formaldehyde, EPA has reviewed the available data, including information submitted by 

commenters, and has concluded that the available evidence does not demonstrate a threshold for 

formaldehyde carcinogenesis. . . .   

 

 

c. Threshold—observations from data. Commenters have argued that the absence of malignant 

tumors at low doses in the available studies indicates a “no-effect level”, or threshold, for for-

maldehyde carcinogenicity. Commenters specifically cite the CIIT study, which showed no ma-

lignancies at the lowest dose, and a study by Rusch, et al (Ref. 5). According to the commenters, 

the Rusch study showed “no adverse effects whatsoever on rats, monkeys, and hamsters exposed 
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to 0.2 ppm, or even to 1.0 ppm of formaldehyde, 22 hours a day, seven days a week, over a period 

of six months * * *. The CIIT and Bio/dynamics (Rusch study) results thus indicate a practical 

threshold below which there is no effect even in the rat.” 

 

EPA disagrees with the conclusion expressed in these comments. 

 

With respect to the CIIT study, it is not uncommon to see marginal or no response at the lower 

doses employed in a chemical bioassay. This does not mean that no effect would occur at that dose, 

only that studies are necessarily limited in the response that can be detected at low doses (there 

were groups of approximately 120 male and female rats for each dose level). 

 

With respect to the Rusch study (Ref. 5), a number of factors prevent it from being used to support 

a threshold hypothesis. The study contained small test populations (groups of 6 monkeys, 40 rats, 

and 20 hamsters) and was of short duration (6 months). Although the total exposure time was 

approximately 5 times longer per week than in the CIIT study and the rats at 1 ppm in the Rusch 

study received 2.5 times the cumulative dose received by rats at 2.0 ppm in the 2-year CIIT study, 

the animals were sacrificed after 6 months and a carcinogenic response would not be likely to be 

observed in such a short duration. In addition, the small study populations also decreased the 

sensitivity of the study. . . .  

 

f. Species sensitivity. Another factor cited by commenters as possibly influencing potential human 

risk is species sensitivity. It was suggested that rats may be especially sensitive to formaldehyde 

and, thus, data from only rat studies should not be used to predict the human carcinogenic response 

to formaldehyde. They suggested that rats may be overly sensitive to formaldehyde and that there 

is little reason to believe that humans would be as sensitive as rats given the fact that other 

mammalian species, mice and hamsters, appear to be much less sensitive. 

 

EPA acknowledges that different species used to test chemicals for predicting human risk possess 

different sensitivities and may show a wide divergence of response. However, in the absence of 

extensive supporting data, there is no way to predict whether a particular species will be more or 

less sensitive than humans to a tested chemical. 

 

Consequently, as a matter of policy EPA chooses to use the most sensitive species to predict 

human risk. Even though studies on the hamster show no observed tumors, the studies do not 

negate the rat data and there are no data to show that the hamster's response to formaldehyde ex-

posure is more representative of the human respones than is the rat's. 

 

In the case of formaldehyde, moreover, existing data support the use of rats to predict human risk. 

The study by Rusch, et al. (Ref. 5) concluded that, “In this study, considering squamous metaplasia 

as the most significant observation, both the rat and monkey showed a similar response to the 

formaldehyde exposure.”Assuming that the monkey is the species likely to be most similar to 

humans in its response to formaldehyde, this indicates that humans and rats should react to for-

maldehyde in a similar manner. EPA's position is supported by the Risk Assessment Panel of the 
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Workshop, which stated: 

 

There are, however, no indications that the response by humans would be different than that ex-

hibited by rats, mainly due to the lack of experimental data pertaining to this issue. Qualitatively, 

the metabolic pathways of formaldehyde in rats and humans are similar. The sites of greatest 

exposure may differ, since rats are obliged to breathe solely through the nose and humans may also 

breathe orally. Again, no information exists demonstrating that the response would be quantita-

tively different as a result of differences in distribution of the inhaled dose. 

 

In addition, there is suggestive evidence that mice may actually be as sensitive as rats. This further 

supports the potential of human risk from formaldehyde. Because mice tend to reduce their 

breathing rate in the presence of an irritant gas such as formaldehyde, mice exposed to 14.3 ppm in 

the CIIT study may have received a dose approximately equivalent to the dose rats received at 5.6 

ppm. There were two squamous carcinomas in rats at 5.6 ppm and two squamous carcinomas in 

mice at 14.4 ppm. . . . . 

 

B. Exposure 

 

[EPA estimated human exposure to formaldehyde based on a study integrating existing monitoring 

data, engineering or modeling estimates, use data, population estimates, and assessment of the 

likelihood of exposure from formaldehyde-related activities into an exposure assessment detailing 

those activities having a high formaldehyde exposure potential.]   

 

C. Significant Risk of Serious or Widespread Harm 

 

In Units V.A and V.B, EPA has explained its view of the evidence on the toxicity of formaldehyde 

and the available exposure information. These are the elements necessary to make the decision 

whether section 4(f) applies. 

 

A chemical may not be subject to section 4(f), however, until EPA decides that it may present a 

“significant risk of serious or widespread harm.”  Thus, the mere determination that a chemical is a 

potential carcinogen in humans and that substantial numbers of persons may be exposed to it, does 

not trigger section 4(f). Rather, section 4(f) is triggered only after EPA determines the magnitude 

of the risk based upon consideration of the estimated individual risks and the number of persons 

exposed to those risks at given levels over given periods of time. These analyses are explained 

below. 

 

1. Calculation of risk. The determination of individual risk can be made through the use of epi-

demiologic or animal studies. Epidemiologic data will show human effects at dose levels generally 

experienced by humans. Epidemiologic studies suitable for risk extrapolations are rarely available, 

however, and are not available in the case of formaldehyde. Thus human cancer risk from for-

maldehyde must be estimated through use of animal studies. This necessitates extrapolation from 

high to low doses because, typically, test animals are exposed to concentrations much higher than 



49 FR 21870-01, 1984 WL 137311 (F.R.) Page 8 

© 2010 Thomson Reuters. No Claim to Orig. US Gov. Works. 

those expected to be experienced by humans. These extrapolations are carried out by fitting 

mathematical models to the observed animal data. 

 

a. Dosage data used in models. Of the animal studies showing a statistically significant increase in 

malignancies (Refs. 1 and 3), the CIIT rat study was selected for the application of models because 

it was a well conducted multi-dose study that showed a dose-response relationship suitable for 

extrapolating to human risk at expected human doses. 

 

. . . . The Quantitative Risk Assessment support document contains results of applying several 

models. The results of two models . . . are presented because they represent two basic kinds of 

models that are commonly used and rest on well-established principles (see support document). 

Also, in this case, these were the two models which were most conservative—they are unlikely to 

underestimate risks. This conservative approach is appropriate in estimating risk for section 4(f) 

decision. The table presents both the extrapolated estimates of risk and the associated figures for 

the upper 95 percent confidence limit. . . . . The upper 95 percent confidence limit of the multistage 

model is called the “linearized” multistage model. EPA has placed primary reliance on this “lin-

earized” multistage in this decision and in a previous section 4(f) decisions because it is not only 

based on a sound representation of the current understanding of the mechanism of carcinogenesis, 

but it is also protective of public health. . . .  

 

 

*21891 2. EPA's section 4(f) determination. [Applying the mathematical models to estimate the 

risks associated with exposure to formaldehyde, EPA then concluded that the risks to conventional 

and mobile home residents and apparel workers were significant risks of widespread harm, and 

thus should receive priority attention.] 

 


