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Abstract— This study emphasizes on carcinogenic results of 

formaldehyde production which is also released as a by-

product of combustion, off-gassing of various building 

products, and as a fixative for pathologists and embalmers. 

As much importance is not given that formaldehyde is also 

produced as a normal physiologic chemical in all living cells. 

Firstly, carcinogenic effect of the formaldehyde was observed 

in rats in 1980 when it was inhaled in excess quantity. Some 

epidemiologic studies have also found increased numbers of 

nasopharyngeal carcinoma and leukaemia in humans exposed 

to formaldehyde that resulted in formaldehyde being 

considered a Known Human Carcinogen. This study reviews 

the data for human carcinogenicity, early Mode of Action of 

formaldehyde, recent molecular studies related to 

carcinogenicity. This would improve our understanding 

ability of risk assessment of formaldehyde and measures to 

control it. To deal with complexity of carcinogenicity, new 

ways of thinking be incorporated into determinations of 

cancer risk assessment for formaldehyde and further 

measures to control it.  
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I. INTRODUCTION 

Formaldehyde is a widely used chemical, with global 

production of over 20 million tons per year (International 

Agency for Research on Cancer, 2012). It is utilized in 

industrial and consumer products and is also produced as a by 

product of fires, cigarette smoke and automotive exhaust. 

Furthermore, it is released from products used in building 

materials such as particle board and carpet. It has long been 

used as a fixation product for pathology specimens and in 

embalming. However, what is often not realized is that 

formaldehyde is also one of the oldest chemicals in the world. 

Life started with one carbon chemistry and formaldehyde was 

one of the earliest chemicals formed and utilized in cells. 

There are numerous sources of endogenous formaldehyde, 

including the one carbon pool, amino acid metabolism, 

methanol metabolism, lipid peroxidation, and p450 

dependent demethylation (O-, N-and S-methyl). 

In 1980, formaldehyde was shown to be a 

carcinogen of the nasal passages of rats exposed by inhalation 

(Swenberg et al., 1980). This finding was followed by an 

intense effort to understand the Mode of Action (MOA). 

More than thirty years of research has focused on 

confirmation of its carcinogenicity, MOA studies and vastly 

expanded epidemiologic studies. This paper will briefly cover 

salient features of these comprehensive studies to place the 

carcinogenicity and risks of formaldehyde in perspective. 

Formaldehyde Toxicity: Formaldehyde is a highly 

toxic systemic poison that is absorbed well by inhalation. The 

vapour is a severe respiratory tract and skin irritant and may 

cause dizziness or suffocation. Contact with formaldehyde 

solution may cause severe burns to the eyes and skin. 

II. CARCINOGENIC STUDIES 

Mission of the newly formed Chemical Industry Institute of 

Toxicology (CIIT) was to conduct state-of-the-art toxicity 

and carcinogenicity bioassays on commodity chemicals. In 

1978, a 2-year carcinogenicity study in F344 rats and 

B6C3F1 mice exposed by inhalation to 0, 2, 5.6 or 14.3 ppm 

formaldehyde was initiated at Battelle, Columbus. The 12-

month interim report noted that two rats in the high exposure 

group had squamous cell carcinomas of the nasal passages. In 

the 13th month of the study, a third squamous cell carcinoma 

was diagnosed in a rat from the same treatment group. This 

was alarming, as nasal squamous cell carcinomas are very 

rare neoplasms in rats. The FDA, CPSC, EPA and CIIT 

sponsors were simultaneously alerted to a strong concern that 

formaldehyde was likely to be carcinogenic. The first report 

on formaldehyde's carcinogenicity in the peer-reviewed 

literature appeared in September, 1980 (Swenberg et al., 

1980). At 18 months into the study, 36 rats exposed to 14.3 

ppm formaldehyde had developed squamous cell carcinomas, 

but no nasal cancers were present in rats exposed to 2 or 5.6 

ppm, or in mice exposed to 2, 5.6 or 14.3 ppm formaldehyde. 

This report was followed by a comprehensive publication of 

the Battelle study by William Kerns, the study pathologist 

(Kerns et al., 1983). The exposures for this study were 

conducted for up to 24 months (6 hrs/day, 5 days/week) for 

male and female rats and mice. Additional animals were held 

up to 6 months post exposure to follow progression and/or 

regression of lesions. Significant formaldehyde-induced 

lesions were confined to the nasal tissues and proximal 

trachea. The distribution and severity of the pathology were 

concentration-dependent. Rhinitis, squamous metaplasia and 

epithelial dysplasia were diagnosed in all formaldehyde-

exposed groups of rats and in the 5.6 and 14.3 ppm groups of 

mice. With increasing post-exposure time, these non-

malignant lesions regressed. In total, 103 rats and 2 mice 

exposed to 14.3 ppm formaldehyde developed squamous cell 

carcinomas of the nose, as did two rats exposed to 5.6 ppm. 

The initial carcinogenicity study was followed by a 

second inhalation study with F344 rats that incorporated two 

additional formaldehyde exposure concentrations, 0.7 and 10 

ppm, as well as the original 0, 2, 6 and 15 ppm exposures 

(Monticello et al., 1990; Monticello et al., 1996). This study 

contained detailed evaluations of cell proliferation at 6, 12, 

and 18 months of exposure. Figure 1 illustrates the exposure-

response relationships for squamous cell carcinoma in the 

Kerns' and Monticello studies, as well as the exposure and 

time relationships for cell proliferation. It clearly 

demonstrates the persistent and strong concentration-

dependent increases in cell proliferation that are key events 

in the Mode of Action (MOA) for formaldehyde 

carcinogenesis. 

Epidemiology of Formaldehyde and Cancer: The 

epidemiology of formaldehyde-induced cancer has been 

studied extensively. The literature was reviewed by IARC in 
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2004 (International Agency for Research on Cancer, 2006) 

and formaldehyde 

 
Was classified as a Human Carcinogen, based on an 

increase in nasopharyngeal cancer (NPC) in the National 

Cancer Institute (NCI) cohort of >25,000 formaldehyde 

workers in 10 plants (Hauptmann et al., 2004). NPC was 

significantly elevated in one of the 10 plants, with 6/10 NPC 

being diagnosed in the Wallingford, CT plant workers, while 

workers at the other 9 plants had a 35% deficit in NPC. The 

other two largest cohort studies did not find increases in NPC 

cancer (Coggon et al., 2003; Pinkerton et al., 2004). Marsh et 

al., conducted an independent study of the Wallingford, CT 

plant workers and confirmed the increase in NPC (Marsh et 

al., 2007). However, they also showed that there was little 

evidence of a dose dependent relationship between NPC and 

formaldehyde exposure, and that 5/6 workers had a work 

history of silver smithing, brass plating and metal work, 

which involves acid mists and has been associated with 

human NPC (Marsh et al., 2007). Thus, confounding by 

exposure to other chemicals could not be excluded as the 

cause of elevated NPC in the Wallingford, CT plant. Four 

recent reviews/meta analyses concluded that there was little 

support for formaldehyde causing NPC (Bachand et al., 2010; 

Bosetti et al., 2008; Collins et al., 1997; Duhayon et al., 

2008). In contrast, IARC reiterated its conclusion that 

“Formaldehyde causes cancer of the nasopharynx” in 2012. 

Clearly, there is biologic plausibility for formaldehyde 

causing NPC, as it is the initial site of contact for inhalation 

exposures. However, the overall data for human exposures 

appear to be limited at best. 

Early Mode F Action Studies: Careful physical 

chemistry-based studies of formaldehyde-induced DNA-

protein cross-links were conducted by Heck and Casanova 

(Casanova-Schmitz et al., 1984; Heck et al., 1990). These 

demonstrated a nonlinear relationship between cross-links 

and airborne formaldehyde concentration, with 

disproportionately greater amounts of DNA-protein cross-

links (DPC) per ppm formaldehyde at exposures of 6 ppm and 

greater, reflecting saturation of the glutathione detoxication 

pathways. This is illustrated in Figure 2. They also found no 

evidence for accumulation of DPC in multiple day exposures 

(Casanova et al., 1994). However, the methods could not 

distinguish between loss, repair and protease degradation of 

the cross-links to small peptides. Furthermore, while the 

methods could distinguish DPC arising from inhaled 

formaldehyde when radiolabelled formaldehyde was used, 

the methods could not quantify DPC arising from 

endogenously formed formaldehyde. 

Effects of inhaled Formaldehyde: When 

formaldehyde is present in the air.    at levels exceeding 0.1 

ppm (as  in  National Cancer  Institute  Paper  June  10,  2011)   

some   individuals   may    experience adverse effects  such as   

watery eyes;  burning sensations in the eyes,  nose,   and   

throat; coughing; wheezing;  nausea;  and  skin irritation.  

Formaldehyde is toxic   over a range of doses; chances of 

exposure and subsequent harmful effects are increased as 

(room) temperature increases, because of FA's volatility. The 

inhalation of formaldehyde gas in even small quantities is 

followed by bronchitis and pneumonia. Pneumonia is due to 

the inhalation of the gas. Formaldehyde when dissolved with 

water forms formalin which is capable of producing death 

suddenly when swallowed. 

III. CANCER RISK ASSESSMENT OF FORMALDEHYDE 

The  demonstration  that  formaldehyde  is  an  animal 

carcinogen that induced a  very  high incidence of nasal 

cancer in rats provoked widespread concerns regarding   

potential  human   health  effects  resulting  from  

formaldehyde  exposure.   Quantitative risk assessment 

methods were still being developed, with emphasis on 

linearized multistage models that utilized high administered 

dose cancer incidence data collected in laboratory animal 

bioassays (Cohn, 1981; US Consumer Product Safety 

Commission, 1982). These early risk assessments did not 

utilize any data from the early mode of action studies 

discussed above.  Starr  and  Gibson pointed out that  such  

assessments   needed  to  take  into   account   the   differences   

between  administered dose  and  delivered  dose,  as   this   

distinction   could   make  enormous  differences  in  estimated 

risks  (Starr  and  Gibson,  1985).  In spite of this, most 

quantitative risk assessments,   even   to   the present day, 

continue to use administered doses with the linearized 

multistage approach to low dose human cancer risk 

assessment. Using such approaches is, in essence, equivalent 

to stating that none of the mode of action data inform our 

understanding of the potential low-dose risks for cancer 

associated with formaldehyde. Ironically, just using the 

delivered dose formaldehyde data developed Data regarding 

the molecular dose of formaldehyde reaching various tissues 

has recently been employed in a new “bottom-up” risk 

assessment approach that places useful upper bounds on low-

dose cancer risks that do not depend upon high dose data for 

humans or animals. Thus, this novel approach provides an 

independent “reality check” on low dose risk estimates that 

are derived with models fit to high dose cancer data (Starr and 

Swenberg, 2012). This approach 1) is consistent with the 

“additivity to background” concept, 2) yields central and 

upper-bound risk estimates that are linear at all doses, and 3) 

only requires information regarding background risk and 

background exposures to be implemented. Using the 

molecular data for endogenous and exogenous DNA adducts 

from the primate study of Moeller et al., (Moeller et al.,2011) 

and the detection limit of 20 × 10-18 mol of N2-hydroxy-

methyl-dG, central and lower 95% confidence bound 

estimates of steady-state exogenous adducts expected to arise 
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in nasal mucosa and bone marrow from continuous 24 

hrs/day, 7 days/week exposure to 2 ppm formaldehyde were 

developed. Background human risk estimates for 

nasopharyngeal cancer and leukaemia were taken from the 

2010 EPA draft,(US Environmental Protection Agency, 

2010)and SEER Cancer Statistics Review, 1975-

2007(Altekruse et al., 2010), respectively. The upper bound 

estimate of NPC risk obtained with the “bottom-up” approach 

was nearly 29-fold lower than EPA's plausible upper bound 

estimate derived from high dose epidemiology data. For the 

risk of leukaemia, the “bottom-up” upper bound risk estimate 

was more than 14,000-fold lower than EPA's corresponding 

estimate, again as it was derived from high dose 

epidemiology data. These results strongly support a 

conclusion that the much larger risk estimates derived by the 

EPA (US Environmental Protection Agency, 2010), are 

overly conservative. It is thus imperative that high quality 

mode of action data be brought into the risk assessment 

process and that the traditional risk assessment assumptions 

that lack such strong scientific bases are tested rigorously. 

And the early 1980s lowered the multistage maximum 

likelihood risk estimates by a factor of 53. 

IV. CONCLUSION 

Five carcinogenicity bioassays have provided consistent 

evidence that formaldehyde is carcinogenic in rats exposed 

via inhalation (Kerns et al., 1983; Sellakumar etal., 1985; 

Tobe et al., 1985; Monticello et al., 1996; Kamataet al., 

1997). The incidence of nasal tumours was not significantly 

increased in mice exposed to formaldehyde by inhalation 

(Kerns et al., 1983). This has been attributed, at least in part, 

to the greater reduction in minute volume in mice than in rats 

exposed to formaldehyde (Chang et al.,1981; Barrow et al., 

1983), resulting in lower exposures in mice than in rats 

(Barrow et al., 1983).However, it does not have severe impact 

on human body when not exceed 0.1 ppm. 
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