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Recommendation from the Scientific Committee on 

Occupational Exposure Limits for Formaldehyde 

 

8-hour TWA: 0.3 ppm (0.369 mg/m3) 

STEL: 0.6 ppm (0.738 mg/m3) 

BLV: -  

 

Additional 
categorisation: 

 

SCOEL carcinogen group C  
(genotoxic carcinogen with a mode-of action 
based threshold) 

Notation: Sensitisation (Dermal) 

 

The present Recommendation was adopted by SCOEL on 30 June 2016. 

This evaluation is based on a previous evaluation by SCOEL (SCOEL/SUM/125; March 
2008), the data compilations in the CLH report (ECHA, 2011), the reviews of Nielsen and 
Wolkoff (2010), Wolkoff and Nielsen (2010), IARC (2012), Checkoway et al. (2012), 
Nielsen et al. (2013), Bolt and Morfeld (2013), DFG (2014), the conclusions of the Risk 
Assessment Committee (RAC, ECHA, 2012) of the European Chemicals Agency (ECHA) 
and a further literature search in 2015. 

In the present Recommendation, “FA” is used as an abbreviation for formaldehyde 

throughout. 
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Recommendation Executive Summary 

 

When reviewing the scientific data available for formaldehyde (FA), SCOEL recognised 

that FA is a very well investigated substance, for which a high number of reliable high-

quality studies relevant for the occupational situation are available. This includes a 

variety of epidemiological studies on exposed workers, studies on human volunteers for 

sensory irritation and a broad database on experimental animal studies.  

SCOEL has assessed all available information. FA has a potential to cause adverse health 

effects and is therefore a hazardous chemical agent. FA also is a genotoxic carcinogen, 

for which a mode-of-action based limit value can be derived. For FA the available 

information is adequate for deriving a health-based OEL (8-hour TWA and STEL).  

Analytical measurement systems exist to determine the recommended levels of 

formaldehyde with an appropriate level of precision and accuracy. 

Due to the high water solubility and the high reactivity of FA, it shows intrinsic hazardous 

properties predominantly with respect to local effects. In addition, directly induced 

systemic effects of inhalation at concentrations relevant for the workplace are considered 

unlikely. The following key effects were considered as being relevant for the protection of 

workers and in particular the OEL derivation:  

(a) the potential of the substance to produce respiratory irritation and 

chemosensory effects, both in humans and animals, and 

(b) the local carcinogenicity in studies with experimental animals exposed by 

inhalation.  

Ad (a): Sensory irritation has been investigated in experimental animals, in exposed 

workers, and most importantly also under controlled exposures in volunteers.  

Ad (b): Tumour induction of the upper respiratory tract has been studied in experimental 

animals including mechanistic investigations on events that will trigger carcinogenesis, 

like DNA-protein crosslinks (DPX), DNA-adducts and sustained cytotoxicity leading to cell 

proliferation. In addition, several high quality epidemiological studies are available on 

exposed workers. A review by RAC (ECHA 2012) concluded that these data would not 

provide sufficient evidence to classify FA as a human carcinogen but a classification as 

Cat. 1B carcinogen (H350 “May cause cancer”; based on CLP criteria) would be 

appropriate. 

Mechanistic studies have provided strong evidence that tumour induction in the nasal 

mucosa of rats and mice is the result of chronic proliferative processes caused by the 

cytotoxic effects of the substance in combination with DNA alterations by endogenous 

and exogenous FA. The dose-response relationships for all parameters investigated, such 

as damage to the nasal epithelium, cell proliferation, tumour incidence, the formation of 

DPX and DNA-adducts, is very flat for low level exposures and becomes much steeper at 

higher concentrations. For these endpoints no-effect concentrations were demonstrated 

with the exception of the formation of DPX and DNA-adducts. However, at the lowest 

concentrations investigated so far (0.7 ppm), adducts caused by the endogenous, 

physiological FA by far exceeded the amounts caused by exogenous FA. The background 

incidence of nasal tumours in rodents and of nasopharyngeal tumours in humans is very 

low in spite of the appreciable amount of endogenous DNA adducts. One of the reasons 

may be the low physiological proliferation rate of the respiratory epithelium, and as long 

as this is not increased (which requires exposure to concentrations of more than 2 ppm), 

the probability of tumour formation also is low. At prolonged exposure at 2 ppm in rats, 

the half-life of the most sensitive biomarker of DNA-adducts, N2-hydroxymenthy-dG, was 

7 days. At 2 days of exposure in monkeys, the biomarker was estimated to be by a factor 

of 5-11 lower for the exogenous adduct than that of the endogenous adduct in the nasal 
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epithelium. Comparing short term exposures, the relationship of exogenous/endogenous 

DNA–adducts was by a factor of about 5-fold lower for monkeys than for rats, suggesting 

monkeys being a less sensitive species than rats. Taking into consideration the strong 

non-linearity of the dose response curve after a single exposure at lower exposure 

concentrations, the ratio between exogenous/endogenous adducts will at low exposures 

be dominated by the endogenous adducts, but the ration will increase disproportionately 

with increasing FA concentrations. Also in the low dose range, cell proliferation is not 

increased. It has therefore been considered that the genotoxicity of FA plays no or at 

most a minor role in a potential carcinogenic effect at this exposure-range.  

Therefore SCOEL considers FA as a group C carcinogen (genotoxic carcinogens for which 

a limit value derived from mode-of-action based threshold is supported) (SCOEL, 2008).  

Experimental studies support that the local carcinogenesis at the portal-of-entry is 

pivotal. In the sensitive rat species, the apparent LOAEC was 6 ppm, and the apparent 

NOAEC was 2 ppm for nasal cancer. Experimentally, the histopathological NOAEC for 

nasal effects of FA in rats and monkeys is 1 ppm and the NOAEC for regenerative cell 

replication 2 ppm. At these NOAECs, the FA-DNA adducts were less in monkeys than in 

rats as was the relationship of exogenous/endogenous DNA adducts, which is in line with 

the assumption that humans should be a less sensitive species. The new studies confirm 

that local FA-DNA adducts show a highly non-linear relationship with external FA 

exposures. At ≤ 2 ppm FA, the FA DNA-adducts induced by external exposures comprise 

a minor portion of the total FA-DNA adducts, which were driven mainly by internal 

(naturally generated) FA. This is supported by considerations on toxicokinetics, 

concluding that the intracellular FA concentration increases only slightly, and the 

intracellular glutathione concentration decreases only slightly in this range and that the 

homeostasis within the epithelial cells would not be affected. Therefore, the apparent 

NOAEC of 1 ppm can be considered a mode-of-action based NOAEC for carcinogenic 

effects at the portal-of-entry. 

Ad (a): Preventing histopathological effects, like irritation, inflammation and regenerative 

cell replication caused by cytotoxic irritation, will also prevent nasal cancer as at such low 

exposure concentrations (< 1 ppm) the total intracellular FA concentration is dominated 

by the internal (natural) FA. This experimentally derived paradigm, namely the avoidance 

of cell proliferation in the upper respiratory tract being critical to prevent local 

carcinogenicity, also holds valid for humans. Ideally the lower sensitivity against 

cytotoxic irritation of humans as compared to rats should be taken into consideration. 

While cytotoxic irritation cannot be investigated in humans, mainly for ethical reasons, 

there is a broad database available for sensory irritation from volunteer studies under 

controlled exposure conditions. By derivation of limit values for sensory irritation of eye 

and upper respiratory tract in humans also the critical effects of irritation-induced local 

cell proliferation and subsequent possible carcinogenesis shall be covered (Brüning et al 

2014).  

In this respect, numerous studies, comprising in total more than 400 volunteers, have 

addressed human sensory irritation effects of FA.  The Paustenbach et al (1997) review 

[and two similar reviews of Bender (2002) and Arts et al. (2006)], concluded that 

sensory irritation would seldom be observed at 0.5 ppm FA and extrapolated these 

results to suggest that a limit of 0.3 ppm would prevent sensory irritation in nearly all 

occupational exposed individuals. Two recent chamber studies (Lang et al. 2008; Mueller 

at al. 2013) found no pure sensory irritation, as measured by objective parameters, in 

the concentration range from 0.5 to 0.7 ppm at a constant exposure to FA during a 4-

hour period. Both studies applied slightly different concentration regimes. Exposures with 

4 superimposed peaks being most relevant for derivation of an OEL with STEL were 0.3 

ppm + peaks of 0.6 ppm and 0.5 ppm + peaks of 1 ppm in the Lang study, and in that of 

Mueller 0.3 ppm + peaks of 0.6 ppm and 0.4 ppm + peaks of 0.8 ppm. Objective signs of 

irritation were only observed at 0.5 ppm + peaks of 1 ppm. Because 0.3 ppm + peaks of 

0.6 ppm was a consistent NOAEC in both of these investigations this exposure regime is 

taken forward for derivation of the OEL, TWA with STEL. The recent study (Mueller et al. 
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2013) was conducted with hypo- and hyper-sensitive individuals, who showed no 

difference in sensory irritation sensitivity to FA, but the hypersensitive individuals 

reported significantly higher effects for olfactory induced symptoms as ”perception of 

impure air”.  

Based on these experimental studies in human volunteers SCOEL derives an OEL of 0.3 

ppm (8 h TWA) with a STEL of 0.6 ppm. As sensory irritation is a concentration rather 

than a cumulative dose-driven effect, a STEL value is appropriate. This OEL based on 

sensory irritation will also protect workers from undue annoyance and discomfort at the 

workplace. 

Ad (b): The OEL of 0.3 ppm derived from human volunteer studies is supported by data 

in experimental animals. The histopathological NOAEC for nasal effects of FA in rats and 

monkeys is 1 ppm and for regenerative cell proliferation in rats is 2 ppm. Preventing 

these effects will also prevent nasal cancer. As a strong support, toxicokinetic studies 

suggest that at an exposure level of 1 ppm the local intracellular concentration of 

formaldehyde is dominated by the internal (naturally produced) FA. Backed by this 

finding, SCOEL considers an uncertainty factor of 3 to be sufficiently protective. This 

supports the proposed OEL (8h-TWA) of 0.3 ppm. 

As a result of the predominantly local effects of FA, a “skin” notation is not required. FA 

is a well-known contact allergen to the skin (skin sensitizer). A notation 

sensitisation (Dermal) is therefore added. Against the background of a widespread use, 

respiratory sensitization has been reported only occasionally, and therefore the 

designation as respiratory sensitizer is not warranted.  

A biological limit value (BLV) or biological guidance value (BGV) is not proposed. 

For additional details, which were considered in the OEL derivation by SCOEL, see 

chapter 7.11. 
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RECOMMENDATION  

FROM THE  SCIENTIFIC COMMITTEE ON 
OCCUPATIONAL EXPOSURE LIMITS FOR  

FORMALDEHYDE 

 

 

Recommendation Report 

 

1. CHEMICAL AGENT IDENTIFICATION AND PHYSICO-CHEMICAL PROPERTIES 

 

Name: formaldehyde 

 

Synonyms: methanal, oxomethane, oxymethylene, methylene oxide, methyl aldehyde 

 

Molecular formula: CH2O 

 

Structural formula: 

 
 

EC No.:  200-001-8 

 

CAS No.: 

 

50-00-0 

 

Molecular weight:  30.03 g/mol 

 

Melting point: 

 

Boiling point: 

 

Conversion factor: 

 

-92°C 

 

-21°C 

 

1 ppm = 1.23 mg/m3 

 (20 C, 101.3kPa)  
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2. EU HARMONISED CLASSIFICATION AND LABELLING 

The most recent information about the status of the EU harmonised classification and 

labelling for formaldehyde was provided by ECHA (2012) and is summarized below in 

Table 1. 

Table 1: Classification of formaldehyde according to the CLP hazard classes and/or 

categories (Article 37(4) of the Regulation (EC) No 1272/2008), according to Directive 

67/548/EEC and to the GHS (ECHA, 2012) 

Substance name:  
Formaldehyde  
EC number:  
200-001-8  
CAS number:  

50-00-0  
Annex VI Index 
number:  
605-001-00-5  
Degree of purity:  
100% as gas  
Impurities:  

None as gas 

CLP DSD GHS 

Acute Tox. 3 – H331 T; R23/24/25 (SCL: T ≥ 
25%, 5%≤Xn<25%)  
 

 

Acute Tox. 3 – H311 Dgr 

Acute Tox. 3 – H301 GHS05 

Skin Corr. 1B; H314: C ≥ 25 %  
Skin Irrit. 2; H315: 5 % ≤ C < 25 %  
Eye Irrit. 2; H319: 5 % ≤ C < 25 %  

STOT SE 3; H335: C ≥ 5 %  

C; R34 (SCL: C 25%, 
5%≤Xi;  
R36/37/38<25%)  

 

 

 Skin Sens. 1; H317: C ≥ 0,2 % R43 (SCL of 0.2%)  
 

 

Muta 2 – H341  Muta cat. 3; R68  
 

GHS06 

Carc. 1B – H350  Carc. Cat. 2; R49 GHS08 

Notes B, D    

 

 

3. CHEMICAL AGENT AND SCOPE OF LEGISLATION 

Formaldehyde is a hazardous chemical agent in accordance with Article 2 (b) of 

Directive 98/24/EC and falls within the scope of this legislation.  

Formaldehyde is also a carcinogen or mutagen for humans in accordance with 

Article 2(a) and (b) of Directive 2004/37/EC and falls within the scope of this legislation.  
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4. EXISTING OCCUPATIONAL EXPOSURE LIMITS  

Occupational exposure limits for Formaldehyde exist in a number of countries, as shown 

in table 2 below.  

Table 2: Existing OELs for formaldehyde; adapted from the GESTIS database (GESTIS, 

2015). 

 

 TWA (8 hrs) STEL (15 min)  

 EU-countries  ppm mg/m

³ 

ppm mg/m³ References 

Austria 0.5 0.6 0.5 0.6 GKV (2011) 

Belgium     0.3 0.38 Belgium (2014) 

Denmark 0.3 0.4 0.3 0.4 BEK (2011) 

Finland 0.3 0.37  1  1.2  Finland (2012) 

France 0.5   1   INRS (2012) 

Germany  

(AGS) 

0.3 0.37 0.6  0.74  BAUA (2006) 

Germany (DFG) 0.3 0.37 0.6  0.74  DFG (2015) 

Hungary   0.6   0.6 Hungary (2000) 

Ireland 2 2.5 2  2.5  HSA (2011) 

Latvia   0.5     n.r. 

Norway 0.5 0.6 1 1.2 Norway (2011) 

Poland   0.5   1 Poland (2002) 

Spain     0.3 0.37 INSHT (2010) 

Sweden 0.3 0.37 0.6  0.74  SWEA (2011) 

The Netherlands   0.15   0.5 NED (2007) 

United Kingdom 2 2.5 2 2.5 HSE (2011) 

  

 

Non-EU-countries  

     

Australia 1 1.2 2 2.5 Safe Work Australia (2011) 

Canada  

(Ontario) 

    1   Ontario Ministry of Labour (2013) 

Canada  

(Québec) 

    2  3  IRSST(2010) 

China      0.5  n.r. 

Japan 0.1 0.12      JSOH (2015) 

 

New Zealand 

0.5    

 

 

1 

  

 

 

HS (2013) 
0.33* 

Singapore     0.3 0.37 n.r. 

South Korea 0.5 0.75 1 1.5 n.r. 

http://www.dguv.de/webcode/e786786
http://www.dguv.de/webcode/e786788
http://www.dguv.de/webcode/e786797
http://www.dguv.de/webcode/e786803
http://www.dguv.de/webcode/e786805
http://www.dguv.de/webcode/e786811
http://www.dguv.de/webcode/e786817
http://www.dguv.de/webcode/e786827
http://www.dguv.de/webcode/e786784
http://www.dguv.de/webcode/e786790
http://www.dguv.de/webcode/e786790
http://www.dguv.de/webcode/e786809
http://www.dguv.de/webcode/e786813
http://www.dguv.de/webcode/e786815
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Switzerland 0.3 0.37 0.6 0.74 SUVA (2015) 

USA (NIOSH) 0.016   0.1    NIOSH (2007) 

USA (OSHA) 

 

0.75   2   OSHA (2006) 

* 12 hour shift; n.r.: no specific reference 

 

 

5. OCCURRENCE, USE AND OCCUPATIONAL EXPOSURE 

5.1. Occurrence and use 

Formaldehyde is a ubiquitous compound in the environment (IARC, 2012). Being a 

simple, one-carbon molecule that is rapidly metabolised, it is endogenously produced, 

and is also formed through the metabolism of many xenobiotic agents.  It occurs in most 

life forms, including humans. It has been detected in indoor and outdoor air; in treated 

drinking water, bottled drinking water, surface water, and groundwater; on land and in 

the soil; and in numerous types of food (NTP, 2010). 

Formaldehyde is present in outdoor air as a result of its formation from the combustion 

of organic materials (e.g., in automobiles, forest fires, and power plants), its formation 

from the breakdown of hydrocarbons in the air, and releases from industrial facilities. 

According to (IARC, 2012), automobile exhaust is a major source of formaldehyde in 

ambient air. In indoor air, it is present as a result of off-gassing from formaldehyde-

containing materials such as wood products, carpets, fabrics, paint, and insulation, and it 

is formed from combustion sources such as wood stoves, gas stoves, kerosene heaters, 

open fireplaces, and furnaces, through cooking, and in cigarette smoke (NTP, 2010). 

Formaldehyde is a high-production-volume chemical with a wide array of uses. 

Predominantly it is used as a chemical intermediate. According to IARC (2012) 

formaldehyde is used mainly in the production of various types of resin. Phenolic, urea, 

and melamine resins have wide uses as adhesives and binders in the wood-production, 

pulp-and-paper, and the synthetic vitreous fibre industries, in the production of plastics 

and coatings, and in textile finishing. Polyacetal resins are widely used in the production 

of plastics. Formaldehyde is also used extensively as an intermediate in the manufacture 

of industrial chemicals, such as 1,4-butanediol, 4,4′-methylenediphenyl diisocyanate, 

penta-erythritol, and hexamethylenetetramine. Formaldehyde is used directly in aqueous 

solution (known as formalin) as a disinfectant and preservative in many applications. 

 
  

http://www.dguv.de/webcode/e786819
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5.2. Production and use information 

Formaldehyde has been produced commercially since 1889 by catalytic oxidation of 

methanol. Currently, the two predominant production processes are a silver catalyst 

process and a metal oxide catalyst process (Bizzari, 2007). According to IHS (2012) 

formaldehyde is usually produced close to the point of consumption since it is fairly easy 

to make, is costly to transport and can develop problems associated with stability during 

transport. As a result, world trade in formaldehyde is minimal. 

The European Union is the second largest producer of formaldehyde after Asia, producing 

over 3.6 million tonnes of formaldehyde each year which accounts for about 30% of 

global production (EU capacity in 2009). Annual sales of formaldehyde-based chemicals 

in the EU are roughly €9.5 billion a year, and 22 of the 27 EU Member States 

manufacture formaldehyde. Germany is the largest formaldehyde producer in the EU, 

followed by Italy, Spain, the Netherlands and the UK (SRI, 2009). 

According to IHS (2012) urea-, phenol- and melamine-formaldehyde resins (UF, PF and 

MF resins) accounted for about 63% of world demand in 2011; other large applications 

include polyacetal resins, pentaerythritol, methylene-bis(4-phenyl isocyanate) (MDI), 

1,4-butanediol and hexamethylenetetramine. China is the largest single market for 

formaldehyde, accounting for about 34% of world demand in 2011; other large markets 

include the United States, Canada, Brazil, Germany, the Netherlands, Spain, Italy, 

Belgium, Poland, Russia, Japan and the Republic of Korea. China is forecast to experience 

fast growth rates (around 7% per year) and significant volume increases in demand for 

37% formaldehyde during 2011–2016. World consumption is forecast to grow at an 

average annual rate of almost 5% during 2011–2016. Continuing significant-to-rapid 

demand growth in Asia (mainly China) for most applications will balance out moderate 

growth in North America, Western Europe, Africa and Oceania. Central and South 

America, the Middle East, and Central and Eastern Europe are forecast to experience 

significant growth in demand for formaldehyde during 2011–2016, largely as a result of 

increased production of wood panels, laminates, MDI and pentaerythritol (Tang 2009; 
IHS, 2012). 

5.3. Occupational Exposure 

Occupational exposure to formaldehyde occurs in a wide variety of occupations and 

industries. IARC (2012) refers to CAREX as an international information system on 

occupational exposure to known and suspected carcinogens based on data collected in 

the European Union (EU) from 1990 to 1993. The highest continuous exposures 

(2-5 ppm; 2.5–6.1 mg/m3) were measured in the past during varnishing of furniture and 

wooden floors, in the finishing of textiles, in the garment industry, in the treatment of 

fur, and in certain jobs within manufactured board mills and foundries. Short-term 

exposures to high levels (3 ppm and higher; ≥ 3.7 mg/m3) were reported earlier for 

embalmers, pathologists, and paper workers.  

For more detailed information, reference can be made to IARC (2012). 

5.4. Routes of Exposure and uptake 

Formaldehyde can be inhaled, ingested or absorbed through the skin. Inhalation is 

considered to be the main route of exposure of exogenous formaldehyde (Checkoway et 

al. 2012). Almost no data are available in the literature on dermal exposure (Sax and 

Bennett 2004). As critical effects associated with formaldehyde exposure are directly 

linked to the contact surface, the oral pathway may not be negligible. 

Estimates of daily formaldehyde intake by six age groups of the general population in 

Canada were carried out to determine the relative contributions from different media 

(Sexton and Adgate 2004). These calculations indicate that daily formaldehyde intake via 
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inhalation is much lower than for intake from food (WHO, 2010). According to JRC (2005) 

and considering exclusively inhalation, indoor exposure contributes up to 98% to the 

integrated exposure of the general population (considering time–activity patterns and 

daily inhalation volume). 

 

6. MONITORING EXPOSURE 

According to DECOS (2003) and NEG (2003) the most widely used methods for the 

determination of formaldehyde in air samples are based on photometric measurements. 

The sampling method depends on the medium in which formaldehyde is to be 

determined. WHO (1989) reported a number of different methods for determination of 

formaldehyde, using spectrophotometric, colourimetric, fluorometric, high performance 

liquid chromatographic (HPLC), polarographic, gas chromatographic, infrared, and visual 

analytical methods. A more recent review is provided by Salthammer (2010). 

Formaldehyde in air may be collected in an absorbing medium by diffusion (passive 

sampling). Aqueous or 50% 1-propanol solutions are also used for formaldehyde 

sampling. For active sampling, aqueous solutions and solutions containing sulfite, 

3-methyl-2-benzothiazolene hydrazine (MBTH), chromotropic acid or 

2,4-dinitrophenylhydrazine (DNPH) are generally used as the absorbing solution. For 

passive sampling sodium bisulphite, triethanolamine and DNPH are used and sorbents 

such as silica gel, aluminium oxide and activated carbon, sometimes specially treated, 

may be useful for taking samples at the workplace. Among the available methods, the 

DNPH method is frequently used for the simultaneous analysis of formaldehyde, other 

aldehydes, and ketones. It is described in U.S. EPA Method TO-11A (U.S. EPA, 1999). 

ASTM D5197 (ASTM, 2009) is accepted as an international standard by ISO (2011) and is 

recommended by the MAK Commission (Schmitz and Tschickardt, 2002) for monitoring 

occupational exposures.  

Schmitz and Tschickardt (2002) describe the application of “MAK Method 2” as a 

preferred method, which is based on the DNPH method. Air from the workplace is drawn 

with a sampling pump through silica gel cartridges impregnated with DNPH. The airborne 

aldehydes and ketones are transformed into the corresponding hydrazones. After 

desorption with acetonitrile, qualitative and quantitative determination is carried out by 

using high performance liquid chromatography (HPLC). Performance characteristics of 

this method, specifically for formaldehyde, were reported by Schmitz and Tschickardt 

(2002) as follows: 

Precision: 

Standard deviation (rel.)  sw = 5.0, 1.7 and 3.9 % at concentrations of   

    150, 600 and 1200 μg of formaldehyde per m3 

Mean variation  u = 11.9, 4.3 and 9.9 % at concentrations of   

    150, 600 and 1200 μg of formaldehyde per m3   

    air and for n = 6 determinations 

Detection limit: 

11 μg Formaldehyde per m3 air (for a sample volume of 6 l air) 

Recovery rate: 1.01 (101%) 

Recommendation for sampling: 

Sampling time: 1 h 

Sample volume: 6 l 

Sampling rate: 100 ml min-1 
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In addition to this “Method 2”, the MAK Commission (Kuck 1993) also recommends “MAK 

Method 3”, which is based on voltametry in combination with differential pulse 

polarography (DPP) as the analytical principle. Beyond these Methods 2 and 3 by the 

MAK Commission, several other methods have been recommended for monitoring 

occupational exposure to formaldehyde by NIOSH, OSHA, among others competent 

institutions. A non-exhaustive listing of such methods is provided below: 

 Passive sampling methods: 

 OSHA Method No 1007 (OSHA 2005). Target concentration is in the range of 

0.75 ppm (0.92 mg/m3). Diffusive samples are collected by exposing either Assay 

Technology ChemDisk Aldehyde Monitor 571 (ChemDisk-AL), SKC UMEx 100 

Passive Sampler (UMEx 100), or Supelco DSD-DNPH Diffusive Sampling Device 

(DSD-DNPH) to workplace air. Samples are extracted with acetonitrile and 

analysed by LC using a UV detector. In the UK, HSE-MDHS 78 (1994), a method 

based on the same principle, has been replaced by HSE-MDHS 102 (2010); in 

this method the samplers are solvent desorbed into acetonitrile and the aldehyde 

derivatives analysed using HPLC with a photodiode array detector (PDA). 

Separation is achieved using a C18 column (3.9 × 300 mm) maintained at a 

temperature of 50 °C.  

 OSHA method ID-205(OSHA 1985). A modified chromotropic acid procedure is 

used. Sample filters are desorbed using deionized water. Solutions are acidified, 

and chromotropic acid is added. The color complex formed is analyzed using a UV 

spectrophotometer at 580 nm. Detection limits are 0.039 ppm (qualitative) and 

0.11 ppm (quantitative) at a sampling time of 4 hours. The collection devise is a 

passive badge monitor containing bisulfite-impregnated paper. The dose range 

provided by the manufacturer is 0.8 to 72 ppm-h. 

 Active sampling methods: 

 NIOSH Method 2016, Issue 2, 15th March 2003; (NIOSH 2003): The working 

range is 0.015 to 2.5 mg/m3 (0.012 to 2.0 ppm) for a 15-L sample. This method 

can be used for the determination of formaldehyde for both STEL and TWA 

exposures. Sampling is carried out with a cartridge containing silica gel coated 

with DNPH and extraction via elution with 10 mL of carbonyl-free acetonitrile. 

Finally the analysis takes place with HPLC, UV detection. In addition to NIOSH 

Method 2016, INRS (INRS 2005) and AFNOR have developed two methods based 

on the same principle: INRS Metropol 001/V01(2005) and 

AFNOR NFX 43-264 (2002).  

 NIOSH Method 2541, Formaldehyde by GC, Issue 2, 15th August 1994; 

(NIOSH 1994a): The working range is 0.24 to 16 ppm (0.3 to 20 mg/m 3) for a 

10-L air sample. The method is suitable for the simultaneous determinations of 

acrolein and formaldehyde. Sampling is carried out in a solid sorbent tube (10% 

(2-hydroxymethyl) piperdine on XAD-2, 120 mg/60 mg). Desorption takes place 

in 1 mL toluene; 60 min ultrasonic and the analysis is carried out using GC/FID or 

NPD. A similar method, OSHA 52 (1989) has been proposed by OSHA (1989). 

 NIOSH Method 3500, Formaldehyde by VIS, Issue 2, 15th August 1994 

(NIOSH 1994b): The working range is 0.02 to 4 ppm (0.025 to 4.6 mg/m3) for an 

80-L air sample. This is the most sensitive formaldehyde method in the NIOSH 

Manual of Analytical Methods and is able to measure ceiling levels as low as 

0.1 ppm (1 5-L sample). It is best suited for the determination of formaldehyde in 
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area samples. Sampling takes place using filters and impingers (1-μm PTFE 

membrane and 2 impingers, each with 20 mL 1% sodium bisulfite solution). Being 

a chromotropic method the colour development takes place in a chromotropic acid 

(+ sulfuric acid; absorbance at 580 nm) while the analysis takes place with visible 

absorption spectrometry. A method based on a similar principle, 

INSHT-MTA/MA-018/A89(1989), has been proposed by INSHT (1989). 

The above mentioned methods have been evaluated by AFSSET (2008). On this basis, 

they recommended NIOSH method 2016 and INRS Metropol 001/V01 (2005) for active 

sampling and OSHA method 1007 for passive sampling. These methods show sufficient 

limits of detection and quantification and can be executed with readily available materials 

in the laboratories.  

7. HEALTH EFFECTS 

As a result of its reactivity in target tissues with direct contact with the substance, FA 

causes local irritation, acute and chronic toxicity and has genotoxic and cytotoxic 

properties (DECOS, 2003; NEG, 2003; DFG, 2014). 

Studies with volunteers yielded threshold concentrations for odour perception of less than 

0.5 ppm, for eye irritation of 0.5 to 1 ppm and for nose and throat irritation of l ppm; 

sensory eye irritation was observed in some cases also at lower concentrations, 

predominately based on subjective symptoms. In workers exposed long-term to FA at the 

workplace, lesions were observed in the nasal mucosa even at average exposure 

concentrations below 1 ppm. But it was concluded that the studies reporting such effects 

would not allow defining exposure concentrations or peaks above which the 

histopathological nasal lesions may occur (DFG, 2014). More recent studies in this 

respect are not available. The experimental no-effect-level of sensory irritation in BALB/c 

mice has been determined to be 0.3 ppm (Nielsen et al., 1999). 

FA causes sensitisation of the skin and there are some reports indicating also to bronchial 

asthma (e.g. Lemière et al. 1995).  

Studies reporting induction of asthma have been reviewed by DFG (2014) concluding 

“that FA is responsible for allergic asthmatic conditions only in very rare cases in spite of 

the wide range of possibilities of exposure” and that a designation as an asthma inducing 

agent would not be justified. 

 

7.1. Toxicokinetics, Absporption, Distribution, Metabolism, Excretion 
(ADME) 

Several mechanisms are involved in the inactivation of FA. The inhaled hydrophilic gas 

dissolves first of all in the layer of mucus covering the nasal epithelium; reactions with 

components of the mucus (Bogdanffy et al. 1987) and mechanical clearance of the 

mucus represent the first barrier. From a certain exposure concentration mucociliary 

clearance is impaired.  

As the cytotoxic and genotoxic FA is a normal intermediary metabolic constituent of all 

cells, efficient intracellular defence mechanisms exist. The most important among these 

mechanisms is formaldehyde dehydrogenase (FDH) that rapidly oxidises FA to formic acid 

after a non-enzymatic reaction of FA with reduced glutathione to 

S-hydroxymethylglutathione. Formic acid then enters into the physiological C1 pool and 

may be finally oxidised to CO2 (Yu et al 2015).  
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7.1.1. Human data 

As formaldehyde dehydrogenase (FDH; ADH 5) is the major detoxification enzyme, the 

question arises whether polymorphism of this enzyme may render subgroups of the 

normal population specifically sensitive to FA toxicity. Former studies with in total more 

than 1000 samples from human donors did not find any indication for polymorphism on 

the protein level (Castle and Board, 1982; Uotila and Koivusalo, 1987; Benkmann et al., 

1991). Hedberg et al. (2001) found a polymorphism in promoter region with reduced 

transcriptional activity in vitro. As the biological meaning of these polymorphisms for FA 

related toxicity remained unclear, further studies were carried out, as follows. 

Just et al. (2011) investigated 3 polymorphisms in the blood of healthy German 

volunteers. The polymorphism described by Hedberg et al. (2001) was not detected in 

150 subjects and another polymorphism described in literature was not detected in 

70 subjects. A third polymorphism was identified in 105 subjects: 43 were heterozygous, 

46 homozygous for one allele and 16 homozygous for the other allele. As the comet 

assay with blood samples of homozygous subjects showed no difference in strand breaks 

or DNA-protein-crosslink (DPX) formation, no influence on in vitro genotoxicity of FA, no 

biologically relevant polymorphisms of the FDH gene could be identified. FA exposure did 

not lead to alterations of FDH expression in human volunteers at concentrations up to 

0.7 ppm or at 0.4 ppm plus peaks of 0.8 ppm (Zeller et al, 2011a) [for details of 

exposure see Mueller et al, 2013] or in vitro with human A549 lung cells (Speit et al, 

2010) or nasal epithelial cells (HNEC) (Neuss et al, 2010b). 

No differences for inter-individual susceptibility could be identified with 30 male smokers, 

30 female non-smokers and 30 school children when leukocytes were incubated with FA. 

The endpoints studied included in vitro formation and removal of DPX by the Comet 

assay, in vitro induction and persistence of SCE and expression of mRNA levels of the 

FDH gene by real-time PT-PCR. In addition there was no association of GSTM1 and 

GSST1 polymorphism with in vitro genotoxicity (Zeller et al., 2012). When the leukocytes 

of the volunteers of the Mueller et al. (2013) study were subjected to the same in vitro 

battery of tests no differences were identified for the subgroups hyper- and hyposensitive 

persons to CO2 induced nasal irritation (Zeller et al., 2011b).  

Santovito et al. (2011) did not observe an influence of different GST genotypes on the 

level of chromosomal aberrations in pathology workers, similar to Costa et al. (2008) for 

the endpoints of micronuclei, SCE and in the comet assay and to Ladeira et al (2013) for 

micronuclei. A slightly different result was obtained in a field study with workers in 

plywood industries by Jiang et al. (2010). They observed in peripheral blood lymphocytes 

of the workers an increased tail moment in the comet assay and increased micronuclei by 

the cytokinesis-block micronucleus assay. The effect in the comet assay was slightly 

higher in the GSTM1 subgroup and in the comet assay in workers with the GSTP1 Val 

allele as compared to those with non-null or the wild-type allele. No effects were noted 

for the subgroups of GSTT1 null vs. non-null workers. The authors suggested that 

polymorphism of GST genes may modulate systemic genotoxicity of FA, but no 

explanation was given for the divergent results obtained by the comet and micronucleus 

assay. 

In summary, these data show that there are no major inter-individual differences in 

genetic variability of FDH (protein level) and the FDH gene (gene expression), for ex vivo 

formation/removal of DPX and SCE or of GST polymorphism on ex vivo genotoxicity. 

Garcia et al. (2009) modelled the nasal cavity by MRI or CT scans of 5 adults and 2 

children. Airflow was simulated for breathing at rest and the dosimetry for water-soluble, 

reactive chemicals, like FA was simulated. Most of the gas was absorbed in anterior nasal 

passage and the inter-human variability related to mass impacted/time/surface area was 

1.6-fold without a significant difference between children and adults. 
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7.1.2. Animal data  

In inhalation studies with rats exposed to 15 ppm, the mucociliary function in the frontal 

nasal region was inhibited and marked mucostasis was observed. After exposure to a 

level of 6 ppm only certain areas were affected. After exposure to a level of 2 ppm 

minimal changes in the mucus flow rate were observed, whilst 0.5 ppm had no effect 

(Morgan et al. 1986). With sufficiently high exposure concentrations, a concentration 

gradient of free FA was established within the layers of the nasal epithelium. Under these 

circumstances, in the fully differentiated cells near the surface, the actual concentration 

is higher than in the lower-lying proliferating stem cells. In the rostral third of the 

respiratory epithelium, however, the epithelium consists of only two cell layers with few 

basal cells (Hermann, 1997). In the epithelial cells there are several ways inactivation 

can take place. Direct reactions with protein and RNA in the cytosol probably remove a 

large amount of free FA (Casanova-Schmitz et al., 1984). The molecule may enter the C1 

pool of cell metabolism, and there is effective GSH-dependent oxidation by FDH (Heck 

and Casanova-Schmitz, 1984; Heck and Casanova, 2004). 

FA was not found to pass the airway epithelium in rats and monkeys, and entering the 

blood compartment (see 7.9.1.) 

 

7.1.3. In vitro data 

Cultivation of human nasal epithelial cells with a high concentration (300 µM) of FA for 

one hour caused DNA protein crosslinks (DPX) in the cells; the FA concentration in the 

medium decreased only by about 10% during the 1-hour exposure. Replacing the 

medium by a medium without FA showed no release of FA from the epithelial cell into the 

new medium. Neither did co-cultivation with lymphocytes show DNA damage in the 

Comet assay in the lymphocytes after change of the medium (Neuss et al., 2010a,b). 

Similarly, a 1-hour exposure of the human lung epithelial cell line (A549) caused sister 

chromatide exchanges (SCE) in the cells with ≥ 100 µM FA. Change of the medium and 

co-cultivation with V79 Chinese hamster cells showed no SCE in the V79 cells  (Neuss 

and Speit, 2008). Thus, FA liberation was not detected from any of the epithelial cells. 

7.1.4. Biological monitoring  

The concentration of endogenous FA in human blood is about 2-3 mg/l; similar 

concentrations are found in monkeys and in rats. Exposure of humans, monkeys or rats 

to FA by inhalation has not been found to alter the concentration of FA in the blood. The 

average level of formate in the urine of people not occupationally exposed to FA is 

12.5 mg/l and varies considerably both within and between individuals. As stated by 

IARC (2006), no significant changes of urinary formate were detected after exposure to 

0.4 ppm FA for up to 3 weeks in humans. On the other hand, recently an increased 

urinary excretion of formic acid was noted in workers exposed to FA below 0.2 ppm 

(Peteffi et al. 2015, 2016). In essence, more studies appear required on this issue. 

7.1.5. Toxicokinetic modelling 

The kinetics of DNA-protein cross-link formation by inhaled formaldehyde in the nose 

were modelled by Casanova et al (1991). This model included both saturable and non-

saturable elimination pathways and described regional differences in DNA binding as 

having an anatomical basis. There was significant overlap between model-predicted and 

fitted curves. Concentrations of cross-links produced in the nasal mucosa of adult men 

were predicted based on experimental data in rats and monkeys. The results suggested 

that formaldehyde would generate lower concentrations of cross-links in the nasal 

mucosa of humans than of monkeys, and much lower concentrations in humans than in 

rats. The rate of formation of DNA-protein cross-links was regarded as a surrogate for 

the delivered concentration of formaldehyde. The authors claimed that their model 

decreased the uncertainty of human cancer risk estimates for formaldehyde derived by 
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interspecies extrapolation by providing a more realistic measure of the delivered 

concentration at critical target sites. 

 

 

7.2. Acute toxicity 

7.2.1. Human data 

As the primary effect of formaldehyde is local irritancy, the relevant data are presented 

in chapter 7.4.1. 

 

7.2.2. Animal data 

Studies of the sensory irritation caused by FA in mice and rats are described in chapter 

7.4.2. 

 

7.3. Specific Target Organ Toxicity/Repeated Exposure 

Studies of the subchronic and chronic toxicity of inhaled FA have been documented by 

DFG (2000) and jointly by DECOS (2003) and the Nordic Expert Group (NEG, 2003). In 

all animal experiments, the most noticeable toxic effects of FA were observed in the 

upper respiratory tract; these effects have been investigated in numerous studies that 

are described in chapter 7.4.1. 

7.3.1. Human data 

There are reports on cases of systemic (e.g., anaphylaxis) or, much more often, localized 

(e.g., contact dermatitis) allergic reactions attributed to the formaldehyde (or 

formaldehyde-containing resins) present in household and personal care (and dental) 

products, clothing and textiles, bank note paper, and medical treatments and devices. 

Also, in exposed persons mild to moderate sensory eye, nose, and throat irritation was 

experienced (for details, see IPCS 2002). 

 

7.3.2. Animal data 

In rats exposed to FA concentrations of 10 ppm, daily for 6 hours on 5 days a week, 

rhinitis, hyperplasia and squamous metaplasia of the respiratory epithelium of the nasal 
mucosa were described in all studies. In rats exposed to 1.0 ppm for 2 years no 
histopathological changes were observed (no observed adverse effect concentration, 
NOAEC; Woutersen et al., 1989). From concentrations of 2 ppm, rhinitis, epithelial 
dysplasia and even papillomatous adenomas and squamous metaplasia of the respiratory 
epithelium of the nose were found, from 6 ppm squamous cell carcinomas (Kerns et al, 
1983; Swenberg et al, 1980). At this concentration also the cell proliferation rate in the 
nasal mucosa was increased transiently, and from 10 ppm increased permanently 
(Monticello et al, 1996). 

Uninterrupted exposure of rats for 8 hours/day ("continuous") was compared with 8 
exposures for 30 minutes followed by a 30-minute phase without exposure 
("intermittent") in two 13-week studies with the same total dose. Effects were seen only 
after intermittent exposure to FA concentrations of 4 ppm, but not after continuous 
exposure to 2 ppm. The authors concluded that the toxicity in the nose depends on the 
concentration and not on the total dose (Wilmer et al, 1989). In mice exposed to FA 
concentrations of 2.0, 5.6 or 14.3 ppm for 2 years (6 hours/day, 5 days/week), rhinitis 
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and epithelial hyperplasia was observed, from 5.6 ppm dysplasia, metaplasia and 
atrophy. Squamous cell carcinomas were observed only after concentrations of 14.3 ppm 
(Kerns et al, 1983). 

In hamsters exposed to FA concentrations of 10 ppm (5 hours/day, 5 days per week) for 
life, survival was reduced and the incidence of hyperplasia and metaplasia (4/88, 5 %) 
was slightly increased, but not that of tumours (Dalbey, 1982). 

In Cynomolgus monkeys exposed almost continuously to FA concentrations of 0.2, l or 
3 ppm for 26 weeks, metaplasia and hyperplasia were observed in 1/6 and 6/6 animals 
of the 1 and 2 ppm groups, respectively. In the animals exposed to concentrations of 
0.2 ppm, no histopathological changes were found (Rusch et al, 1983a, 1983b). 

Reduced body weight gains were reported in rats exposed to FA concentrations from 
10 ppm for 6 hours a day in a 13-week inhalation study (Woutersen et al, 1987) and in 
those exposed to concentrations from 5.6 ppm in a 2-year inhalation study (Kerns et al, 
1983; Swenberg et al., 1980). In mice, reduced body weight gains were found in a 
13-week inhalation study only at concentrations from 20 ppm. Other systemic effects 
were not observed in these studies. Only in a 26-week inhalation study with continuous 
exposure (22 hours a day, 7 days a week) were reduced absolute and relative liver 
weights observed from concentrations as low as 3 ppm (in addition to reduced body 
weight gain and lesions in the nasal region) (Rusch et al., 1983a, 1983b). 

The findings in rats were reconfirmed after exposure of male F344 rats to concentrations 
of 0, 0.5, 1, 2, 6, 10 and 15 ppm (6 h/d, 5 d/week over 4 weeks). At 10 or 15 ppm clear 
site-specific pathological changes (focal epithelial degeneration, inflammation and 
squamous metaplasia) were observed in a decreasing gradient (anterior to posterior) 
(Speit et al, 2011a). 

A study related to the possible induction of lympho-haematopoetic neoplasms has been 
carried out in Fischer-344 rats and B6C3F1 mice at exposure concentrations between 
0.5 and 15 ppm over 4 weeks (Kuper et al., 2009). Nasopharynx-associated lymphoid 
tissues (NALT) and upper-respiratory tract-draining lymph nodes were studied by 
standard histopathology and immunohistochemistry for cell proliferation. The only effect 
noted was simple hyperplasia and increased proliferation rate of the lympho-epithelium 
of rats at 15 ppm. Therefore the study did not support the hypothesis that FA may induce 
such systemic neoplasms by reaction with local lymphoid cells. 

7.3.3. In vitro data 

Cytotoxicity of formaldehyde has been studied in several in vitro models. It was verified 

that formaldehyde may enter cells as such and then elevates the endogenous 

formaldehyde concentration (Ke et al. 2014). Cell models of human nasal epithelial cells 

are being developed for testing of gaseous formaldehyde toxicity (Wang et al. 2014). 

7.4. Irritancy and corrosivity 

FA is classified as Skin Corrosive cat 1B (H314) according to CLP. 

7.4.1. Human data 

A recent study by Berglund et al. (2012) determined the average (P50) absolute odour 
threshold (corrected for “false alarm”) of FA to 0.1 ppm (Range: 0.02-0.5 ppm). Overall, 
the odour response of FA occurs below observed toxicological effects.  

In itself, an odour cue can increase reporting of symptoms (e.g. headache, nausea, and 
eye and throat irritation) due to stress-related perceptions, triggered by belief about 
potential toxicological risks; this is especially prominent among individuals with 
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“environmental worry” and “negative affectivity”, but symptom reporting may also be 
influenced by belief about (positive, neutral or negative) health effects of an odour 
(Greenberg et al, 2013; Nimmermark, 2004; Dalton, 2003; Shusterman, 2001; 
Shusterman et al, 1991 and references therein).  

Studies with the controlled exposure of volunteers must be distinguished from 
epidemiological studies of persons exposed at the workplace or under certain 
environmental conditions. The most reliable data are obtained in controlled studies with 
volunteers. Studies of persons exposed at the workplace are less suitable for making 
quantitative statements, mainly because of uncertain levels of exposure. Approximately 
150 scientific papers (animal studies, human volunteer and occupational studies) on FA 
effects were evaluated by a panel of independent experts convened by the Industrial 
Health Foundation (IHF; Paustenbach et al., 1997). The data were indicative of a 
relatively wide individual susceptibility to irritation from FA. Data available for eye 
irritation from a total of 17 volunteer studies had been compiled and evaluated. The 
experts concluded that between 0 and 0.3 ppm there is no increase in eye irritation 
above the general background level of about 10-20%, and irritation below 0.3-0.5 ppm 
FA was too unreliable to attribute the irritation solely to FA. A concentration-effect curve 
was constructed showing that at 0.5–1 ppm, exposure for up to 6 hours can produce eye 
irritation in 5–25 % of the exposed persons, although responses below 20% were often 
not considered attributable to FA alone. It was concluded, based on the controlled human 
and epidemiological studies, that at 0.3 ppm or less no irritation attributable to FA should 
occur, if people are exposed up to 8 hours per day. Significant increases in eye irritation 
are reported, however, only at concentrations of at least 1 ppm, which is the reason that 
this concentration is often regarded as a ceiling value (Paustenbach et al., 1997). Similar 
reviews with a partly overlapping database were carried out by Bender (2002) and Arts 
et al. (2006) basically coming to the same conclusions. It must be taken into 
consideration that apart from one study all the others reviewed only relied on reporting 
of subjective symptoms for sensory eye irritation.  

The question of a threshold for chemosensory irritation was experimentally addressed by 
Lang et al. (2008). Twenty-one volunteers (11 males, 10 females) were examined over a 
10-week period using a repetitive design. Each subject was exposed to 10 exposure 
conditions on 10 consecutive working days, each for 4 hours. FA exposures were 
0 (control), 0.15, 0.3 and 0.5 ppm, respectively. Also, a group with 0.3 ppm FA exposure 
with 4 peaks, each with a duration of 15-min, at 0.6 ppm and a group exposed at 
0.5 ppm with 4 peaks at 1 ppm were included. Furthermore, ethyl acetate was used to 
mimic or mask the odour of FA. Thus, ethyl acetate alone (another control group), and 
0.3 and 0.5 ppm FA groups were added ethyl acetate, as was a group with 0.5 ppm FA 
with peaks at 1 ppm. The ethyl acetate concentrations were 12–16 ppm. During 
exposure, subjects had to perform three cycle ergometer units at 80 watts for 15 min. 
Apart from reporting of subjective symptoms for irritation, measurements were related to 
objective effects of FA exposures as conjunctival redness, blinking frequency, nasal flow 
and resistance, pulmonary function and reaction times. Blinking frequency and 
conjunctival redness (ranging from slight to moderate) were significantly increased at 0.5 
ppm with peak exposures, but no increase was observed at 0.5 ppm alone. FA had no 
effect on the other objective parameters. Results of subjective ratings (score for total 
symptom, eye irritation, nasal irritation, olfactory symptoms, respiratory irritation, and 
annoyance) were highly variable as indicated from the SDs and the maximum scores; the 
prerequisite (normal distribution) for the ANOVA testing was not reported. The total 
symptom score was increased only at 0.5 ppm with peaks at 1 ppm. The eye irritation 
score was increased at 0.3 and 0.5 ppm FA compared to the 0 ppm FA group; the mean 
symptom rating was below “slight”. However the increases were not exposure-dependent 
and they were similar to that in the ethyl acetate (odour) control group. The 0.5 ppm 
group with peak exposures had significantly higher score than the two control groups; 
eye irritation was on average less than “somewhat”. Nasal irritation was similar in the FA 
groups, 0.3, 0.3 with peaks and 0.5 ppm alone, and the ethyl acetate (odour) control 
group and not different from the 0 ppm control group; the 0.5 ppm FA group with peaks 
had a significantly higher score than the two control groups. An exposure-dependent 
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significant respiratory irritation score was only reported at the 0.5 ppm with peaks, but 
this was not significantly different from the ethyl acetate (odour) control group; the 
mean symptom rating was below “slight”. Olfactory symptom scores were increased in ≥ 
0.3 ppm FA exposure groups compared with the 0 ppm control group. The ratings in the 
0.3 group with peaks, the 0.5 group alone and the 0.5 ppm group with peaks were 
similar to the ethyl acetate control group. Annoyance was increased in the 0.3 group with 
peaks, the 0.5 group and the 0.5 ppm group with peaks compared with the 0 ppm 
control group. When negative affectivity was introduced as a covariate, the level of 
0.3 ppm was no longer an effect level, but 0.5 ppm with peaks of 1.0 ppm was. The 
authors concluded that eye irritation was the most sensitive parameter recorded, and 
that the no-observed-adverse-effect level for objective eye irritation was 0.5 ppm. The 
similar value was observed for subjective eye irritation if odour bias and negative 
affectivity were included in the evaluation. The LOAEC was 0.5 ppm with peaks at 1 ppm. 
No sex differences were noted.  

In view of open questions resulting from this study, a new exposure study in volunteers 
was conducted to examine chemosensory effects of FA in so-called “hyposensitive” and 
“hypersensitive” persons (Mueller et al, 2013). Forty-one male volunteers (aged 32 years 
± 9.6) were exposed for 5 days (4 hours per day) in a randomised schedule to the 
control condition (0 ppm) and to FA concentrations of 0.5 and 0.7 ppm and to 0.3 ppm 
with peak exposures of 0.6 ppm, and to 0.4 ppm with peak exposures of 0.8 ppm, 
respectively. Peak exposures were carried out four times a day over a 15-min period. 
During exposure, subjects had to perform four cycle-ergometer units at 80 watts for 
15 min. Subjective pain perception induced by nasal application of carbon dioxide (CO2) 
served as indicator for sensitivity to sensory nasal irritation. The division between 
“hypersensitive” and “hyposensitive” subjects was based on the median in sensitivity 
towards the irritating effect of CO2. The following parameters were examined before and 
after exposure: subjective rating of symptoms and complaints (Swedish Performance 
Evaluation System, SPES), conjunctival redness, eye-blinking frequency, self-reported 
tear film break-up time and nasal flow rates. In addition, the influence of personality 
factors on the volunteer's subjective scoring was examined (Positive And Negative Affect 
Schedule, PANAS). FA exposures to 0.7 ppm for 4 hours and to 0.4 ppm for 4 hours with 
peaks of 0.8 ppm for 15 min caused no significant sensory irritation of the measured 
conjunctival and nasal parameters (conclusion by the authors). In all groups, the mean 
sum score of the individual symptoms, the eye irritation score and the nasal irritation 
score were within a range of less than 2.5 mm on a 100-mm Visual Analogue Scale 
(VAS). No differences between hypo- and hypersensitive subjects were seen. Statistically 
significant differences were noted for olfactory symptoms, especially for the “perception 
of impure air”. These subjective complaints were more pronounced in hypersensitive 
subjects. But after a detailed analysis the authors concluded that these effects were 
mainly induced by unpleasant smell and the situational and climatic conditions in the 
exposure chamber. FA concentrations of 0.7 ppm for 4 hours and of 0.4 ppm for 4 hours 
with peaks of 0.8 ppm for 15 min did not cause adverse effects related to irritation, and 
no differences between hypo- and hypersensitive subjects were observed (Mueller et al., 
2013). Interestingly, Lang et al. (2008) observed subjective symptoms of eye irritation at 
concentrations upward of 0.3 ppm, but not Mueller et al. (2013). This was explained by 
differences in the study populations because the PANAS score for negative affectivity in 
the Lang study was significantly higher (p<0.02) as compared to that in the Mueller 
study. This finding underlines in as much subjective symptoms may be influenced by 
personality factors like expectation or anxiety. 

The study was accompanied by satellite investigations (Zeller et al., 2011a,b). The 
results indicated that despite large differences in CO2 sensitivity (see above), the 
susceptibility towards nasal irritation was not related to the induction of genotoxic effects 
(DPX, SCEs) in peripheral blood or the protection of blood cells against FA-induced effects 
(expression of FDH, repair capacity for FA-induced DPX). There was no correlation 
between CO2 sensitivity and the expression of FDH. There was also no close correlation 
between the various indicators of cellular sensitivity towards FA-induced genotoxic 
effects, and no subgroups were identified with particular mutagen sensitivity towards FA 
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(Zeller et al 2011a). Moreover, investigations of potential individual susceptibility of 
human blood cells towards FA-induced genotoxicity indicated no biologically relevant 
differences with regard to various indicators of cellular sensitivity to genotoxic effects 
along with the expression of FDH and genetic polymorphisms of the glutathione 
S-transferases GSTT1 and GSTM1 (Zeller et al 2012). The authors suggested that a low 
scaling factor to address possible human inter-individual differences in FA-induced 
genotoxicity could be reasonable. This is also supported by field studies investigating 
polymorphisms of glutathione S-transferases (Jiang et al., 2010, Santovito et al., 2011). 

7.4.2. Animal data 

Studies of the sensory irritation caused by formaldehyde in mice and rats showed the 

mouse to be markedly more sensitive (Barrow et al., 1983, 1986, Chang et al., 1981; 
Chang and Barrow, 1984). The concentration, which after short-term exposure leads to a 
reduction in the respiration rate to 50 % (RD50) in mice, was found to be between 3 and 
5 ppm (Chang et al. 1981, Schaper 1993). A clear no-effect level for nasal irritation in 
mice was found to be at 0.3 ppm (Nielsen et al., 1999). In rats, RD50 values between 
10 and 30 ppm have been reported (Cassee, 1995; Cassee et al, 1996; Chang et al, 
1981; Chang and Barrow, 1984; Schaper, 1993). 

7.4.3. In vitro data 

No relevant in vitro data were retrieved. 

7.5. Sensitisation 

FA is a known human skin sensitizer. 

7.5.1. Human data 

Against the background of a widespread use, respiratory sensitisation has been reported 

only in single cases (DECOS, 2003; Nordic Expert Group, 2003) and therefore the 

designation as respiratory sensitizer is not warranted conforming to the conclusion of the 

DFG (2014). 

Some studies raise the question of immunological effects, especially childhood asthma, 

(McGwin et al, 2010, Aydın et al, 2013, Costa et al, 2013). Because childhood asthma is 

not relevant for workplace exposure, the present document does not elaborate on this 

aspect.  

In two studies a possible exacerbation of lung function by FA was tested with adult 

asthmatic volunteers sensitive to grass pollen or dust mites. FA exposure was followed by 

inhalation of the allergen. Ezratty et al. (2007) found no deleterious effect of FA exposure 

(0.5 mg/m³) on symptoms provoked by grass pollen. On the other hand, Casset et al. 

(2006) observed that FA at 0.1 mg/m³ enhanced the bronchial responsiveness in another 

group of mite-sensitised subjects. Both of these studies were analysed in detail by 

Wolkoff and Nielsen (2010) in respect of an indoor exposure limit of 0.1 mg/m³. In spite 

of the effects described by Casset et al. (2006) they concluded that these findings are 

not in conflict with such an exposure limit for the general population. Whether higher 

concentrations may in some cases affect sensitised workers cannot be excluded by this 

analysis. But Paustenbach et al. (1997) concluded that FA does not induce or exacerbate 

asthma after having reviewed the literature available at that time including several 

studies with asthmatics. A similar conclusion was obtained for FA concentrations below 

1 ppm (Wolkoff and Nielsen, 2010; Nielsen et al., 2013) 

7.5.2. Animal data 

Results of studies in laboratory animals have indicated that formaldehyde may enhance 

their sensitization to inhaled allergens. In female BALB/c mice sensitized to ovalbumin, 
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the serum titre of IgE anti-ovalbumin antibodies was increased approximately 3-fold in 

animals pre-exposed to 2.0 mg FA/m3 for 6 h/day on 10 consecutive days. Similarly, 

exposure of female Dunkin-Hartley Guinea pigs, sensitized to airborne ovalbumin, to 

0.3 mg FA/m3 produced a significant 3-fold increase in bronchial sensitization, as well as 

a significant 1.3-fold increase in serum anti-ovalbumin antibodies (IPCS 2002). 

7.5.3. In vitro data 

No relevant data were retrieved. 

7.6. Genotoxicity 

Genotoxic and mutagenic effects of FA were found in various in vitro test systems. As a 
reactive compound, FA reacts with nucleic acids and proteins. Results of in vivo studies 
are more difficult to evaluate. Of particular importance is the question whether 
cytogenetic effects can only occur as the result of local exposure or also as the result of 
the systemic availability of FA. 

The available data concerning the genotoxicity of FA have recently been evaluated by 
RAC (ECHA 2012), based on a comprehensive data compilation in the CLH Report (ECHA 
2011). In summary, it was concluded that FA induced mutagenic and genotoxic effects in 
proliferating cells of directly exposed cell lines. FA was addressed as an in vitro mutagen 
with a predominantly clastogenic mode of action. Gene mutation tests gave insufficient 
evidence for induction of gene mutations. Clastogenic effects (such as chromosomal 
aberrations, increased micronucleus formation and sister chromatid exchanges) as well 
as genotoxic effects (DPX, DNA adducts) were induced in cultured mammalian and 
human cells in vitro. FA was also genotoxic in somatic cells at the site of contact, as 
already addressed by SCOEL in 2008. In vitro experiments with A549 human lung cells 
did not support the idea that low FA concentrations (up to 75 µM) would enhance the 
genotoxic activity of different classes of mutagens or might interfere with the repair of 
DNA damage induced by other mutagens (Speit et al 2014).  

Based on the CLH Report (2011) RAC (2012) concluded that FA should be classified as 
mutagen category 2 (“suspected germ cell mutagen”). This decision was based on the 
ECHA Guidance to CLP that requires that also the indication of genotoxic effects at sites 
of contact (here predominantly DPX formation in nasal epithelium) have to be taken into 
consideration for classification even if a substance is not bioavailable to germ cells like 
FA. 

7.6.1. Human data  

Since the publication of the SCOEL Recommendation in 2008, a number of genotoxicity 

studies in exposed humans have been published. Concerning these studies, a major 

general point of critique was that most studies were performed on only small numbers of 

subjects, which makes interpretation difficult (CLH Report 2011). A number of published 

studies did not include an analytical exposure assessment and can therefore not be 

evaluated.  

7.6.1.1. Systemic  

In the DNA of white blood cells from workers exposed to FA (average concentrations 
determined by personal air sampling: 2.8-3.1 ppm), the incidence of DPX was 
significantly higher than in control persons (p = 0.03). Assuming that FA reaches the 
blood cells via the lungs, it was suggested DPX be used as a biomarker for exposure to 
FA (Shaham et al. 1996). Because of methodological shortcomings, this study has, 
however, been heavily criticised (the blood samples were allowed to stand for 3 hours, 
the intra-individual and analytical variability were not determined, FA-induced DPXs and 
DNA-protein crosslinks of other genesis were not differentiated (Casanova et al. 1996); 
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however, a more recent study by the same group has been considered (IARC, 2005) to 
reveal increased DPX in workers exposed to FA (Shaham et al., 2003). 

It has been stated in the CLH Report (2011) that positive genotoxicity results were 
observed mainly in populations involved in embalming procedures and in pathology 
workers. More recently further studies became available with larger study populations 
that warrant an overall assessment of all data on systemic genotoxicity. These 
publications are summarized in Table 3. 

In a study on a small number (n=20) of nurses exposed to cytostatic drugs, 
anaesthetics, FA and other sterilising gases, elevated sister chromatid exchange counts 
in blood cells were observed vs. a control group. Quantitative exposure data were not 
given (Santovito et al 2014). Therefore, no conclusions may be drawn regarding a 
specific effect of FA. 

 

Table 3: Systemic genotoxicity in exposed workers 

Author Study group N: exp./contr. Exp. Level Endpoints  Result 

Thomson, 1984 Pathology  6/5 1.14-6.93 mg/m3 during 

tasks lasting over 2-4 h/d; 

peaks up to >11mg/m³ 

CA 

SCE 

- 

- 

Bauchinger, 1985 Paper factory 20/20 No data CA 

SCE 

+ 

- 

Yager,1986 Anatomy students 8(after)/8 

(before course) 

1.2 ppm SCE + 

Suruda, 1993 Embalming course 
over 85 days 

29(after)/29 
(before course) 

14.8 ppmxh (cumulative), 
peaks up to 6.6 ppm 

MN 
SCE 

+ 
- 

Shaham, 1996 Pathology, anatomy 12/8 15 min personal sample 
range: 2.8-3.1 ppm 

DPX +(e) 

Shaham, 1997 Pathology, anatomy 12/8 (for DPX) 
13/20 (for SCE) 

Measurements over 15 min: 
mean: 1.46 ppm (peaks up 

to 3.1) 

DPX 
SCE 

+(e) 
+ 

Shaham, 2002 Pathology  90/52 Measurements over 15 min: 

0.04-5.6 ppm  

SCE +(f) 

Shaham, 2003 Pathology  186/213 Same as in 2002 study  DPX + 

Ying, 1997 Anatomy students 23(after)/23 

(before course) 

0.508 ±0.299 mg/m³ MN - 

Ying, 1999 Anatomy students 23(after)/23 

(before course) 

0.508 ±0.299 mg/m³ SCE - 

He, 1998 Anatomy students 13/10 2.37 ppm (wean) CA 

SCE 

CBMN 

+ 

+ 

+ 

Ye, 2005 FA factory 18 workers / 

16 waiters / 

23students 

(controls) 

0.985±0.296 mg/m³ 

0,107±0.067 mg/m³ 

0.011-0.003 mg/m3  

SCE + ) 

Orsiere, 2006 Pathology, anatomy 59/37 

18/18 

TWA: 0.1 (<0.1-0.7) 

Peaks up to 20.4 ppm 

CBMN 

CBMN+FISH 

+*** 

+(d↑) 

Pala 2008 Workers in different 

cancer research 

laboratories 

7/25 

5/15 

2/17 

Workers divided into low 

(0.005-0.026 µg/m³) and 

high (0.026-0.269 µg/m³) 

exposure groups 

CBMN 

CA 

SCE 

- 

- 

- 

Costa, 2008(h) Pathology  30/30 Mean 0.44, range 0.04-1.58 

ppm 

CBMN 

SCE 
Comet  

+ 

+ 
+ 

Jiang, 2010 Plywood industry 151/112 0.08-6,30 ppm CBMN 
Comet 

+ 
+ 

Jakab, 2010 Pathology (women) 37/37 Mean 0.9 (range 0.23-1.21) 

mg/m³ 

CA 

SCE 

HPRT mutat. 

UDS 

Apoptosis  

+ (d↓) 

- 

- 

- 

+ 

Zhang, 2010 FA-resin workers 10/12 Average: 2.14 ppm, 

90percentile: 4.14 ppm  (g) 

Aneuploidy  + 

Viegas, 2010(i) FA-resin production 

Pathology, anatomy 

30 

 

50 

85 total controls 

TWA: 0.21; peaks to 1.04 

ppm 

TWA: 0.28; peaks up to 

5.02 ppm 

CBMN - 

 

+ 

Ladeira, 2011(i) Histopathology  56/85 TWA mean 0.16 (range 

0.04-0.51), peaks up to 

2.93 ppm 

CBMN + 
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Santovito, 2011 Pathology  20/16 Mean 0.0727; SE 0.0128  
mg/m³ 

CA + 

Zeller, 2011a Volunteers  41* Up to 0.7 ppm; 0.4 + 4 
peaks of 0.8 ppm; 

4x15 min cycling at 89 W 

CBMN 
SCE 

Comet 

Expression 

of FDH gene 

- 
- 

- 

- 

Costa, 2011(h) Pathology/anatomy 48/50 Mean 0.43, range 0.04-1.58 

ppm 

CBMN 

Comet 

+ 

+ 

Bouraoui, 2013 Pathology/anatomy 31/31 Between 0.2 and 3.4 ppm  CBMN with 

FISH 

+** 

Aydin, 2013 MDF production 46/46 0.10-0.33 ppm Comet  - 

Lin, 2013 Plywood industry 82 (controls) 

58 

38 

 

62 

0.13 mg/m³ 

0.68 mg/m³ 

1.48 mg/m³ 

(range 0.02-2.04) 

0.27 mg/m³ (before / after 

work) 

Comet  

CBMN 

DPX 

 

Comet 

DPX 

+ (a) 

+ (b) 

- 

 

+ 

+ 

Costa, 2015 (h) Pathology  84/87 Mean: 0.38 (range 0.08-

1.39) ppm, peaks up to 3.2 
ppm 

Comet 

CA 

+ (c) 

+ (c)(d↑) 

      

CBMN=cytokinesis-block micronucleus assay; CA=chromosomal 
aberrations; SCE=sister chromatid exchange; UDS=UV induced 

unscheduled DNA synthesis (UDS); DNA Protein Crosslinks: DPX; MN: 
Micronuclei without cytokinesis-block 

* blood sampling before (internal control) and after last exposure 
** significant increase only of centromere positive micronuclei 

(aneugenicity) 
*** increased micronuclei predominantly explained by aneugenicity 

 
a, b: Group comparison and trend 

+ only for number of work years, not for group comparison 
c: No association with time of exposure  

d: Aneuploidy increased/decreased  

e: Same data for DPX in Shaham et al, 1996 and 1997  
f: Large overlap of participants in 2002 and 2003 study as judged by 

exposure data 
g: Subgroup of the most highly exposed workers of a group of 43 exposed 

workers; aneuploidy measured in CFU-GM colonies.  
h: Costa et al. (2015) comprises a group of 35 individuals already studied 

in the pilot study of Costa et al. (2013); therefore this latter study is not 
listed here; whether there also is an overlap with the study population of 

Costa et al. (2008) or Costa et al. (2011) cannot be ascertained, but there 
are obvious similarities between the groups. 

i: A comparison of the control populations of Viegas et a. (2010) and 
Ladeira et al. (2011) indicates a substantial overlap. Whether this also 

relates to the pathology/anatomy groups remains unclear. Therefore these 
studies may not be considered completely independent. 
 

As can be seen in Table 3, many of the older studies (<2000) only comprised small study 

populations (apart from Shaham et al., 2002, 2003) and positive as well as negative 
results were obtained. More recent investigations often report on larger groups and 
positive genotoxic findings predominate. The cytokinesis-block micronucleus test (CBMN) 
and the comet assay are the methods most frequently applied.  

Towards very high doses, there seems to be a dose-dependency: For example, in the 
study of Costa et al (2008), the micronucleus frequency (given in permille) in exposed 



 SCOEL/REC/125 Fomaldehyde 

 

Page 29 of 77 

 

persons (5.47 ± 0.76) was close to that in controls (3.27 ± 0.69), whereas the extremely 
high exposures in the study of Bouraoui et al (2013) resulted in figures of 25.35 ± 6.28 
in exposed persons, vs. 7.08 ± 4.62 in controls. Another Chinese study reporting on 
elevated olive tail moments in the comet assay and increased micronucleus counts in 
peripheral lymphocytes in a plywood factory by Jiang et al (2010) fits into this frame, as 
the 8-hour TWA FA exposure in this study was 0.83 ppm, with individual mean exposures 
reaching up to 6.3 ppm. It can reasonably be assumed that FA peak exposures, which 
are typical for this profession, were much higher. 

But an assessment of these findings predominantly has to take into consideration that 
after inhalation in experimental animals FA does not reach systemic circulation as 
confirmed by Kleinnijenhuis et al. (2013) nor does it lead to DNA adducts (Lu et al., 
2010a,b, 2011, Moeller et al, 2011) or DPX, SCE or micronuclei (Speit et al., 2009) in 
organs distant from the site of first contact or in the blood. Therefore these findings lack 
biological plausibility and “were not considered by RAC (ECHA 2012) for inclusion in the 
discussion on classification of FA.” This mechanistic argument is still valid for the 
interpretation of the new studies. In addition further points have to be taken into 
consideration: 

1. The reliability of the scoring of micronuclei in the CBMN seems questionable. For 

instance, Ladeira et al (2011) claimed a moderately positive correlation between 

micronucleus frequency in peripheral blood lymphocytes and the duration of FA 

exposure. However, a blinded re-evaluation showed that repeated measurements 

of the same slide were highly variable not only between two scorers, but also 

when slides were evaluated by the same scorer (Speit et al 2012a) at different 

times. 

2. The applicability of the CBMN to human biomonitoring has been severely 

challenged by Speit et al (2012a) and Speit (2013a,b) based on mechanistic 

grounds. While the CBMN is well suited for in vitro testing of mutagenicity, the in 

vivo method should be rather insensitive for the detection of mutagens/clastogens 

(Speit et al, 2012a). Thus the reliability of positive results obtained with the CBMN 

in human biomonitoring is questioned because “it is highly unlikely that DNA 

damage induced by exposures toward environmental and occupational chemicals 

in vivo leads to increased micronuclei frequencies” in the CBMN (Speit, 2013a,b).  

3. Only the investigations of Orsière et al. (2006) and Bouraoui et al. (2013) 

differentiated by FISH staining whether the micronuclei scored were derived from 

clastogenicity or aneugenicity. In both studies the micronuclei predominantly 

contained the centromere indicating to the latter mechanism. But in vitro data of 

Speit et al (2011b) and Kuehner et al (2012, 2013) clearly demonstrated that FA 

predominantly leads to clastogenicity and not to aneugenicity. Therefore the 

CBMN results obtained by FISH staining again lack biological plausibility. 

4. The induction of increased DNA migration as described in human biomonitoring 

studies also lacks plausibility. Speit et al (2007) have shown in vivo, that FA only 

leads to DPX (with decreased migration) and no increases have been observed 

down to concentrations by a factor of 10,000 below those at which crosslinking 

begins. 

5. And finally, the relevance of positive SCE and micronuclei findings in 

biomonitoring studies have been questioned by Speit et al (2009) mainly because 

DPX present at the start of lymphocyte culture are removed during cell culture 

before lymphocytes start to replicate (Schmid and Speit, 2007).  

 

In conclusion, in spite of the new publications the previous assessments of SCOEL (2008) 

and RAC (ECHA, 2012) are still valid. These biomonitoring studies, based primarily on 

mechanistic considerations, cannot be taken as proof that FA leads to systemic 

genotoxicity in exposed workers. This assessment is supported by the negative results 

obtained with human volunteers in the study of Mueller et al (2013). Under these 
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conditions, Zeller et al (2011a) did not observe genotoxic effects in the CBMN, the comet 

assay, and the SCE test in blood samples taken after the last exposure. 

7.6.1.2. Toxic effects on germ cells 

The sperm count, sperm morphology and the occurrence of fluorescent bodies were 

investigated in 11 employees who carried out autopsies and were exposed to average FA 

concentrations of 0.61 to 1.32 ppm. No significant differences from the controls were 

found (Ward et al. 1984). The exposure levels were, however, low and the number of 

persons investigated small 

7.6.1.3. Toxic effects on germ cells 

The sperm count, sperm morphology and the occurrence of fluorescent bodies were 

investigated in 11 employees who carried out autopsies and were exposed to average FA 
concentrations of 0.61 to 1.32 ppm. No significant differences from the controls were 
found (Ward et al. 1984). The exposure levels were, however, low and the number of 
persons investigated small. 

7.6.1.4. Local 

Different mechanistic considerations apply for the interpretation of local genotoxicity 
because FA leads to nasal tumours in exposed rats. Speit and Schmid (2006) reviewed 
the results obtained with exfoliated nasal and buccal cells in exposed workers. They 
concluded that the published results suggest that inhalation of FA leads to increased 
micronuclei in nasal and buccal cells. But their review revealed that the effects were not 
consistent and the studies should be interpreted with caution because of lack of 
standardisation of the micronucleus test in these cells associated with a high assay 
variability. A further problem was the quality of the published studies with incomplete 
information and confounding factors. Therefore it was not possible to assess potential 
local genotoxicity in humans. 

Studies published after this review are summarised in Table 4. Similar to the review of 
Speit and Schmid (2006), Knasmueller et al (2011) concluded that genotoxicity tests in 
exfoliated human nasal cells need further standardisation of applied methods and/or that 
sufficient information on the role of confounding factors was lacking for most protocols. 

 
Table 4: Local genotoxicity in exposed workers and volunteers 
Author Study group N: 

exp./contr. 

Exp. Level Endpoint

s  

Result 

Viegas et al, 

2010 

FA-resin 

production 

Pathology, 

anatomy 

30 

 

50 

85 total 

controls 

TWA: 0.21; peak up 

to 1.04 ppm 

TWA: 0.28; peak up 

to 5.02 ppm 

Buccal 

cells 

+ 

 

+ 

Ladeira et al, 

2011 

Histopathology  56/85 TWA mean 0.16 

(range 0.04-0.51), 

peaks up to 2.93 

ppm 

Buccal 

cells 

+ 

Speit et al, 

2007a 

Volunteers  21/pre-

exposure 

values as 

negative 

control 

4 h each over 10 d: 

0.15 up to 0.5 ppm 

with 4 peaks of 1 

ppm 

Buccal 

cells 

- 

Zeller 2011a Volunteers  41/pre-

exposure 

values as 

4 h each over 5 d: 

up to 0.7 ppm; 0.4 

with 4 peaks of 0.8 

Nasal 

cells 

- 
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negative 

control 

ppm 

 

The studies presented and summarised in Table 4 generally comprise larger populations 

compared to those reviewed by Speit and Schmid (2006). While for exposed workers 
increased frequencies of micronuclei were observed with buccal cells, no increases were 
found with volunteers for nasal or buccal cells (Speit et al, 2007a; Zeller et al, 2011a). 
Therefore the findings in exfoliated, locally exposed cells lack consistency and the 
methodological critiques of Speit and Schmid (2006) and of Knasmueller et al (2011) still 
prevail. A consistent interpretation of local genotoxicity in exposed humans is not 
possible 

7.6.2. Animal data 

7.6.2.1. Systemic 

In the rat, chromatid breaks are described in cells from lung lavage after repetitive 

inhalation exposures to 15 ppm after 1 and 8 weeks of exposure, but not at lower levels 
of exposure (Dallas et al, 1992). These findings could not be reproduced when rats were 
exposted up to 15 ppm over 28 days. In lung lavage cells no increase of micronuclei was 
found and no effect in the comet assay either directly or after gamma-irradiation to test 
for DNA-protein crosslink (DPX) formation (Neuss et al, 2010b). Micronuclei (MN) in the 
gastrointestinal epithelium were reported after gavage of FA (Migliore et al, 1989). The 
significance of the study is difficult to assess as only one high oral dose was given leading 
to local hyperaemia and haemorrhage. 

Ye et al (2013) reported DPX formation in several peripheral tissues including bone 
marrow and peripheral blood mononuclear cells of mice exposed to FA concentrations 
ranging from 0.5-3.0 mg/m³ (8 h/d over 7 consecutive days). These findings are clearly 
in contrast to those of Yu et al (2015) (see below). 

7.6.2.2. Toxic effects on germ cells 

The toxic effects of FA on germ cells have been demonstrated in numerous tests with 

Drosophila (Alderson 1965, Herskowitz 1950, 1953), in particular after administration 
with the diet, and were limited to effects on early spermatocytes of the larvae (see IARC 
1982). Gaseous FA had no effect. In tests for mosaic mutations in Drosophila and in the 
Müller-5 test for recessive lethal mutations, FA yielded positive results (Szabad et al, 
1983). In a comparative test with the unstable Zeste-White assay in Drosophila 
melanogaster, FA produced somatic mutations, but no germ cell mutations (Rasmuson 
and Larsson 1992). In vitro, during the reaction of FA with adenosine, a hydroxymethyl 
adduct was produced. This kind of nucleoside modification is thought to have marked 
germ-cell-stage-specific mutagenic effects in male Drosophila larvae (Alderson 1985). 

Few studies have been carried out with mammals. In a review of the dominant lethal 
test, FA is listed with substances for which premature death of the foetuses and pre-
implantation losses were within the control range (Epstein et al, 1972). In mice (Q strain) 
given single intraperitoneal injections of a 35% FA solution (dose: 50 mg/kg body 
weight) no chromosomal changes were found in the metaphase I spermatocytes 
(Fontignie-Houbrechts, 1981). In the dominant lethal test, the number of pre-
implantation and post-implantation losses in the first week of mating was twice the 
control value (Fontignie-Houbrechts, 1981). In albino rats, marked dose-dependent 
effects were observed in the dominant lethal test in mating weeks one to three after 
intraperitoneal administration of 0.125 to 0.5 mg/kg body weight (1/4 to 1/16 of the 
lethal dose) in the form of a 37% solution stabilized with 10% methanol. Also the fertility 
of the treated male rats decreased in a dose-dependent manner (Odeigah, 1997). In 
another test the authors found an increase in the number of abnormal sperm. 
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Thus, positive results were obtained in i.p. studies. This route is likely to lead to direct 
exposure of germ cells, bypassing the systemic circulation. This is because substances 
injected into the abdominal cavity can reach the testes directly via the inguinal canal. 
The relevance for conditions of human inhalation exposure of such results must be 
questioned. 

FA can therefore be regarded as a potential germ cell mutagen in rodents, with 
mutagenic effects when it reaches the target organ and the target structures in sufficient 
amounts, as was demonstrated in the dominant lethal test with intraperitoneal injection 
of high-percentage solutions. Exposure to exogenous FA at levels which do not 
significantly increase the endogenous bioavailability of the substance is not expected to 
produce mutagenic effects on the germ cells. Specifically, this relates to exposures below 
the recommended OEL of 0.3 ppm. This is supported by toxicokinetic studies by 
inhalation in several species (see section on Toxicokinetics).  

This conclusion is in line with the assessment of the US Agency for Toxic Substances and 
Disease Registry (ATSDR, 1999) that the results of studies in humans and experimental 
animals indicate that it is very unlikely that low level exposure to FA can cause 
developmental or reproductive damage.  

7.6.2.3. Local 

In vivo, DPX were detected in the epithelium of sections of the trachea (Cosma et al. 
1988) and in the nasal epithelium of rats exposed to FA (Casanova and Heck 1987; 
Casanova et al 1989, 1994, Casanova-Schmitz and Heck 1983, Casanova-Schmitz et al. 
1984, Heck and Casanova 1995, Lam et al. 1985). In monkeys, the levels of DPX were 
highest in the mucosa of the middle turbinates; lower concentrations were produced in 
the anterior lateral wall/septum and nasopharynx. Very low concentrations were found in 
the larynx, trachea and carina tracheae and in the proximal portions of the major bronchi 
(Casanova et al. 1991). The incidences of DPX varied widely in the various regions of the 
nasal cavity, and in the monkey in the deeper sections of the respiratory passages 
(Casanova et al. 1991, 1994). The distribution of DPX correlated with the probability of 
deposition of FA dictated by the anatomy and physiology of the various sections of the 
nose (Hubal et al. 1997). 

In the nasal epithelium of F344 rats, DPX were still detected at FA concentrations as low 
as 0.3 ppm (Casanova et al. 1994). In the experiments with rhesus monkeys, they were 
also found at the lowest concentration of 0.7 ppm (Casanova et al 1988, 1991). 

Using a physiologically based pharmacokinetic model, it was calculated that in man fewer 
DPX are formed in the nasal mucosa than in the rat or monkey and DPX formation was 
lower in the monkey than in the rat (Casanova et al. 1988, 1991; see 7.1.5). 

In a long-term inhalation study with rats published by Monticello et al. (1996), point 
mutations were found in the p53 gene in 5 of 11 nasal tumours. The tumours expressed 
only the mutated gene. The role of FA in causing these mutations is unclear (Recio et al. 
1992): p53 mutations have been detected in man in tumours of various genesis. In 
rodents, however, they are rare (Wolf et al. 1995), although the finding of p53 mutations 
in rat nasal SCC and the high prevalence of p53 mutations among human nasal SCC 
indicates that a common molecular alteration is shared between rodent and human SCC 
(Recio, 1997). Often the mutations are produced secondarily during the promotion or 
progression phase. The heterogeneous spectrum of mutations in the nasal tumours of 
rats suggests, thus, an important contribution of cell proliferation at such high levels. 

Meng et al. (2010) determined mutation frequencies of the p53 and K-ras genes in the 
nasal epithelium of rats exposed to 0, 0.7, 2, 6, 10, and 15 ppm over 13 weeks. 
Although 2/5 untreated rats had measurable p53 mutant fractions, no dose related 
increases were found in treated animals. Mutation fractions were not detected for the 
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K-ras gene. It was concluded that previously observed p53 mutations likely occurred 
after another key elements of FA-induced carcinogenesis and that FA is not carcinogenic 
through a mutagenic mode of action. 

Speit et al. (2011a) studied the micronuclei formation in the nasal epithelium of rats 
exposed up to 15 ppm (6 h/d, 5 d/week, over 4 weeks). Histopathological changes and 
increased cell proliferation showed a dose response relationship corresponding to former 
studies. At the end of exposure no increase of micronuclei was found, and an increase of 
micronuclei was also not observed 3, 7, 14, or 28 days after a single dose of 
cyclophosphamide.  

Recent studies differentiating between DNA adducts formed by endogenous and 
exogenous FA after inhalation exposure are described in the section “7.9.1. Integrating 
toxicokinetics and mode of action” 

7.6.3. In vitro 

DNA adducts, DPX, strand breaks and the induction of repair were detected in vitro. FA 

also produced back mutation and forward mutation in bacteria. High concentrations of FA 

(4 mM) produced insertions, deletions and point mutations in GC base pairs in the gpt 

gene of Escherichia coli (Crosby et al, 1988). Gene mutations were detected also in 

lymphoblasts treated with FA (Liber et al, 1989). Most of the mutations were AT —> CG 

transversions at specific sites. Tests with V79 cells from the Chinese hamster, on the 

other hand, showed that although cytotoxicity parallels sister chromatid exchange (SCE) 

and micronucleus (MN) formation resulting from the formation of DPX, no gene mutation 

occurred (Merk and Speit, 1998). Chromosomal aberrations (CA) (Natarajan et al, 1983) 

and SCE (Schmid et al, 1986) were reported. Thus the mutagenic effects of FA are well-

documented from in vitro studies. 

DPX induced by FA can be removed by repair. Half-lives of 2 to 4 hours have been 

reported. Accordingly, DPX can usually no longer be detected 24 hours after exposure 

(Cosma and Marchok, 1988; Cosma et al, 1988; Craft et al, 1987; Grafström et al., 

1983, 1984; Magana-Schwenke and Moustacchi, 1980; Merk and Speit, 1998). In 

sections of the tracheal epithelium of rats, the DPX had been almost completely removed 

within 48 to 72 hours after the treatment, depending on the concentration of the instilled 

aqueous FA solutions (1.7-66.7 mM) (Cosma and Marchok, 1988; Cosma et al, 1988). 

This corresponds to a half-life of about 7 hours. Histological examination revealed 

hyperproliferation in the tracheal epithelium. The accumulation of DPX was investigated; 

because of the methods used, however, the results cannot be evaluated conclusively 

(Casanova et al, 1994).  

Schmid and Speit (2007) studied the dose-response of genotoxicity of FA in human blood 

cultures in vitro. DPX were induced at FA concentrations starting from 25 µM. However, 

DPX induced by FA concentrations up to 100 µM were completely removed before the 

lymphocytes started to replicate. SCE were induced at concentrations higher than 

100 µM, parallel to the induction of cytotoxicity, determined as reduction of the 

replication index. MN were not induced by FA concentrations up to 250 µM, the highest 

concentration that could be tested. 

Speit et al. (2007) modelled the in vitro dose response relationship for the induction of 

SCE and micronuclei in V79 cells. The dose response curve showed a clear upward trend 

with increasing FA concentration and by regression modelling a mode-of action based 

threshold was indicated for both genotoxic endpoints. 

In brief, there is consistent evidence for the genotoxicity of FA in in vitro systems, 

laboratory animals and exposed humans. DNA-protein crosslinks have been reproducibly 

detected in the nasal mucosa of rats and monkeys exposed to FA and provide a useful 

marker of genotoxicity. The biphasic behaviour of the dose-response curve for this 

genotoxic endpoint points to a steeper slope at 2-3 ppm in Fischer 344 rats; for rhesus 

Rhesus monkeys the slope is less well defined. At concentrations above 6 ppm of FA, 
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genotoxicity is greatly amplified by cell proliferation, resulting in a marked increase of 

malignant lesions in the nasal passages (IARC, 2006). 

 

7.6.4 Conclusions on genotoxicity 

There is consistent evidence for the genotoxicity of FA in in vitro systems, laboratory 

animals and exposed humans. DNA-protein crosslinks have been reproducibly detected in 

the nasal mucosa of rats and monkeys exposed to FA and provide a useful marker of 

genotoxicity. The biphasic behaviour of the dose-response curve for this genotoxic 

endpoint points to a steeper slope at 2-3 ppm in Fischer 344 rats; for rhesus monkeys 

the slope is less well defined. At concentrations above 6 ppm of FA, genotoxicity is 

greatly amplified by cell proliferation, resulting in a marked increase of malignant lesions 

in the nasal passages (IARC, 2006). 

 

7.7. Carcinogenicity 

7.7.1. Human data 

Over 25 cohort studies concerning professionals or industrial workers have examined the 
association between FA and cancer. Some have been conducted on workers exposed to 
FA in the chemical, garment, fibreglass, iron, woodworking, plastics and paper, pulp and 
plywood industries. Others are studies of professional groups (mainly health 
professionals, embalmers and funeral directors). Case–control studies have also been 
used to examine the association of FA with various cancers and, for rarer tumours such 
as sinonasal and nasopharyngeal cancer, they have the potential to provide greater 
statistical power than can normally be achieved in cohort studies. Against this advantage, 
however, must be set the difficulties in assessing retrospectively exposure to FA in 
community-based studies. 

The carcinogenicity of FA has recently been re-evaluated by IARC (2006). In particular, 
three major cohort studies previously evaluated (IARC 1982, 1995), and since then 
updated for follow-up and for exposure assessment, were considered. 

NCI cohort and leukaemias / lympho-haematopoietic cancers 

A cohort studied by the U.S. National Cancer Institute (NCI) consisted of 25,619 workers 

(865 708 person-years) employed before January 1, 1966, at one of 10 U.S. industrial 

plants and followed through December 31, 1994. Among the cohort, there were 

178 deaths from lympho-haematopoetic malignancies. Relative risks for leukaemia 

(69 deaths), particularly for myeloid leukaemia (30 deaths), increased with FA exposure. 

Compared with workers exposed to low peak levels of FA (0.1-1.9 ppm), relative risks for 

myeloid leukaemia were 2.43 (95% CI = 0.81 to 7.25) and 3.46 (95% CI = 1.27 to 

9.43) for workers exposed to peak levels of 2.0-3.9 ppm and > or = 4.0 ppm, 

respectively (P(trend) =.009). Compared with workers exposed to low levels of average 

exposure intensity of FA (0.1-0.4 ppm), workers exposed to 0.5-0.9 ppm and  

> or = 1.0 ppm average intensity had relative risks of 1.15 (95% CI = 0.41 to 3.23) and 

2.49 (95% CI = 1.03 to 6.03), respectively (P(trend) =.088). The relative risk for 

leukaemia was not associated with cumulative exposure but was weakly associated with 

duration of exposure (Hauptmann et al, 2003). 

Marsh and Youk (2004) re-analysed the data from the updated NCI cohort (Hauptmann 

et al, 2003) and reproduced the results presented by Hauptmann et al (2003). Three 

additional analyses were performed. Exposure category-specific SMRs, based on 

mortality rates for the general US population, increased with increasing peak and 

average intensity of exposure for all leukaemias combined and for myeloid leukaemia. 

Findings were similar when regional mortality rates were used. The use of alternative 

cut-points for categories of average intensity of exposure in order to achieve similar 
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numbers of deaths from the combined group of all leukaemias in each exposed category 

resulted in similar relative risk estimates to those previously observed by Hauptmann et 

al (2003). Analyses of duration of time worked in the highest peak category did not 

generally indicate higher risks among those who had experienced high peaks for a longer 

time. 

NCI cohort and nasopharyngeal cancers 

A second publication focussed on solid cancers observed in the same cohort. In this 

extended follow-up of FA-exposed workers, the authors evaluated mortality from solid 
cancers (1,921 deaths) among 25,619 workers (865,708 person-years) employed in 
10 US FA-producing or FA-using facilities through 1994. Exposure assessment included 
quantitative estimates of FA exposure. Standardized mortality ratios and relative risks 
were calculated. Compared with that for the US population, mortality from solid cancers 
was significantly lower than expected among subjects exposed and non-exposed to FA 
(standardized mortality ratios = 0.91 and 0.78, respectively). Relative risks for 
nasopharyngeal cancer (nine deaths) increased with average exposure intensity, 
cumulative exposure, highest peak exposure, and duration of exposure to FA  
(p-trend = 0.066, 0.025, <0.001, and 0.147, respectively). FA exposure did not appear 
to be associated with lung (744 deaths), pancreas (93 deaths), or brain (62 deaths) 
cancer. Although relative risks for prostate cancer (145 deaths) were elevated for some 
measures of FA exposure, the trend was inconsistent. Regarding solid cancers, some 
evidence was found in this cohort of FA-industry workers of an exposure-response 
relation with mortality from nasopharyngeal cancer (based on small numbers) but not for 
cancers of the pancreas, brain, lung, or prostate (Hauptmann et al, 2004). 

In 2002, Marsh et al published a follow-up of their independent analysis conducted at one 
of the 10 plants included in the NCI cohort, the Wallingford plant or Plant 1, together 
with a case-control analysis (Marsh et al, 2002). They concluded that the pattern of 
findings suggested that the large, persistent NPC excess observed among the Wallingford 
workers was not associated with FA exposure, and could reflect other (non) occupational 
risk factors.  

A re-analysis of the updated NCI cohort, concerning the mortality risks from 
nasopharyngeal cancer, was later presented by Marsh and Youk (2005). They pointed out 
that the statistically significant exposure-response relation for this malignancy in the NCI 
study was driven entirely by a large excess of this tumour in “Plant 1” for the highest 
peak exposure category (4+ ppm). An independent and larger re-analysis of Plant 1 
found that this excess was not associated with FA exposure. The authors concluded that 
the re-analysis provided little evidence to support the suggestion of a causal association 
between FA exposure and mortality from nasopharyngeal cancer.  

Marsh et al (2007b) conducted two additional re-analyses of the NCI cohort data which 
confirmed their previous conclusions (Marsh et al, 2002) that the elevated NPC risks in 
plant 1 were more likely due to factors external to the workplace. An additional analysis 
suggests that the increased risk of NPC might be associated with previous employment in 
the metal industry (Marsh et al, 2007a). 

The second major study considered by IARC was also from the United States (NIOSH). 
To evaluate the mortality experience of 11,039 workers exposed to FA for three months 
or more in three garment plants. The mean time weighted average FA exposure at the 
plants in the early 1980s was 0.15 ppm but past exposures may have been substantially 
higher. Vital status was updated through 1998, and life table analyses were conducted. 
Mortality from all causes (2206 deaths, standardised mortality ratio (SMR) 0.92, 95% CI 
0.88 to 0.96) and all cancers (SMR 0.89, 95% CI 0.82 to 0.97) was less than expected 
based on US mortality rates. A non-significant increase in mortality from myeloid 
leukaemia (15 deaths, SMR 1.44, 95% CI 0.80 to 2.37) was observed. Mortality from 
myeloid leukaemia was greatest among workers first exposed in the earliest years when 
exposures were presumably higher, among workers with 10 or more years of exposure, 
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and among workers with 20 or more years since first exposure. No nasal or 
nasopharyngeal cancers were observed. Mortality from trachea, bronchus, and lung 
cancer (147 deaths, SMR 0.98, 95% CI 0.82 to 1.15) was not increased. Mortality from 
leukaemia was increased almost twofold among workers with both 10 or more years of 
exposure and 20 years or more since first exposure (15 deaths, SMR 1.92, 95% CI 
1.08 to 3.17). Mortality from myeloid leukaemia among this group of workers appeared 
also significantly increased (8 deaths, SMR 2.55, 95% CI 1.10 to 5.03). It was concluded 
that the results supported a possible relation between FA exposure and myeloid 
leukaemia mortality. Limitations of the study include limited power to detect an excess 
for rare cancers such as nasal and nasopharyngeal cancers and lack of individual 
exposure estimates (Pinkerton et al, 2004). 

The third major study considered by IARC had been conducted in the U.K. This study 
extended by 11 years the follow-up of an existing cohort of 14,014 men employed after 
1937 at six British factories where FA was produced or used. Subjects had been identified 
from employment records, and their jobs had been classified for potential exposure to 
FA. Standardized mortality ratios (SMRs) were derived using the person-years method 
and were compared with the expected numbers of deaths for the national population. 
During follow-up through December 31, 2000, 5185 deaths were recorded, including two 
from sino-nasal cancer (2.3 expected) and one from nasopharyngeal cancer 
(2.0 expected). Relative to the national population, mortality from lung cancer was 
increased among those who worked with FA, particularly in men in the highest of four 
estimated exposure categories (>2 ppm) (SMR = 1.58, 95% confidence interval  
= 1.40 to 1.78), and the increase persisted after adjustment for local geographic 
variations in mortality (SMR = 1.28, 95% confidence interval = 1.13 to 1.44). However, 
there was a statistically non-significant decrease in the risk of death from lung cancer 
with duration of high exposure (P(trend) =.18), and this risk showed no trend with time 
since first high exposure (P(trend) =.99) (Coggon et al, 2003).  

The IARC (2006) Working Group concluded that there was sufficient evidence in humans 
that FA causes nasopharyngeal cancer, on the grounds that there was a statistically 
significant excess of deaths from nasopharyngeal cancer in the largest and most 
informative cohort study of industrial workers (Hauptmann et al., 2004), with statistically 
significant exposure-response relationships for peak and cumulative exposure. These 
conclusions were proposed to be re-evaluated (SCOEL, 2008) in light of the studies 
conducted by Marsh and colleagues (Marsh et al., 2002; Marsh and Youk, 2005; Marsh et 
al. 2007a,b). An excess of deaths from nasopharyngeal cancer was also observed in a 
proportionate mortality analysis of the largest US cohort of embalmers (Hayes et al., 
1990), and an excess of cases of nasopharyngeal cancer was observed in a Danish study 
of proportionate cancer incidence among workers at companies that manufactured or 
used FA (Hansen and Olsen, 1995). Although other cohort studies reported fewer cases 
of nasopharyngeal cancer than expected (Walrath and Fraumeni, 1983; Coggon et al., 
2003; Pinkerton et al., 2004), the Working Group noted that the deficits were small and 
the studies had low power to detect an effect on nasopharyngeal cancer. Of seven case-
control studies of nasopharyngeal cancer (Olsen et al, 1984; Vaughan et al, 1986a,b; 
Roush et al, 1987; West et al, 1993; Armstrong et al, 2000; Vaughan et al, 2000; 
Hildesheim et al, 2001), five found elevations of risk for exposure to FA. 

It was mentioned that leukaemia mortality, primarily myeloid-type, was increased in six 
of seven cohorts of embalmers, funeral-parlour workers, pathologists, and anatomists. 
These findings had previously been discounted by IARC because an increased incidence 
of leukaemia had not been seen in industrial workers. The recent updates, however, 
reported a greater incidence of leukaemia in two cohorts of US industrial workers and US 
garment workers, but not in a third cohort of United Kingdom chemical workers. A recent 
meta-analysis found that, overall, the relative risk for leukaemia was increased and did 
not vary significantly among studies (Collins and Lineker, 2004). Several case-control 
studies had associated exposure to FA with sinonasal adenocarcinoma and squamous-cell 
carcinoma. However, confounding from wood dust exposure occurred in these studies, 
and no excess of sinonasal cancer was reported in the updated cohort studies. The IARC 
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Working Group concluded that there was limited evidence in humans that FA causes 
sinonasal cancer (IARC, 2006). 

Several case-control studies associating exposure to FA with sino-nasal adenocarcinoma 
(possibly confounded by wood dust) and squamous-cell carcinoma were key for the 
conclusion of IARC that FA could cause nasopharyngeal cancer in humans (IARC, 2006). 
In addition, IARC reconfirmed that there is sufficient evidence that FA can cause 
nasopharyngeal cancer and additionally that there was sufficient evidence that FA can 
cause leukaemia, but limited evidence that FA can cause sinonasal cancer in humans 
(IARC, 2012). 

A recent joint EU evaluation of cancer hazard has been performed by RAC (ECHA, 2012). 
By long-term inhalation in rats and mice, nasal SCC and benign tumours (papillomas and 
adenomas) were the key effects. Also, RAC evaluated the epidemiological studies, 
including their strengths and weaknesses, and found the key effect to be nasopharyngeal 
cancer. Based on the overall consistency within and between species, and biological 
plausibility (comprising genotoxic effect of FA), RAC concluded that there is “limited 
evidence of carcinogenicity in humans (Car. 1B)”; the human evidence was from 
nasopharyngeal cancer. RAC concluded further that “no evidence of induction of tumours 
at distant sites and in particular in the lympho-haematopoietic system was obtained by 
inhalation”.  

A somewhat different conclusion was reached by NRC (2014), which found that there was 
a clear and convincing epidemiological evidence of a causal relationship between FA 
exposure and occurrence of nasopharyngeal and sinonasal cancer, and myeloid 
leukaemia; carcinogenic effect at any additional sites does not meet the requirement of 
limited evidence. Sufficient evidence was accepted if at least two strong or moderately 
strong studies with different study design and populations showed an association 
between FA exposure and a specific cancer type and for which chance, bias and 
confounding could reasonably be ruled out. An epidemiological study was considered 
strong if it comprised a large population with long duration of exposure and sufficient 
follow-up for latency, had an appreciable FA gradient, and the FA exposure being well 
characterized. Acceptance of a systemic carcinogenic effect does not require that the 
mechanism is known or FA being systemically available. Also, the presence of negative 
finding did not necessarily negate positive findings. It is noted that limitations of the key 
studies were not addressed. The different conclusions are due to differences in evaluation 
procedures. All recent studies considered strong by NRC (Beane Freeman et al, 2009, 
2013; Hauptmann et al, 2009; Meyers et al, 2013) are considered below. 

For recent discussions, the further epidemiological studies of human FA exposure and 
lympho-haematopoietic and nasopharyngeal cancers have been pivotal. One (Beane 
Freeman et al., 2009, 2013) was an update of mortality in a retrospective NCI cohort of 
industrial workers as shown in Table 5, and the study of Hauptmann et al. (2009) was a 
proportional mortality and case-control study among embalmers. Both studies included 
subjects with considerable exposure to FA and both were focussed on myeloid 
leukaemias. There is also an update of the US NIOSH garment industry cohort mortality 
study (Meyers et al, 2013) and British cohort from six factories (Coggon et al, 2014). 
Also, a Finnish (Siew et al, 2012) and an Italian cohort (Pira et al, 2014) have been 
studied.  
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Table 5. Exposure-dependent effect of FA on development of nasopharyngeal cancer in 
the three formaldehyde exposure metrics in the US National Cancer Institute Cancer 
Cohort. 

The reference group was the lowest exposure category in each exposure metric (Beane 
Freeman et al., 2013). The cohort comprises 25,619 workers.  Numbers of NPC cases are 
indicated by N and a significant increase is indicated in bold. 

Peak exposure Average intensity Cumulative exposure 
ppm RR (95%CI)    (N) ppm RR (95%CI)     (N)     ppm x 

year 

RR (95%CI)    

(N) 

0 4.4 (0.3-54)      

(2) 

0 6.8 (0.5-84)       (2)  0 1.9 (0.3-12)      

(2) 

>0 - 

<2.0 

RR=1              (1) 

Reference 

0.1-0.4 RR=1                 

(1) 

Reference 

>0-<1.5 RR=1               

(4) 

Reference 

2. 0- 

<4.0 

NAa)                 

(0) 

Apparent NOAEL 

0.5-0.9 2.4 (0.15-39)      

(1) 

Apparent NOAEL 

1.5-<5.5 0.86 (0.1-7.7)   

(1) 

Apparent NOAEL 

≥ 4.0 7.7 (0.9-62)      

(7) 

≥1 12 (1.4-97)         

(6) 

≥5.5 2.9 (0.6-13)      

(3) 

P (trend FA groups)=0.005 

P (trend FA groups + 

controls)=0.10 

P (trend FA groups)=0.09 

P (trend FA groups + 

controls)=0.16 

P (trend FA groups)=0.06 

P (trend FA groups + 

controls)=0.07 

a) Not applicable (NA). 

In the NCI FA cohort, previously followed through 31 December 1979 and updated 

through 31 December 1994, FA exposure was found associated with an increased risk for 
leukaemia, particularly myeloid leukaemia, which increased with peak and average 
intensity of exposure (see SCOEL 2008). Beane Freeman et al (2009) extended the 
follow-up through 31 December 2004 (median follow-up = 42 years), for 25 619 workers 
employed at one of 10 FA-using or FA-producing plants before 1966. When follow-up 
ended in 2004, there were statistically significant increased risks for the highest vs. 
lowest peak FA exposure category ≥ 4 ppm vs. > 0 to < 2.0 ppm) and all lympho-
haematopoietic malignancies [relative risk (RR) = 1.37; 95 % confidence interval (CI) = 
1.03–1.81, P trend = 0.02] and Hodgkin’s lymphoma (RR = 3.96; 95 % CI = 1.31–
12.02, P trend = 0.01). Statistically non-significant associations were observed for 
multiple myeloma (RR = 2.04; 95 % CI = 1.01–4.12, P trend > 0.50), all leukaemia (RR 
= 1.42; 95 % CI 0.92–2.18, P trend = 0.12) and myeloid leukaemia (RR = 1.78; 95 % 
CI = 0.87–3.64, P trend = 0.13). There was little evidence of an association for lympho-
haematopoietic malignancy with average intensity or cumulative exposure at the end of 
follow-up in 2004. However, disease associations varied over time. For peak exposure, 
the highest FA-related risks for myeloid leukaemia occurred before 1980, but trend tests 
attained statistical significance in 1990 only. After the mid-1990s, the FA-related risk of 
myeloid leukaemia declined (Beane Freeman et al, 2009). 

Beane Freeman et al (2013) further extended the follow-up of the NCI cohort of workers 

in FA industries (n = 25 619) through 2004. During 998 239 person-years, 13 951 

deaths occurred. With one additional death, albeit occurring in the lowest exposure 

category, previously observed excesses for nasopharyngeal cancer (n = 10) persisted for 

peak, average intensity and cumulative exposure; RRs in the highest exposure categories 

were 7.66 (95 % CI: 0.94–62.34), P-trend = 0.005, 11.54 (95 % CI: 1.38–96.81), P-

trend = 0.09, and 2.94 (95 % CI: 0.65–13.28), P-trend = 0.06, respectively. For all 

cancer, solid tumours and lung cancer, standardised mortality ratios (SMRs) among 

exposed workers were reported to be elevated, but internal analyses, as described by the 
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authors, revealed no positive associations with FA exposure. Subsequent to this 

publication, criticism was raised regarding the data in the NCI cohort study (Marsh et al 

2014), which included limitations of the statistical methods (instability of the reference 

group where only one nasopharyngeal cancer case was present, limitations in the trend 

test, and not adequately having addressed heterogeneity between plants), using non-

significant results in interpretations and lack of consistency with other major cohorts. The 

limitation of the previous update is also relevant for the new update. Six of 10 previously 

observed nasopharyngeal cancers were observed in one, the Wallingford plant, whereas a 

decreased risk of nasopharyngeal cancer was observed in the other nine plants. Many of 

the cases from the Wallingford plant had a short and low average intensity of FA 

exposure, and the cancers may have been due to external employment in the ferrous 

and non-ferrous metal industries (Marsh et al. 2007a). Also, there is a lack of consistency 

across studies, as no excess of nasopharyngeal cancer was observed in other 

comprehensive studies (Coggon et al, 2014; Hauptmann et al, 2009; Meyers et al, 2013; 

Pira et al, 2014; Siew et al, 2012). 

Recently, a follow-up has been conducted on the US NIOSH garment industry cohort 

(Meyers et al, 2013), which is one of the three largest prospective cohorts. The study 

comprised 11 043 workers. Causes of death were obtained from 99.7 % (3 904) of the 

identified deaths. About 77 % had year of first exposure in 1970 or earlier. In the early 

1980s, personal FA sampling was performed among 549 employees. The geometric mean 

FA concentration was 0.15 ppm with a geometric standard deviation of 1.90. No 

exposure data was available before this time, but FA concentrations were believed to 

have decreased over time. SMRs (and 95 % CIs) were calculated and, in addition, 

internal comparisons were made using directly standardised rate ratios (SRRs and 

95 % CIs) for “duration of exposure”. 

The SMRs were similar to that of the US population for all cancers, for lympho-

haematopoietic cancers (leukaemias, Hodgkin disease, non-Hodgkin lymphoma, and 

multiple myeloma), for buccal cavity and pharyngeal cancers, for respiratory cancers, 

and for brain cancer and other parts of the nervous system. Stratifying SMRs for “year of 

first exposure” (< 1963, 1963–1970, ≥ 1971) neither showed significant associations for 

lympho-haematopoietic cancers, for trachea, bronchus and lung cancer, and for brain 

cancer and other parts of the nervous system, nor was this the case with SMRs for “time 

since first exposure (< 10, 10–19, ≥ 20 years). Associations between “duration of FA 

exposures” (< 3, 3–9, ≥ 10 years) and risks of cancer were studied with SMRs and SRRs. 

There was no exposure-dependent increase in risks for lympho-haematopoietic cancers 

and non-Hodgkin lymphoma. The risks increased with the length of the exposures for 

leukaemia, myeloid leukaemia and acute myeloid leukaemia, but were not statistically 

significant. For multiple myeloma, the SMRs for the exposure groups were 1.16 (0.50–

2.29), 2.03 (1.01–3.64) and 0.64 (0.17–1.64), respectively, and the SRRs were 1.00 

(reference), 1.22 (0.46–3.26) and 0.28 (0.08–099), respectively. For trachea, bronchus 

and lung cancer, the SMRs were 1.23 (1.02–1.46), 1.14 (0.91–1.41) and 0.71 (0.53–

0.91), respectively, and the SRRs 1.00 (reference), 1.00 (0.75–1.33) and 0.74 (0.48–

1.13), respectively. Thus, where the values were statistically significant, they were not 

associated with the length of exposure. Nevertheless, among persons with ≥ 10 years of 

exposure and ≥ 20 years since first exposures, the risk for leukaemia (23 deaths, SMR: 

1.74 (1.10–2.60)) was significantly increased when multiple causes of death were 

considered.  

Additionally, the association between duration of exposure and leukaemia (36 cases) and 

myeloid leukaemia (21 cases) was studied using four multivariate Poisson regression 

models (adjusted for age, year of birth and years since first exposure), where exposures 

were either untransformed or transformed (log, square root, and categorical  

(< 1.6 (reference), 1.6– < 6.5, 6.5– < 16, 16– < 19 and ≥ 19 years)). Only the 

untransformed model for leukaemia and the categorical model for myeloid leukaemia 

were statistically significant. Nevertheless, for leukaemia and myeloid leukaemia, the 

rate ratio was significantly increased in the fourth category (4.56 (1.30–16.2) and  

6.42 (1.40–32.2), respectively), but not for the other (2th, 3th and 5th) categories.  



 SCOEL/REC/125 Fomaldehyde 

 

Page 40 of 77 

 

The SMR for chronic obstructive disease was increased (1.16, CI: 1.00–1.34), as was the 

SMR (1.46; 1.08–1.93) for the year of first exposure in the period 1963–1970), the SMR 

(1.16; 1.00–1.35) for ≥ 20 year for time since first exposure, and the SMRs for duration 

of exposure (< 3, 3–9 and ≥ 10 years), which were 1.44 (1.13–1.80), 1.16 (0.87–1.51) 

and 0.94 (0.72–1.21), respectively.  

The authors concluded that the study showed limited evidence of an association between 

FA exposure and leukaemia, but little evidence for an increased risk of mortality from 

buccal cavity, pharyngeal (including nasopharyngeal), respiratory and brain cancer, and 

for Hodgkin disease. Limitations of the study are lack of quantitative FA exposures and 

lack of ability to take smoking into account. 

A meta-analysis of Schwilk et al. (2010) focussed on high-exposure groups and myeloid 

leukaemia. The analysis included two large studies in particular: one involving > 25 000 

workers in US FA industries and the other involving a cohort of > 13 000 funeral 

directors and embalmers. FA was found associated with increased risks of leukaemia  

(RR = 1.53; 95 % CI = 1.11–2.21; p = 0.005; 14 studies), specifically myeloid 

leukaemia (RR = 2.47; 95 % CI = 1.42–4.27; p = 0.001; 4 studies). This study was 

interpreted by the authors to provide evidence of an increased myeloid leukaemia risk 

with high exposures to FA. However, the analysis has been criticised to suffer from 

methodological shortcomings. The study did not use all available information. The chosen 

highest exposure cut points varied across the combined studies, which introduced 

heterogeneity; the homogeneity tests used in the study were considered insensitive. 

Predictive intervals are recommended instead of confidence intervals and the findings of 

elevated leukaemia and myeloid leukaemia risks were far from significant if using these 

techniques in the data analyses (Morfeld, 2013). 

Hauptmann et al (2009) investigated the relation of mortality to work practices and FA 

exposure levels among American embalmers in a case-control study. Professionals 

employed in the American funeral industry who died between 1 January 1960 and 1 

January 1986 from lympho-haematopoietic malignancies (n = 168), brain tumours (n = 

48) or nasopharyngeal cancers (n=4) were compared with deceased matched controls (n 

= 265) with regard to lifetime work practice. Exposures in the funeral industry were 

obtained by interviews with next of kin and co-workers, and predictive models to 

estimated levels of FA exposure. Mean peak concentrations were 8.1-10.5 ppm (model 

predicted as the maximum 15-minute average intensity ever experienced over all 

embalmings over all years) and average FA intensity 1.5-1.8 ppm while embalming. 

Cases were exposed for about 32 years. With one myeloid leukaemia in the reference 

group, odds ratio (OR (95% CI)) for myeloid leukaemia was 11.2 (1.3-95.5) in the ever 

embalming versus the never embalming group. Mortality from myeloid leukaemia 

increased statistically significantly only with increasing number of years of embalming  

(P for trend = 0.020) and with increasing peak FA exposure (P for trend = 0.036). There 

was no significant trend in any of the exposed group (duration of years with embalming, 

number of embalmings, cumulative FA exposure, average FA exposure while embalming, 

8-hour TWA FA intensity and peak FA exposure) within the exposed groups themselves 

(P for trend=0.58-0.98). Odds ratios (ORs) were roughly about 10 (range: 5 to 15) in 

exposed groups. To increase stability of the risk estimates, subjects who performed 

fewer than 500 lifetime embalmings were used as the reference group. The OR in this 

analysis was roughly about 3 (range: 0.5-3.9) in the “exposed” groups. No true trend 

tests are available for this evaluation as the authors without explanation adhered the 

results of the trend tests from the first (unstable) analysis to this (more stable) analysis. 

However, ORs for myeloid leukaemia were significantly increased for duration of years 

with embalming at >20-34 years and >34 years, which was 3.2 (1.0-10.1) and 3.9  

(1.2-12.5), respectively, with the highest number of embalmings (>3068), 3.0 (1.0-9.2), 

and at the highest cumulative FA exposure (ppm x hours: > 9253), 3.1 (1.0-9.6). 

Exposures were not related to lymphohaematopoietic malignancies of the lymphoid 

organs (non-Hodgkin lymphoma, multiple myeloma, all lymphoma and Hodgkin disease) 

or to monocytic leukaemia, polycythaemia vera or myelofibrosis, brain cancer or 

nasopharyngeal cancer (0.1 (0.01-1.2)). It was concluded by the authors that duration of 
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embalming and related FA exposures in the funeral industry were associated with 

statistically significantly increased risk for mortality from myeloid leukaemia.  

In response to this study, Cole et al (2010) indicated that a significant excess of 

mortality from any form of lympho-haematopoietic cancer was not reported, and 

challenged the interpretation of the authors. Checkoway et al. (2012) reviewed and 

summarised the total published epidemiological literature in the PubMed database of the 

National Library of Medicine during 1966–2012. The literature was categorised according 

to study design and population: industrial cohort studies, professional cohort studies and 

population-based case-control studies. It was found that findings from occupational 

cohort and population-based case-control studies were very inconsistent for lympho-

haematopoietic malignancies, including myeloid leukaemia. Apart from some isolated 

exceptions, relative risks were close to one, and there was little evidence for dose-

response relations for any of the lympho-haematopoietic malignancies. It was concluded 

that at present, there is no consistent or strong epidemiologic evidence that FA is 

causally related to any lympho-haematopoietic malignancy. The absence of established 

toxicological mechanisms was found to further weaken the arguments for causation. This 

view was seconded by a meta-analysis of epidemiological data on FA exposure and risk of 

leukaemia and risk of nasopharyngeal cancer by Bachand et al (2010). Moreover, a 

critical review and data re-analysis by Gentry et al (2013), in combination with 

toxicological and mechanistic studies, did not support a mechanism for a causal 

association between formaldehyde exposure and myeloid or lymphoid malignancies. 

Airway cancers associated with FA exposures were studied in a Finnish cohort with 1.2 

million employees. All men born between 1906 and 1945, and employed during 1970 

were included. The follow-up was in the Finnish Cancer Register for nasal cancer  

(292 cases), cancer of the nasopharynx (149 cases) and lung cancer (30 137 cases) 

during the period 1971–1995. The Finnish job-exposure matrix was used to estimate 

exposures. Duration of exposure was estimated from census data. A latency period of 20 

years was accepted. Number of exposed cases (N), relative risk (RR) obtained by 

comparison with unexposed, and 95 percent confidence intervals were estimated (N; RR 

(95 % CI)). The risks of nasal cancers (17; 1.1 (0.6–1.9), nasal squamous cell carcinoma 

(9; 1.0 (0.4–2.0)) and nasopharyngeal cancer (5; 0.9 (0.3–2.2)) were not increased. The 

risk was slightly increased for lung cancer (1 831; 1.2 (1.1–1.3)). However, the risk in 

the highest exposure group (≥ 1 ppm) was not increased. Thus, the authors considered 

the increased risk to be due to residual confounding effects of smoking and co-

exposures, including asbestos and crystalline silica. FA exposures were below 1 ppm in 

most occupations. Only flour layers, and varnishers and lacquers had average exposures 

at 1 ppm (Siew et al 2012). Overall, this study found no increase in portal-of-entry 

cancer at low FA concentrations in occupational settings. 

A follow-up through December 2012 was conducted in the British (UK) cohort from six 

factories (see SCOEL/SUM/125) comprising 14 008 men in the period 1941–2012 

(Coggon et al 2014). In the period, 7 378 men had died. 3,991 were at some time highly 

exposed. In the whole population, the standardised mortality ratio [SMRs (95 % CI)] for 

all cancers [1.10 (1.06–1.15)], stomach [1.29 (1.11–1.49)], rectum [1.23 (1.01–1.49)], 

and for lung cancer [1.26 (1.17–1.35)] was significantly increased based on the national 

death rate for England and Wales. Prostate cancer was significantly decreased  

[0.80 (0.68–0.94)]. No significant increase was seen for cancer on the lips, tongue, 

mouth, oesophagus, large intestine, liver, pancreas, bladder, kidneys, brain and nervous 

system, pharynx, nose and nasal sinuses, larynx and for the different hematopoietic 

malignancies. The cohort was stratified for levels of exposure, where the exposure was 

>2 ppm in the high exposure group. Significantly increased SMR in the high exposure 

group was observed for all cancers [1.28 (1.20-1.37)], cancer in the oesophagus  

[1.45 (1.03–1.98), stomach (1.51 (1.18–1.90)], lungs [1.59 (1.42–1.77)] and the lips 

[9.98 (1.21–36.04); observed/expected: 2/0.2]. No increase was seen for non-Hodgkin 

lymphoma [0.90 (0.48–1.55)], multiple myeloma [1.18 (0.57–2.18)], leukaemia  

[0.82 (0.44–1.41)] and myeloid leukaemia 0.93 [0.40–1.82)]. Exposure in the high 

exposure group was further stratified for duration of exposure (<1 year, 1–14 years and 
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≥ 15 years). For oesophagus and lung cancer, the SMR was highest in the group with the 

shortest exposure (< 1 year), and for stomach and rectum cancer the SMRs were largely 

independent of the length of the exposure period. Additionally, the authors included a 

nested case-control analysis of cancer in the upper airways, larynx, mouth, pharynx, 

tongue, and for all leukaemia and myeloid leukaemia. ORs for these cancers were 

independent of the duration of the exposure. The authors ascribed the increases in risk 

estimates to non-occupational confounding factors, which may include smoking and 

socioeconomic factors and concluded that the study provided no evidence that FA posed 

an increased hazard either of upper airway cancer or of myeloid leukaemia. It was noted 

that the study was not able to take smoking and socioeconomic factors into account.  

Also, an Italian cohort with subjects employed in a factory producing laminate plastic, 

decorative papers and craft papers, using phenolic and melamine resins, has been 

established (Pira et al, 2014). The major risk was considered to be FA exposure, but FA 

concentrations were not reported. The cohort comprised 2750 employees from the period 

1947 to 31 May 2011, who have been employed at least 180 days. Data on survival 

(80.3%), death (16.6%, N=457) and emigration (3.1%) were collected. Cause of death 

could not be retrieved for 26 out of 457 (5.7%) deceased employees. Person-years of 

observation were 70,933 in the analysis. Expected number of death (E) and SMRs were 

obtained by comparison with the regional deaths rates. Observed deaths (O) and SMR 

(O, SMR (95%CI)) for lymphoma (4; 0.74 (0.20-1.90), myeloma (O/E=0/2.3), 

leukaemia (5; 0.92 (0.30-2.15) and for all lympho-haematopoietic neoplasms  

(9; 0.69 (0.31-1.30) were not increased. Neither was an increased risk of cancer 

observed for all cancers (149; 0.80 (0.68-0.94). The risk was non-significantly increased 

for oral and pharynx cancer (9; 1.49 (0.68-2.82) and for bladder cancer  

(10; 1.51 (0.72-2.77)). For oesophagus, stomach, colorectal, liver, pancreas, larynx, 

lung, breast, prostate, kidney, and brain and CNS cancer, the SMRs were below one. The 

study has a long follow-up period, but a limitation is the lack of quantitative FA 

exposures. 

7.7.2. Animal data 

In a 2-year inhalation study with F344 rats, squamous cell carcinomas of the nose were 

observed. Exposure was to FA concentrations of 0, 2.0, 5.6 and 14.3 ppm, for 6 
hours/day on 5 days/week. All the animals exposed to FA developed rhinitis, epithelial 
dysplasia and metaplasia in the nasal cavity. After 18 months, 15/40 animals of the high 
exposure group had developed hyperplasia. In all the groups exposed to FA, metaplasia 
preceded dysplasia. If the exposure was interrupted for longer than 3 months, the rhinitis 
and metaplasia began to regress. After 24 months, squamous cell carcinomas were found 
in the nasal cavities only in the middle dose group (0.9 %) and in the high dose group 
(44 %). In the high dose group, undifferentiated carcinomas and sarcomas were also 
found. Also the number of polypoid adenomas was slightly increased in the male animals. 
The total tumour incidence in the high dose group was 48.7 % (Kerns et al. 1983, 
Swenberg et al. 1980). The formation of nasal tumours in the rat after high level 
exposure to FA (> 6 ppm) has been confirmed in other studies (Feron et al., 1988; 
Monticello et al, 1996; Woutersen et al, 1989). 

In another long-term study over 28 months, F344 rats were exposed to FA 
concentrations of 0, 0.3, 2.0 and 15 ppm for 6 hours/day, 5 days/week. Although 
keratinizing squamous cell carcinomas were found only in the high dose group (in 13 of 
32 animals), the incidence of epithelial hyperplasia and metaplasia of the nasal 
respiratory mucosa was significantly increased in all exposed groups. As inflammatory 
infiltration of the nasal mucosa, erosion and oedema were described in both the controls 
and the exposed animals, the possibility cannot be excluded that the hyperplasia and 
metaplasia were caused by the interaction of FA and inflammatory damage to the nasal 
mucosa (Kamata et al, 1997). Therefore, this study cannot be included in the present 
assessment. Gelbke et al (2014) analysed this study in detail and found important 
deficiencies in reporting of the histopathological findings. Putting this study into context 
with the whole database available including the most recent investigations, they arrived 
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at the conclusion that that a NOAEC for histopathological lesions in the upper respiratory 
tract of experimental animals can be defined at 1 ppm.  

In a 2-year inhalation study with B6C3F1 mice exposed to FA concentrations of 0, 2.0, 
5.6 or 14.3 ppm for 6 hours/day on 5 days/week, squamous cell carcinomas of the nasal 
cavity were found in only 2/240 animals (0.8 %) of the high dose group. Epithelial 
metaplasia and dysplasia of the respiratory epithelium were, however, also observed 
(Kerns et al., 1983). 

In hamsters exposed to concentrations of 10 or 30 ppm, no tumours were found (Dalbey, 
1982; IARC, 1995; WHO, 1989) and the incidence of non-neoplastic changes of the nasal 
epithelium was low. 

FA was administered in the drinking water for 2 years to Wistar rats in doses of 0, 10, 50 
or 300 mg/kg body weight and day (Tobe et al., 1989) and 0, 1.2, 15 or 82 mg/kg body 
weight and day for male animals and 0, 1.8, 21 or 109 mg/kg body weight and day for 
female animals (Til et al., 1989). No changes were produced with doses up to 10 mg/kg 
body weight and day, and 15 and 21 mg/kg body weight and day, respectively. In almost 
all animals given doses from 50 mg/kg body weight, and 82 and 109 mg/kg body weight, 
histopathological changes in the forestomach (hyperplasia, keratinisation) and 
inflammation and ulcers of the glandular stomach were found. In addition, at doses of 82 
and 109 mg/kg body weight per day, food and liquid consumption, and body weight 
gains were reduced. There was no increase in the incidence of tumours (Tobe et al., 
1989; Til et al., 1989). Til and associates note, however, that some of the 
histopathological changes they classified as hyperplasia could have been classified as 
papillomas by other pathologists. In the study of Til et al. (1989), also renal changes 
(increased relative kidney weights, necrosis), and changes in the composition of the 
urine were observed in the female animals of the high dose group; the authors attribute 
this to the reduced drinking-water consumption. 

In another drinking-water study, FA was administered to 7-week-old male and female 
Sprague-Dawley rats for 104 weeks in concentrations of 0, 10, 50, 100, 500, 1000 or 
1500 mg/l drinking-water. In addition, 25-week-old male and pregnant female animals, 
and later their offspring were given FA in concentrations of 0 or 2500 mg/l. Reduced 
body weights were found only in the animals (offspring) exposed from the embryonal 
phase. In the animals of the groups exposed to FA concentrations of 50 mg/l and above 
and the animals of the 2500 mg/l group, the incidence of leukaemia (lymphoblastic 
leukaemia, lymphosarcomas) was increased in a dose-dependent manner (controls 3.5%, 
10 mg/l: 3.0%, 50 mg/l: 9%, 500 mg/l: 12%, 1000 mg/l: 13%, 1500 mg/l: 18%, 
2500 mg/l: 11.1 %). Data for the statistical significance of the findings or for the 
historical controls were not given by the authors (Soffritti et al., 1989). Despite criticism 
of this study, IARC (1995) regarded these data as being dose-dependent and 
significantly different from the data for the controls. Benign and malignant 
gastrointestinal tumours, which according to Sofritti et al. are very rare in this strain of 
rat (all incidences < 0. l%), were increased in particular in the animals of the following 
groups: 1000 mg/l (l%: leiomyosarcomas), 1500 mg/l (2%: adenomas) and 2500 mg/l 
(parent animals: 2.8%: papillomas and acanthomas, 2.8%: adenocarcinomas; offspring: 
1.4%: adenomas, 1.4%: squamous cell carcinomas, 1.4%: adenocarcinomas, 2.7%: 
leiomyosarcomas) (Soffritti et al. 1989). The validity of this study has been questioned as 
a result of its conduct and the methods used (Feron et al., 1990). 

Soffritti et al. (1989, 2002) reported about a 104 week study in male and female 
Sprague-Dawley rats exposed to 10, 50, 100, 500, 1000, 1500 and 2500 mg/l FA in 
drinking water. Animals were kept until spontaneous death. An increase of malignant 
tumours at various sites was noted, in particular of gastro-intestinal tumours and 
leukaemias. The study is difficult to evaluate because it was not conducted according to 
GLP standards and documentation has not been sufficient. Several deficiencies were 
noted by IARC (2006), among others the unexplained substantial increase for the total 
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number of animals with haemo-lymphoreticular neoplasms reported after the extensive 
histopathological examinations in 1989 and 2002. 

With repeated exposures from 6 to 22 hours per day in rats and monkeys, the 
histopathologic NOAEC was 1 ppm for damage of the nasal epithelium. This suggested 
that the FA concentration may be more important for cytotoxicity than the total FA dose. 
In rats, FA caused nasal squamous cell carcinoma (SCC), which is the critical cancer type 
in rats. Fischer 344 and Sprague-Dawley rats were more sensitive in developing SCC 
than Wistar rats, mice and hamster. Results from four long-term studies with the 
sensitive rat strains showed an apparent NOAEC for SCC at 2 ppm and an apparent 
LOAEC at 6 ppm (Nielsen and Wolkoff 2010; Nielsen at al., 2013). In rats, epithelial cell 
damage-induced cell proliferation was shown experimentally to be a key mechanism for 
development of SCC; in Wistar rats, no SCC could be induced at ≤ 1 ppm FA even with 
induced cell proliferation (Woutersen et al., 1989). In addition to SCC in rat nose, FA 
exposure could also induce a lower number of (benign) polypoid adenomas at high FA 
levels. This type of lesion is unlikely to be pre-stage of the (malignant) SCC (Gelbke et al 
2014) and thus not considered a key effect.  

In rats and mice, long-term inhalation of FA has not shown convincing development of 
lymphohematopoetic malignancies (WHO, 2010; Nielsen and Wolkoff, 2010; Golden, 
2011; Rhomberg et al., 2011). Nevertheless, if such an effect had been masked by a 
high mortality in rats (IARC, 2012) and mice (WHO, 2010; IARC, 2012) due to 
development of nasal SCC at the high exposure levels, the incidence would be much 
lower than for SCC in rats, which therefore is considered the more sensitive endpoint 
(WHO, 2010). 

 

7.8. Reproductive toxicity 

As FA has been shown not to reach tissues far of the site of first contact, i.e. the upper 

respiratory tract after inhalation, data concerning these endpoints will not be reviewed 

here in detail. For a documentation of available studies reference can be made to a 

recent review of Nielsen et al. (2013). 

The lack of the effects was supported by a review and meta-analysis (Collins et al. 2001). 

This review concluded that there was no convincing evidence of reproductive or 

developmental toxicity in animal studies at FA exposures by routes, which were relevant 

for risk assessment of workplace exposure levels.  

 

7.9. Mode of action and adverse outcome pathway considerations 

Experimental findings:  

Experimentally, FA elicits local tumours in the upper respiratory tract. It appears 
plausible that the occurrence of tumours in the nasal mucosa of rats and mice is the 
result of chronic proliferative processes caused by the cytotoxic effects of the substance. 
Evaluation of the data for the carcinogenic effects confirms this assumption. The dose-
response relationships for all the parameters investigated, such as damage to the nasal 
epithelium, cell proliferation, tumour incidence, the formation of DNA-protein-crosslinks 
(DPX) and DNA-adducts, is very flat for low level exposures and becomes much steeper 
at higher levels of exposure. For all the parameters mentioned, with the exception of the 
formation of DPX and DNA-adducts, concentrations, which did not produce effects, were 
demonstrated in the respective studies. The possibility of the formation of DPX or DNA-
adducts cannot be excluded even with low levels of exposure. FA-induced DPX are rapidly 
repaired, as evidenced in a number of biological systems (see Genotoxicity section) but 
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they may also be a source of DNA adducts being caused by endogenous (dG- and dA-
adducts) or exogenous FA (dG-adducts). In addition, the physiological proliferation rate 
in the respiratory epithelium is low, and as long as this is not increased (which requires 
exposure to concentrations of more than 2 ppm), the probability that DPX are 
transformed into mutations is low. In the low dose range, which does not lead to an 
increase in cell proliferation, it has therefore been considered that the observed 
experimental genotoxicity of FA plays no or at most a minor part in its carcinogenic 
potential so that no significant contribution to human cancer risk is expected (Bolt, 1987; 
DFG, 2000; Conolly et al., 2004). Such a conclusion is supported by dosimetry models 
(Kimbell et al., 2001a,b) and by results of a numerical risk assessment which, for 
persons exposed to concentrations of 0.3 ppm at the workplace for 40 years, yielded a 
very low additional cancer risk for non-smokers of 1.3 x 10-8  and for smokers of  
3.8 x 10-7 (CIIT, 1999). 

Conolly et al. (2004) estimated human respiratory tract cancer risk based on 1) the use 
of computational fluid dynamics to model local impact of FA, 2) the association of the 
local impact with DPX formation and cyto-lethality leading to regenerative cell 
proliferation, and 3) a two-stage clonal growth model to link DPX and cell proliferation 
with tumour formation. The model incorporated a hockey stick shaped and a J-shaped 
dose response relationship for cell proliferation, the latter because this was indicated by 
the data available at that time. Maximum likelihood estimates of additional risks were 
calculated for different exposure levels and physical workloads. As in the study of 
Andersen et al. (2010) no clear indication for a J-shaped dose response was obtained, 
only risks based on the hockey shape will be given here. For example, for a non-smoking 
worker with “light work” occupational exposure (80 year lifetime with an environmental 
exposure of 4 ppb and 40 years of work at 0.3 ppm, 8 h/d, 5 d/week) the additional risk 
was 1.79x10-7 and for a smoker 4.14x10-6. The additional risks related to lifetime indoor 
exposure at 0.1 ppm are mentioned by Nielsen and Wolkoff (2010). These authors also 
briefly mention the challenge of the robustness of this model by Subramaniam et al. 
(2007, 2008) and Crump et al. (2008) including responses of Conolly et al. (2009) and 
Crump et al. (2009). But notwithstanding these critiques, it has to be acknowledged that 
this model was the only one trying to include the wealth of data available for a risk 
assessment of FA. 

Epidemiological findings:  

The increased risk of nasopharyngeal carcinoma induced by FA in exposed workers, if 

any, could be based on similar mechanisms as the experimental inductions of nasal 
tumours in rats. On one hand, dosimetry models have indicated that human nasal flux 
patterns shifted distally as inspiratory flow rate increased (Kimbell et al, 2001b), on the 
other hand it appears important that the rat breathes only through the nose while 
humans, especially upon physical work, show considerable mouth breathing in addition. 
As a further theory, a contribution of Epstein-Barr virus infections to nasopharyngeal 
carcinogenesis has been discussed. In essence, it may be concluded that the dose-
response of human nasopharyngeal tumours elicited by FA must be non-linear at low 
doses, based on the modes of action established experimentally in rodents. 

A possible induction of myeloid leukaemias by FA in humans is not so easy to explain, but 
there are indications that FA might induce this kind of malignancy. However, this would 
require that FA would act systemically and reach the bone marrow, which is the target 
tissue. Such an action would not be possible within a range where the external dose does 
not change the physiological level of FA. No significant changes in formate excretion 
could be detected over a 3-week period of exposure to FA at a concentration in air of less 
than 0.4 ppm (Gottschling et al., 1984; IARC, 2006). This indicates that the physiological 
homeostasis of endogenous FA is not challenged within this range of external exposure, 
and consequently, no systemic effects can be expected under such exposure conditions. 
These considerations are supported by exposure modellings based on data in different 
species (Heck and Casanova, 2004). In total, there is no biological plausibility for an 
induction of human leukaemia by formaldehyde exposure (Gentry et al. 2013). 
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Integrating toxicokinetics and mode of action 

Andersen et al (2010) combined studies with different FA exposure levels and exposure 
duration with toxicokinetic modelling for tissue FA acetal and glutathione levels and with 
histopathology and gene expression in nasal epithelium from rats exposed to 0, 0.7, 2, 6, 
10 or 15 ppm FA 6 hours/day for 1, 4 or 13 weeks. At 0.7 and 2 ppm FA, the cellular 
levels of FA acetal showed a very minor increase with exposures and GSH a very minor 
decrease; several ppm FA would be required to achieve significant changes. Treatment-
related nasal lesions were found in the respiratory epithelium at 2 ppm FA and higher. 
Patterns of gene expression varied with concentration and duration. At 2 ppm, sensitive 
response genes associated with cellular stress, thiol transport/reduction, inflammation 
and cell proliferation were up-regulated at all exposure durations. At 6 ppm and higher, 
gene expression changes showed enrichment of pathways involved in cell cycle, DNA 
repair, and apoptosis. ERBB, EGFR, WNT, TGF-β, Hedgehog, and Notch signalling were 
also enriched. Benchmark doses for significantly enriched pathways were lowest at 13 
weeks. Seven genes were combined in a grouping referred to as the “Sensitive Response 
Genes”, showing a benchmark dose around 1 ppm for all three exposure periods. 
Transcriptional and histological changes at 6 ppm and greater corresponded to dose 
ranges in which the toxicokinetic model predicted significant reductions in free 
glutathione levels and increases in FA acetal levels. Genomic changes at 0.7–2 ppm likely 
represent changes in extracellular FA acetal and glutathione levels. DNA replication 
stress, enhanced proliferation, squamous metaplasia, and stem cell niche activation 
appear to be associated with FA carcinogenesis. It was concluded that dose 
dependencies, high background levels of FA acetal, and nonlinear FA acetal/glutathione 
tissue kinetics indicated that FA concentrations below 1 or 2 ppm would not increase the 
risk of cancer in the nose or any other tissue, or affect FA homeostasis within epithelial 
cells. Overall, this conclusion is in agreement with a histologic NOAEC of 1 ppm for a 
2-year inhalation in rats (Woutersen et al, 1989; Gelbke et al, 2014). 

Lu et al. (2010a) applied liquid chromatography-tandem mass spectrometry methods to 
experimental 13CD2 FA exposures, allowing differentiation of DNA adducts and DNA-DNA 
crosslinks originating from endogenous and inhalation-derived FA exposure. Exogenous 
FA induced N2-hydroxymethyl-deoxyguanosine (dG) mono-adducts and dG-dG crosslinks 
in DNA from rat respiratory nasal mucosa, but did not form 13CD2-adducts in sites remote 
to the portal of entry. No N6-HO13CD2-deoxyadenosine (dA) adducts were detected in 
nasal DNA. In contrast, high amounts of endogenous FA dG and dA mono-adducts were 
present in all tissues examined. The number of exogenous N2-HO13CD2-dG in 1- and 5-
day nasal DNA samples from rats exposed to 10 ppm 13CD2-FA was 1.28 ± 0.49 and  
2.43 ± 0.78 adducts/107 dG, respectively, while 2.63 ± 0.73 and 2.84 ± 1.13 N2-HOCH2-
dG endogenous adducts/107 dG and 3.95 ± 0.26 and 3.61 ± 0.95 N6-HOCH2-dA 
endogenous adducts/107 dA were present. The results were interpreted to provide strong 
evidence in support of a genotoxic and cytotoxic mode of action for the carcinogenesis of 
inhaled FA in respiratory nasal epithelium, but of no support of a biological plausibility 
that inhaled FA causes leukaemia. 

In a consecutive study of Lu et al, (2011), endogenous and exogenous N2-
hydroxymethyl-dG adducts in nasal DNA of rats exposed to 0.7, 2, 5.8, 9.1 or 15.2 ppm 
13CD2 for 6 hours were quantified by a highly sensitive nano-UPLC-MS/MS (ultra-
performance liquid chromatography tandem mass spectrometry) method. Exogenous FA 
DNA adducts were formed in a highly non-linear fashion, with a 21.7-fold increase in 
exposure causing a 286-fold increase in exogenous adducts (see Figure 1). Endogenous 
DNA adducts dominated at low exposures, comprising more than 99 % of total adduct 
levels. In contrast, exogenous adducts were not detectable in the bone marrow of rats 
exposed to 15.2 ppm 13CD2. In this context, it was demonstrated that N2-hydroxymethyl-
dG was the primary DNA adduct formed in nasal cells following FA exposure while 
endogenous FA also led to the corresponding dA-adducts in amounts comparable to 
endogenous dG-adducts. Also in monkeys exposed to 2 or 6 ppm, 6 hours/day for 2 
days, the external FA-dG adduct was only detected in the nose and not in the bone 
marrow. At 6 ppm, the FA-dG adduct level was lower in the nasal tissue in the monkeys 
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than in rats with a single 6-hour exposure, suggesting a lower risk in primates than in 
rats (Moeller et al, 2011).  

Swenberg et al. (2011) compared endogenous and exogenous FA induced DNA-dG 
adducts in the nasal tissue of primates and rats. Exogenous adducts in monkeys after 2 
days of exposure were similar to those of rats exposed for 1 day at 2 ppm and were ~2.5 
times lower in monkeys at 6.1 ppm for 2 days compared to rats at 5.8 ppm for 1 day 
(6 h/d). These data demonstrate that exogenous adducts formed in the nasal turbinates 
are lower for nonhuman primates than for rats. In addition, there are indications that 
endogenous dG adducts are 2-3-fold higher in monkeys than in rats. This reduces the 
ratio of exogenous/endogenous adducts in primates exposed to low FA concentrations by 
a factor of ~5.  

Yu et al. (2015) determined formation, accumulation, and hydrolysis of endogenous and 
exogenous FA DNA adducts in rats after exposure to 2 ppm over 28 consecutive days 
(6 h/d) followed by a 7 day post-exposure period. Monkeys were exposed to 6 ppm on 2 
consecutive days (6 h/d) and DNA dG adducts were measured in different parts of the 
respiratory tract. Again exogenous DNA adducts were only found in nasal tissue of rats 
and monkeys. In the lower respiratory tract no exogenous adducts could be measured in 
the trachea or carina (monkeys). The exogenous dG FA adducts in rats approached a 
steady state concentration during the 28 d exposure period with a rapid loss of nearly 
20% during the first 6 h post exposure followed by a much slower decrease thereafter. 
The half-life for formation and loss of the exogenous adducts was estimated to be 7.1 
days. Combining the data for monkeys in the present study with those of Moeller et al. 
(2011) showed that exogenous adducts in different sections of the nasal epithelium were 
always 5-11-fold lower than endogenous adducts. 

Yu et al. (2015) also studied the relationship between the formation of FA DNA adducts 
and DPX. After Lu et al. (2009) had shown that FA readily reacts with the thiol group of 
GSH to form a crosslink with N2-dG via a methylene group, Lu et al. (2010a,b) 
systematically studied crosslinking reactions of FA with different amino acids and 
nucleosides. The highest yields of cross-linked products were obtained with FA + lysine + 
dG followed by the reaction with cysteine and dG. Yields from the other reaction partners 
were lower by a factor of 10 or more. While the lysine adduct was unstable at ambient 
temperature, that derived from cysteine was stable. Based on these findings Yu et al. 
(2015) showed that the N2-dG-methylene adducts with cysteine and GSH were unstable 
at physiological pH and room temperature with a half-life of 11.6 min and 79.6 min, 
respectively. Cleavage occurred at the methylene-S-bond but not at the N2-dG-
methylene bond leading to the N2-hydroxymethyl-dG adduct identified in former 
investigations (Lu et al, 2010a,b, 2011, 2012; Moeller et al, 2011). These results 
suggested that DPXs may be important sources of FA induced DNA mono adducts. 

In the light of the instability of FA induced DPXs the authors questioned the reported 
increase of DPXs after FA exposure in circulating lymphocytes in workers (Shaham et al., 
1996, 2003) or in several tissues of mice (Ye et al., 2013). They proposed that these 
unexpected findings may be due to the use of non-specific DPX assays that cannot 
differentiate between exogenous and endogenous FA induced DPXs. 

At an exposure level of 2 ppm Yu et al. (2015) have shown that FA-dG adducts 
accumulate to reach a steady state after 28 days. By combining the data of Lu et al. 
(2011) for a single exposure to 0.7 and 2 ppm with those of Yu et al. (2015) at 2 ppm 
over 28 days the exogenous steady state DNA adduct levels at 0.7 ppm may be 
approximated. Exogenous adducts at 2 ppm, single exposure, were 0.19 adducts/107 dG 
and after 28 days 1.05 (factor of 5.5). At 0.7 ppm, single exposure, 0.039 exogenous 
adducts/107 dG were found and therefore at steady state after 28 days of 
0.21 adducts/107 dG might be expected. A direct comparison with endogenous adducts is 
somehow hampered because there was a difference between both of the studies: mean 
endogenous adducts 4.57 adducts/107 dG for Lu et al (2011) and 2.91 for Yu et al 
(2015). But the steady state exogenous adducts of about 0.2 adducts/107 dG were by a 
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factor of 14 or 22 lower than the endogenous adducts. In addition, these exogenous 
steady state adducts were always within the standard deviations of both studies (Lu et al, 
2011; Yu et al, 2015). Taking into account the low dose non-linearity of the response 
curve for exposures below 0.7 ppm (for example at 0.3 ppm) a more than proportional 
decrease of exogenous adducts is to be expected.  

Overall, the use of highly sensitive LC-MS/MS and isotope labelled compounds for 
exposure provided relevant new mechanistic insights into the formation and role of FA-
derived DNA adducts (Lu et al, 2012) and furthermore indicating that inhaled FA does not 
reach the blood compartment or the internal organs in experimental animals. 

 

 

Figure 1. Exposure-response of ratios of exogenous/endogenous FA-DNA adducts in 
nasal epithelium of rats exposed to [13CD2]-FA for 6 hours (from Lu et al., 2011; 
material in public domain) 

 

Starr and Swenberg (2013) proposed a bottom-up approach for assessment of low dose 
human cancer risk from exposure to chemicals that produce the same specific DNA 
adducts from endogenous and exogenous sources. Taking into account background 
(endogenous) exposure the approach is consistent with the “additivity to background 
concept” and provides central and upper bound risk estimates that are linear at all doses. 
The endogenous and exogenous dG adducts of FA measured in Cynomolgus macaques 
(Moeller at al, 2011) at 2 ppm after two 6 h exposures were taken as a surrogate for 
humans for continuous life-time exposure. The build-up of adducts was estimated by 
kinetic modelling of the Swenberg et al. (2013) rat data yielding an elimination half-life 
of 63 h. Thereby they arrived at an upper bound life time risk of 3.8x10-4 for continuous 
exposure at 1 ppm. This risk estimate is nearly 29-fold lower than that calculated by the 
approach of the U.S. EPA (1.1x10-2). For exposure at the workplace a simple linear 
modelling would then result in an upper bound risk at 0.3 ppm of 1.6x10-5 (exposure of 
5 d/week, 8 h/d over 45 years). The authors noted several reasons why their model 
should be considered conservative, because for example all background risks for NPC are 
only ascribed to dG adducts (and not also to the endogenous dA adducts not formed by 
exogenous FA) or linearity is assumed for all exposure levels without taking into 
consideration cytotoxicity or cell proliferation enhancing mutations. On the other hand, 
the half-life of dG adducts has recently been shown to be longer, i.e. 7.1 d about 2.7-fold 
higher than the half-life used in this extrapolation (Yu et al., 2015). 
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FA is a major source of N6-formyllysine (“FA-Lys”) adducts in cell proteins. In rats, 
exposures to isotope labelled FA (13C2H2O) at 0.7, 2, 6 and 9 ppm for 6 hours were used 
in differentiating between adducts from exogenous and endogenous FA-Lys adducts in 
the total, the cytoplasmic, the membrane and the nuclear proteins. After proteolysis and 
analysis of FA-Lys, the ratio between exogenous and endogenous adducts was shown to 
increase with increasing exposure; for example for the total nasal epithelial proteins, the 
ratio was 0.035, 0.14, 0.15 and 0.40, respectively. At each of these FA exposures, the 
ratios were in the order cytoplasmic ≈ membrane > soluble nuclear > chromatin protein 
bound, indicating a decrease in the exogenous FA concentration from the cytoplasmic to 
the nuclear proteins. Opposite, the endogenous FA-Lys adducts were similar at all 
exposure concentrations in all cellular compartments. Also, this indicated that the 
external FA exposure did not influence the endogenous FA production. No external FA-Lys 
adducts were detected in the lungs, liver and bone marrow and thus, the results 
paralleled studies on FA-dG adducts, confirming that direct external FA adducts are 
limited to the nasal epithelium (Edrissi et al., 2013). 

In view of a discussion of an association of FA with the development of leukaemia, 
Kleinnijenhuis et al. (2013) performed an inhalation experiment with FA in rats, in order 
to study whether FA can enter the blood and thus cause systemic toxicity in remote 
tissues. To differentiate between exogenous and endogenous FA, the rats were exposed 
(10 ppm for 6 hours) to stable isotope 13C-labelled FA by inhalation. During and after 
exposure, blood was analysed to determine the ratio between labelled and endogenous 
FA in blood and the total blood concentration of FA. With the method applied, exogenous 
13C-FA could have been detected in blood at a concentration approximately 1.5 % of the 
endogenous FA blood concentration. However, exogenous 13C-FA was not detectable in 
the blood of rats, neither during nor up to 30 min after the exposure. It was concluded 
that the inhalation of FA, even at 10 ppm for 6 hours, did not result in an increase of the 
total FA concentration in blood. 

Rager et al. (2014) investigated microRNA responses to FA. Rats were exposed by 
inhalation to either 0 or 2 ppm FA for 7, 28 or 28 days followed by a 7-day recovery. 
Genome-wide microRNA expression profiles were assessed within the nasal respiratory 
epithelium, circulating leukocytes and bone marrow. MicroRNAs showed altered 
expression in the nose and leukocytes but not in the bone marrow. In the nose, 
microRNA 10b and members of the let-7 family, known nasopharyngeal carcinoma 
players, showed decreased expression. Genome-wide messenger RNA profiles were 
assessed in the nose and leukocytes. Pathway analyses revealed an enrichment of 
immune system/inflammation signalling in the nose and leukocytes. Specific to the nose 
was enrichment for apoptosis/proliferation signalling, involving let-7a, let-7c, and let-7f. 
Across all tissues and time points assessed, microRNAs were predicted to regulate 
between 7 % and 35 % of the transcriptional responses and were suggested to play a 
role in signalling processes including immune/inflammation-related pathways. The data 
were interpreted to confirm the concept that FA-induced inflammatory signals originating 
in the nose may drive leukocyte effects.  

In essence, new experimental data, reported since 2008, clearly indicate that systemic 
genotoxic action of inhaled FA is not likely, even at exposure concentrations leading to 
nasal malignancies in the rat. New data support the view (Heck and Casanova, 2004) 
that there is no delivery of inhaled FA to distant sites of the organism. A plethora of 
arguments suggests that FA concentrations below 1 or 2 ppm would not increase the risk 
of cancer in the nose or any other tissue, or affect FA homeostasis within epithelial cells 
(Swenberg et al., 2013). 

 

7.10. Lack of specific scientific information 

No specific lack of data or information was identified. 
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7.11 Recommendation, health considerations 

The primary aim of an Occupational Exposure Limit (OEL) for FA is to avoid upper 
respiratory tract cancer as has been observed in rodents, especially in rats at exposure 
concentration of ≥6 ppm. In addition an OEL should also protect against undue 
annoyance for the worker population. Tumour induction by FA is driven by sustained 
cytotoxicity and cell proliferation while genetic changes are secondary (McGregor et al., 
2006). Therefore for FA a threshold can be established for concentrations not leading to 
such sustained cell proliferation and histopathological alterations. A NOAEC has been 
established in the sensitive rat for histopathological alterations at 1 ppm and for 
regenerative cell proliferation based on the large experimental database (Gelbke et al., 
2014). Under these considerations FA is considered a group C carcinogen (genotoxic 
carcinogens for which a practical threshold is supported; Bolt and Huici-Montagud, 2008; 
SCOEL, 2013). This classification corresponds closely to that of the German MAK 
commission (DFG, 2015) as a group 4 carcinogen. 

Data pivotal for the derivation of an OEL, namely the NOAEC for sustained cytotoxic 
irritation, are only available for experimental animals, but not for humans for ethical 
reasons. The rat is a poor and most probably over-sensitive model in this respect due to 
its different respiratory physiology while the monkey exhibits many similarities to 
humans (DeSesso, 1993). There are clear indications that the monkey is less sensitive 
than the rat if FA-DNA adducts (Moeller et al, 2011, Swenberg et al, 2011) or DNA-
protein-crosslink (DPX) formation (Casanova et al, 1991) are taken as indicator for target 
tissue exposure. Humans are likely to be even less sensitive than monkeys (Casanova et 
al, 1991).  

On the other hand, there is a solid database for humans (comprising in total more than 
400 volunteers) for sensory irritation of FA on the eye, a very sensitive parameter 
(DECOS 2003, Nordic Expert Group 2003). It is generally considered that avoidance of 
sensory irritation of the eye and the upper respiratory tract would automatically imply a 
safety margin to also avoid cytotoxic irritation-induced local cell proliferation as a first 
step to tumour induction. Derivation of an OEL based on sensory eye irritation in humans 
inherently provides a broad margin of safety in comparison to the induction of upper 
respiratory tract tumours in rats for the following reasons: 

 Sensory irritation occurs at lower concentrations than cytotoxic irritation (Brüning 
et al, 2014). 
 

 Due to confounding factors, like personality traits or odour, subjective symptoms 
of irritation (as generally only measured in pre-2000 studies) tend to 
overestimate sensory irritation as measured by objective parameters. 
 

 In humans sensory irritation to the eyes occurs at lower concentrations than 
sensory irritation to the respiratory tract, the potential target for FA induced 
tumours (Brüning et al, 2014). 
 

 Due to the differences in respiratory physiology rats are more sensitive than 
monkeys and monkeys probably more sensitive than humans with regard to DPX 
formation (Casanova et al, 1991). 
 

 The amount of DNA adducts is higher in rats than in monkeys at comparable 
exposure concentrations and especially also the ratio of exogenous/endogenous 
adducts (Swenberg et al, 2011). 
 

 One important aspect has to be taken into consideration for all extrapolations 
from high dose experimental data to low human exposures, namely the steep 
upward bent dose response curve, being most pronounced at concentrations 
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≥2 ppm, for all decisive parameters, like tumour incidences (Kerns et al, 1983; 
Monticello et al., 1997), cell proliferation (Monticello et al, 1997), DPX formation 
(Casanova et al., 1991) and dG adducts (Lu et al., 2011). Also cell proliferation 
(as measured by PWULLI – Population-Weighted Unit Length Labelling Index) vs. 
%-tumour rate shows a steep upward bent relationship (Monticello and Morgan, 
1997). 
 

 This dose response relationship has also been found by in vitro genotoxicity 
studies (Speit et al, 2007). 

Although it has to be acknowledged that these points cannot be quantitatively 

agglomerated to a numerical uncertainty factor (in the sense of SCOEL, 2013), SCOEL 
will primarily base its considerations on objective parameters for sensory irritation 
obtained by human volunteer studies.  

Former studies (up to 2008) mainly relied on self-reported symptoms of volunteers 
exposed to defined concentrations of FA. On the basis of these studies concentrating on a 
total of 17 high-quality controlled studies with volunteers it was concluded by an 
independent expert panel convened in the USA by the Industrial Health Foundation (IHF) 
that with daily exposure for 8 hours to maximum FA concentrations of 0.3 ppm 
“practically all workers” are protected against eye irritation. Animal data were considered 
supportive of this conclusion. In consequence, a concentration of 0.3 ppm FA was 
regarded as a practical NOAEC and was proposed as an OEL (Paustenbach et al, 1997).  

By contrast, the identical database for sensory irritation of FA, as compiled by 
Paustenbach et al (1997), was viewed by the joint DECOS (2003) and Nordic Expert 
Group (2003) committees to reveal that “at lower exposure levels sensory irritation may 
still occur in a substantial percentage of exposed individuals”. The joint committees 
regarded 0.24 ppm (see below) FA to be a LOAEC “at which sensory irritation may occur 
in a low but significant percentage of exposed workers”. At the same time, it was stated 
that the majority of short- and long-term animal inhalation studies reveal a NOAEC of 1-
2 ppm, with slight histopathological changes of the nasal respiratory epithelium being 
observed at 0.3-2 ppm (Kamata et al, 1997). But as shown above this study may not be 
taken as evidence for a NOAEC in experimental animals of <1 ppm. On this basis, DECOS 
(2003) recommended a health-based OEL (TWA) of 0.12 ppm (0.15 mg/m3), with a STEL 
of 0.42 ppm (0.5 mg/m3). 

This discrepancy in evaluations of an identical data set by the IHF vs. DECOS/Nordic 
Expert groups is mainly influenced by interpretation of two studies from Scandinavia.  

The first was a field study on FA-induced discomfort (Wilhelmsson and Holmström, 1992) 
that was not included in the evaluation by the IHF group, but was considered as a “not 
well-documented study” by the joint DECOS/Nordic group, showing that “more than 50% 
of 66 occupationally exposed workers complained of nasal discomfort after long-term 
exposure to an average concentration of 0.26 mg/m3 (0.22 ppm; range 0.05-0.6 mg/m3 
or 0.04-0.5 ppm)”. In a reference group, 25% gave such reportings (Wilhelmsson and 
Holmström, 1992). However, the publication neither gives methodological details of the 
questionnaire used, nor was the way of exposure assessment specified.  

The second was a controlled study in volunteers (Andersen and Mølhave, 1983) in which 
3 out of 16 subjects reported eye irritation at a FA concentration of 0.24 ppm (see 
above). This study has the fundamental weakness that no control group with sham 
exposure was included while Arts et al. (2006) and Paustenbach et al. (1997) observed 
that in control groups exposed to 0 ppm 15-22% of the participants will report slight eye 
irritation. Whereas the joint DECOS/Nordic Export groups took this as a hint to sensory 
irritation in substantial percentages of individuals at less than 0.3 ppm FA, the IHF 
group’s argumentation was based on a concentration-response curve constructed from 
the entire body of data from the reported irritation studies. According to their evaluation 
irritation reportings may be obtained in 15-20% of non-exposed volunteers as well 
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(Paustenbach et al. 1997). Arts et al. (2006) applied a benchmark approach to the study 
of Andersen and Mølhave (1983) and arrived at the conclusion that a concentration of 
0.24 ppm FA, based on slight subjective discomfort, a 95% confidence interval, and 
assuming a background response of 1/16 (6.25%), would be acceptable. 

With the availability of two volunteer exposure studies complementing each other and 
not only measuring subjective reportings but also objective signs of eye and upper 
respiratory tract irritation (Lang et al., 2008; Mueller et al., 2013), an OEL can now be 
based on objective parameters not potentially biased by personality traits like anxiety or 
expectations. Such factors will not play a role for subjects used to work with FA. A 
synopsis of both studies leads to a NOAEC for objective parameters of sensory irritation 
of 0.7 ppm or 0.4 ppm with peaks of 0.8 ppm. Both studies applied slightly different 
concentration regimes. Exposures with 4 superimposed peaks being most relevant for 
derivation of an OEL with STEL were 0.3 ppm + peaks of 0.6 ppm and 0.5 ppm + peaks 
of 1 ppm in the Lang study, and in that of Mueller 0.3 ppm + peaks of 0.6 ppm and 
0.4 ppm + peaks of 0.8 ppm. Objective signs of irritation were only observed at 0.5 ppm 
+ peaks of 1 ppm. Because 0.3 ppm + peaks of 0.6 ppm was a consistent NOAEC in both 
of these investigations this exposure regime is proposed as the basis for an OEL with 
STEL. This NOAEC based on 62 volunteers (41 in the Mueller study and 21 in the Lang 
study) is sufficiently robust for the derivation of a Limit Value. No further uncertainty 
factor for possible human inter-individual variations is necessary, especially as low 
interindividual variation is also confirmed by the older studies reviewed by Paustenbach  
et al. (1997). Thus for high quality volunteer studies, Brüning et al. (2014) recently 
concluded that an OEL may be based on the NOAEC without an additional safety factor. 
Also, these authors propose an interspecies extrapolation factor of 3 for extrapolating 
animal data to humans concerning local irritation effects, but this may be reduced to 2 
because of existing modellings of the airway physiology and FA deposition of rats and 
humans. Starting from the NOAEC of 1 ppm in rats this would lead to 0.5 or 0.3 ppm 
similar to the NOAECs found in human volunteers. 

In conclusion, SCOEL recommends a Limit Value of 0.3 ppm (8 h TWA) with a STEL of 
0.6 ppm corresponding to the NOAECs for objective signs of sensory irritation in human 
volunteer studies. An additional uncertainty factor according to SCOEL (2013) is not used 
as no corresponding factors need to be covered in addition and since the critical effect 
has been studied with essentially the same results in many investigations, including the 
older ones concentrating on subjective symptoms.  

This 8 h TWA is further supported by risk extrapolations from experimental animals to 
humans (Conolly et al., 2004; Andersen et al., 2010; Starr and Swenberg, 2013).  

Finally it needs to be addressed whether the recommended Limit Value of 0.3 ppm 
(8 h TWA) with 4 peaks of 0.6 ppm (STEL) will also protect from irritation and undue 
annoyance [in the sense of “nuisance” according to SCOEL (2013)]. No subjective 
symptoms of irritation were observed by Mueller et al. (2013) up to the highest 
exposure. In contrast, in the study of Lang et al. (2008) subjective symptoms were 
already reported at concentrations as low as 0.3 ppm. But when negative affectivity was 
used as covariate the only effect level was 0.5 ppm + peaks at 1 ppm as for objective 
signs of irritation. As negative affectivity will not play a decisive role at the workplace, 
these findings for subjective symptoms of irritation have to be considered as grade (1) or 
at most between grade (1) and (2) (SCOEL, 2013; chapter 3.1).  

Odour perception was reported in both studies. This was statistically significantly 
increased in Lang et al. (2008) at ≥0.3 ppm but the odour of 12-16 ppm ethyl acetate 
was perceived stronger than that at 0.5 ppm and similar to that at 0.5 ppm + peaks of 1 
ppm FA. Similar results were reported for annoyance. In the study of Mueller et al. 
(2013) again significant differences were noted for olfactory symptoms without a 
concentration effect relationship and especially for the “perception of impure air”, most 
pronounced in the group of hypersensitive persons against CO2 nasal irritation. Olfactory 
symptoms were dominated by “perception of impure air”. For the complaint “perception 
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of impure air” a statistically significant increase was already noted at 0 ppm (pre- vs. end 
of exposure) in hypersensitive persons. Therefore this item cannot be ascribed to FA 
only. Because a statistically significant difference in symptom scores between FA 
exposures and control conditions was missing, the authors concluded that the increase in 
olfactory symptoms is mainly induced by displeasing ambient smell and the situational 
and climatic conditions in the exposure chamber. Again FA related olfactory symptoms 
and “perception of impure air” may at most reach a grading between (1) and (2) 
according to SCOEL (2013; chapter 3.1).  

In conclusion, a Limit Value of 0.3 ppm with a STEL of 0.6 ppm will also protect from 
“nuisance” at the workplace caused by subjective symptoms of irritation and odour. 

It is noted that that the Limit Value of 0.3 ppm with a STEL of 0.6 ppm deviates from the 

“preferred value” concept of SCOEL (2013) using decimals of integers 1, 2, or 5 ppm. 

This deviation is scientifically justified as the derivation of the Limit Value is based on an 

exceptionally broad database of actual NOAECs from human volunteer studies. 

As explained in chapter 7.9, a possible induction of myeloid leukaemia by FA in humans 

would require that FA acts systemically and thereby reaches the bone marrow, which is 

the target tissue for leukaemia. Such a systemic toxicity is not possible within the 

exposure range where the external FA dose does not change the internal physiological 

level of FA, i.e., less at exposures up to 0.4 ppm. This means that the human 

physiological homeostasis of endogenous FA is not challenged within the range of the 

proposed OEL, and consequently, that no systemic effects can be expected under such 

exposure conditions.  

 

8. GROUPS AT EXTRA RISK 

FDH is the most important and highly efficient enzyme for detoxification of FA, thereby 

safeguarding especially against its genotoxicity and carcinogenicity. This essential 
enzyme is highly conserved in all species. A broad database has demonstrated that in the 
normal European population no polymorphism exists with impaired FA detoxification. As 
already discussed in detail in section 7.5.1, FA does not induce or exacerbate asthma in 
asthmatics at FA concentrations below 1 ppm. Thus, there is no support that asthmatics 
were at extra risk at relevant concentrations. 
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