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	CASRN:  50-00-0


	

	Update:  November 30, 2011 
	

	Massachusetts Air Guidelines
:  

AAL  =  0.08 ug/m3  (0.06 ppb)
 (annual average concentration)

TEL   =  2 ug/m3  (2 ppb) (24 hour average concentration)



	Chemical Properties:  (HSDB 2010)

	Odor Characteristics:
	Pungent, suffocating, hay  (Ruth 1986)

	Odor Threshold:
	1470 ug/m3  (Ruth 1986)

	Irritant: 
	Yes, to respiratory tract, eyes, skin, mucous membranes

	Sensitizer:
	Yes

	Chemical Class:
	Gas

	Boiling Point:
	-19.5oC

	Melting Point:
	-92oC

	Vapor Pressure:
	3,890 mm Hg at 25oC

	Molecular Weight:
	30.03

	Unit Conversion factor:
	1.228 ug/m3 per ppb at 25oC



	Critical Effects
:

· Irritation of the eyes, nose and respiratory tract, and discomfort in the lower airways.  
· Potential to exacerbate asthma.

· Probable human carcinogen.

· Target organ systems affected include the eyes, nose, skin and upper and lower respiratory tract.



	Potentially Susceptible Populations:

· People with asthma or a compromised respiratory system.

· Children.



	TEL Basis for Criteria: 

Available chronic inhalation noncancer toxicity values:
REL    9 ug/m3      (CalEPA 2008)
MRL   10 ug/m3    (ATSDR 1999)
EL      1 ug/m3       (European Commission 2005)
The REL of 9 ug/m3 derived by CalEPA (2008) was selected as the basis of the TEL.

TEL = 9 ug/m3 x 0.2 (RSC) = 1.8 ug/m3, rounded to 2 ug/m3 (1.6 ppb, rounded to 2 ppb)
The CalEPA REL, ATSDR MRL and EU EL noncancer toxicity values are all based on the same occupational study population reported by Holmstrom et al. (1989) and Wilhelmsson and Holmstrom (1992).  The REL and MRL are essentially the same, while the EL is 9-fold lower.  The numerical differences among the values are due to differences in the methods used to extrapolate from occupational to continuous exposure, selection of uncertainty factors, and rounding.  CalEPA’s REL is the most recent and it considers the potential for increased susceptibility of children.  Thus it was selected as the TEL.

The CalEPA REL is based on consideration of a NOAEL of 90 ug/m3 and a LOAEL of 260 ug/m3 based on the nasal obstruction and discomfort, lower airway discomfort and eye irritation observed in an occupational exposure study (Wilhelmsson and Holmstrom 1992; supported by Edling et al. 1988).  CalEPA did not adjust the discontinuous occupational exposure concentration to a continuous exposure concentration based on their conclusions from the available evidence that effects of formaldehyde are more related to concentration than duration.  The REL of 9 ug/m3 was derived from the occupational study NOAEL of 90 ug/m3 and a composite uncertainty factor of 10.

REL =    90 ug/m3    =  9 ug/m3
                              10
Uncertainty factors:

UFA (extrapolation from animals to humans)             = 1
UFH-k (human population variability in kinetics)        = 1
UFH-d (human population variability in response)       = 10

to account for toxicodynamic differences among humans and potential asthma exacerbation in children
UFD (combined data deficiencies)                              = 1
The REL is supported by a case-control study of 88 asthmatic children and 104 non-asthmatic children with a mean age of 25 months (range 3 months to 3 years) evaluating the association of parent-reported respiratory symptoms (cough, shortness of breath, wheeze and trouble breathing) and formaldehyde concentrations in their homes (Rumchev et al. 2002).  A REL of 10 ug/m3 was derived by CalEPA from this study of asthmatic children after dividing the NOAEL of 30 ug/m3 formaldehyde in indoor air by an uncertainty factor of 3 (UFH-d) to account for toxicodynamic differences among children.  The REL based on the occupational exposure was selected for use by CalEPA due to concerns about the underlying basis for the respiratory symptoms reported in children, (i.e., some reported symptoms may not have been related to asthma).  

The ATSDR MRL is based on consideration of a LOAEL of 298 ug/m3 (240 ppb) from an occupational exposure study (Holmstrom et al. 1989; supported by Edling et al. 1988).  The exposed cohort in this study is the same as in Wilhelmsson and Holmstrom 1992.  The critical effects described by ATSDR (1999) are mild irritation of the eyes and upper respiratory tract and mild histopathological changes in the nasal epithelium including loss of cilia, goblet cell hyperplasia, and cuboidal and squamaous cell metaplasia replacing the columnar epithelium (ATSDR 1999).  The MRL of 10 ug/m3 was derived by dividing the LOAEL of 298 ug/m3 by a total uncertainty factor of 30, the product of UFL=3 to extrapolate the minimal LOAEL to a NOAEL and UFH=10 to account for human population variability (ATSDR 1999).  Consistent with CalEPA (2008), ATSDR did not adjust the discontinuous occupational exposure concentration to a continuous exposure concentration.

The EU EL, exposure limit for indoor air, of 1 ug/m3 is based on CalEPA’s 1999 REL (updated by CalEPA in 2008) with adjustments to the uncertainty factors (European Commission 2005).  CalEPA’s 1999 REL used the NOAEL of 90 ug/m3 from the same occupational study of Wilhelmsson and Holmstrom (1992) used to derive the 2008 REL.  However, in 1999 the CalEPA adjusted the occupational study NOAEL of 90 ug/m3 to an estimated continuous exposure concentration of 30 ug/m3 to account for differences in exposure patterns between occupational and general populations.  The EU EL was derived by dividing the adjusted NOAEL of 30 ug/m3 by a total uncertainty factor of 30; 10 for human population variability (UFH), and 3 for consideration of evidence that children are more sensitive to formaldehyde than adults (European Comission 2005).  MassDEP did not select the EU value because it was derived based on an out of date CalEPA REL.

Effects observed in animals following exposure to formaldehyde support the effects observed in humans (CalEPA 2008, ATSDR 1999).

Developmental and reproductive effects – Available human and animal studies do not provide consistent evidence of developmental and reproductive effects following exposure to formaldehyde.  Separate studies evaluating sperm number in occupationally exposed men, and miscarriages in women exposed to 100 to 3000 ppb (120 – 3700 ug/m3) formaldehyde in their homes did not show significant effects (CalEPA 2008).  Decreased body weight gain was observed in pregnant rats exposed to 40,000 ppb (49,000 ug/m3) formaldehyde 6 hours/day on gestation days 6-20 (Saillenfait et al. 1989); effects on reproductive organs and development were not reported in studies when animals were exposed at concentrations less than 40,000 ppb (49,000 ug/m3) (CalEPA 2008).

Neurotoxicity – Available human and animal studies do not provide consistent evidence of neurotoxicity following exposure to formaldehyde (CalEPA 2008).  Men, both those previously exposed to formaldehyde occupationally and unexposed controls, had decreased function on tests evaluating distractibility, short-term memory, and capability to understand and perform certain tasks during exposure to formaldehyde at concentrations of 0, 150, 390, or 1200 ug/m3 (0, 120, 320, or 980 ppb) for 5.5 hours (ATSDR 1999).  Evaluations of other occupationally exposed groups have not provided reliable information because of concurrent exposures to solvents with potential for neurological effects.  Changes in behavior, such as terminating exposure to formaldehyde which is an irritant, were observed in mice exposed to 1 ppm (1228 ug/m3) (ATSDR 1999).  Additional animal studies were conducted at formaldehyde concentrations greater than 1 ppm (1228 ug/m3), but did not show overt neurotoxicological effects.  
Immunotoxicity – Available human and animal studies do not provide consistent evidence of specific immunotoxicity effects following exposure to formaldehyde.  However, the studies suggest that formaldehyde may have effects on the immune system including sensitization (CalEPA 2008).  In children, wheeze, and increased prevalence of asthma were associated with exposure to formaldehyde concentrations greater than 60 and 75 ug/m3, respectively (CalEPA 2008 based on Rumchev et al. 2002; Krzyzanowski et al. 1990).

Uncertainty – There is uncertainty about what dose/exposure metric, e.g., concentration, or concentration over time, is more appropriate for characterizing noncancer exposure response for formaldehyde.  Both CalEPA (2008) and ATSDR (1999) derived the noncancer values assuming the concentration of formaldehyde was the more relevant metric.

A relative source contribution factor of 0.2 is incorporated into the final value.



	Cancer Classification:

USEPA (1991):  B1 probable human carcinogen.
IARC (2006):  Group 1, carcinogenic to humans.
NTP (2005):  Reasonably anticipated to be a human carcinogen.



	NTEL Basis for Cancer Assessment:  

Estimates of cancer unit risks are available from USEPA, CalEPA and CIIT.

1.3x10-5 (ug/m3)-1   (USEPA 1991)

6x10-6 (ug/m3)-1      (CalEPA 1992)

5.5x10-9 (ug/m3)-1   (CIIT 1999)

The UR of 1.3x10-5 per ug/m3 derived by USEPA (1991) was selected as the basis of the NTEL.  The NTEL is the air concentration estimated to be associated with a 1 in 1 million risk of cancer.

NTEL = 1x10-6/1.3x10-5 per ug/m3 = 0.0769 ug/m3, rounded to 0.08 ug/m3 (0.06 ppb)
The three available estimates of cancer potency are more than three orders of magnitude different from each other, but are based on the same animal tumor data.  The differences between the cancer unit risk values are due to the methods used to extrapolate the dose-response from animals to humans.  USEPA (1991) used the test animal exposure concentration and dose-response method from the 1986 cancer guidelines (USEPA 1986), CalEPA (1992) incorporated pharmacokinetic interpolation of molecular dosimetry data, and CIIT (1999) used a biologically motivated model that included computational fluid dynamic modeling of nasal tissue exposure and use of a two-stage clonal expansion dose-response model with molecular dosimetry data to extrapolate down to environmental concentrations.  

The UR derived by CIIT (1999) was used by USEPA Office of Air Quality Planning and Standards (OAQPS) for evaluating human cancer risk for National Air Toxics Assessment (NATA) 1999 (USEPA 2006) and 2002 (USEPA 2009).  For the 2005 NATA, USEPA (2011) used the UR derived by USEPA in 1991. 
Since 1999, CIIT’s biologically based model has been updated (Conolly et al. 2003, 2004) and evaluated for sensitivity to underlying assumptions (Subramaniam et al. 2007; 2008; Crump et al. 2008).  Based on the change in USEPA practice in use of the UR derived by CIIT (1999) and the availability of newer analyses that may be incorporated into the new USEPA UR, the UR from CIIT (1999) was excluded by MassDEP from further consideration for derivation of the NTEL.  

The USEPA (1991) and CalEPA (1992) UR values are within a factor of 3 from each other and the CalEPA value is newer than USEPA’s value.  Based on the MassDEP (2011) updating methodology, the newer of these two values would be selected.  However, the UR from USEPA (1991) will continue to be used for the NTEL at this time.  The USEPA UR was retained for several reasons: 1) the USEPA (1991) and CalEPA (1992) values are similar and fall within the range of values considered reasonable estimates of cancer potency by both agencies; 2) USEPA is in the process of developing new toxicity values for formaldehyde; and 3) the current AAL is based on the USEPA (1991) value and thus the NTEL will remain consistent until the new USEPA value is finalized.

The USEPA (1991) UR is based on squamous cell carcinomas observed in the nasal passages of F344 male rats exposed to 0, 2, 5.6, 14.3 ppm (0, 2.5, 6.9, 17.7 mg/m3) formaldehyde by inhalation 6 hours/day, 5 days/week for 24 months as reported by Kerns et al. (1983).  The upper confidence limit on the slope was estimated from a linearized multistage dose-response model (additional risk) of the exposure concentration of formaldehyde and tumor incidence, after correcting for the likelihood of tumors arising in animals lost to interim sacrifice (USEPA 1991).

The tumor response observed in the Kerns et al. (1983) study was supported by the observation of significantly increased incidence of nasal squamous cell carcinomas following chronic inhalation exposure in mice and a second strain of rats in studies by other researchers (USEPA 1991).

There are more than 28 relevant epidemiologic studies evaluating the carcinogenic effects of formaldehyde in workers and residents of mobile homes.  USEPA (1991) concluded that the epidemiologic evidence was “limited” based on the potential for co-exposure to other agents, e.g., wood dust, and the absence of estimates of exposure concentration in some studies.  Although the epidemiologic data were not sufficient for estimating the cancer potency, studies did show evidence of increased lung, buccal cavity and nasopharyngeal cancers in exposed workers compared to non-exposed workers or workers with job classifications where lower exposure was expected (USEPA 1991).  

A number of epidemiologic studies have been published since USEPA last revised the UR for formaldehyde.  The results of these studies were considered in the USEPA draft IRIS assessment of formaldehyde (USEPA 2010).  The NRC committee’s review of USEPA’s draft IRIS assessment concurred with USEPA’s conclusion that there is sufficient evidence of a causal association between formaldehyde and cancers of the nose and nasal cavity and the nasopharynx, but not other types cancer (NRC 2011).  Based on USEPA Cancer Guidelines (USEPA 2005), the NRC committee agrees with USEPA’s designation of formaldehyde as “carcinogenic to humans” (NRC 2011).
Multiple modes of action have been postulated for induction of tumors associated with formaldehyde exposure including genotoxic and cytotoxic mechanisms (USEPA 1991, NRC 2011). 
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	Update History:

TEL/AAL first listed – 1990

TEL/AAL updated and summary added - 2011




� The process used for selecting and deriving Threshold Effects Exposure Limits (TELs), Non-Threshold Effects Exposure Limits (NTELs) and Allowable Ambient Limits (AALs) is described in MassDEP (2011).


� Guidance values are presented with 1 significant figure in units of ug/m3; for convenience, values in units of ppb are calculated based on the rounded guidance value in units of ug/m3 then rounded to 1 significant figure in units of ppb for presentation.


� This summary document provides information about the toxicity data supporting the available toxicity values for this chemical and the rationale for selecting among values.  It is not intended to be a comprehensive summary of all toxicity information for this chemical.


� The UR derived by Chemical Industry Institute of Toxicology (CIIT) was included because this industry derived value has been used by USEPA for regulatory purposes.  Inclusion of this value does not imply that it has the same level of peer review as values developed by regulatory agencies.
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