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	Dichloromethane
(Methylene Chloride)

CASRN:  75-09-2

Update:  December 4, 2013


	


	Massachusetts Guideline Limits
:  

AAL  =  60 ug/m3  (≈ 20 ppb)
 (annual average concentration)

TEL  =  100 ug/m3 (120 ug/m3rounded to 100 ug/m3 (≈ 30 ppb)) (24 hour average concentration)


	Chemical Properties:  (ATSDR 2000; CalEPA 2000)

	Odor characteristics: 
	Sweet, pleasant   (ATSDR 2000)

	Odor threshold:
	540-2160 mg/m3 (160-620 ppm)  (ATSDR 2000)


	Irritant:
	Yes, to respiratory tract 

	Sensitizer:
	No information

	Chemical class:
	Colorless liquid

	Boiling Point
	39.75 oC

	Melting Point
	-95.1 oC

	Vapor pressure:
	349 mm Hg at 20 oC (Vershueren 1983)

	Molecular Weight:
	84.93

	Unit Conversion factor:
	3.47 mg/m3 per ppm at 25oC



	Critical Effects
:

· Liver damage and neurological effects.

· Target organ systems affected include: liver, central nervous system, kidney with limited evidence for immune system and respiratory tract. 

· Likely to be carcinogenic in humans by all routes of exposure (USEPA 2011). 


	Potentially Susceptible Populations:

· People with genetic differences in metabolism enzymes leading to an increased rate of metabolism.
· Children receive a higher dose than adults at the same air level because of their smaller size, and higher breathing rate. 


	TEL Basis for Criteria:  

Available chronic noncancer toxicity values:
RfC    0.6 mg/m3  (USEPA 2011)

REL   0.4 mg/m3   (CalEPA 2000)

MRL  1.04 mg/m3  (ATSDR 2000) 

The RfC of 0.6 mg/m3 derived by USEPA (2011) was selected as the basis of the TEL.  A relative source contribution (RSC) factor of 0.2 was applied to derive the TEL.

TEL = 0.6 mg/m3 x 0.2 (RSC) = 0.12 mg/m3  = 120 ug/m3, rounded to 100 ug/m3 (≈ 30 ppb)
The three available toxicity values are within a factor of three of each other.  Therefore the most recent value, the RfC developed by USEPA (2011), was selected as the basis of the TEL.  The ATSDR (2000) MRL is based on the same animal study as the RfC but yields a different value due to differences in methods for deriving the MRL.  The CalEPA (2000) REL is based on an older occupational study with a small number of participants.

The USEPA RfC is based on a chronic inhalation exposure study in rats.  Groups of 90 male and 90 female rats were exposed to 0, 50, 200 and 500 ppm dichloromethane for 6 hours/day, 5 days/week for two years (Nitschke et al. 1988).  At terminal sacrifice, hepatic lesions (hepatic lipid vacuolization and multinucleated hepatocytes) were observed in female and male rats exposed to 500 ppm dichloromethane.  The increase was statistically significant in female but not male rats.  Several additional studies support the findings that hepatic vacuolization is a precursor of toxicity, thus hepatic vacuolization was considered a toxicologically relevant effect by USEPA (2011).  The liver was the most sensitive organ system in several well conducted chronic bioassays in rats and mice (USEPA 2011).

The point of departure for the RfC in units of human equivalent concentration (HEC) was derived from the Nitschke et al. (1988) rat study using a physiologically based pharmacokinetic (PBPK) model (adapted from Anderson et al., 1991) to extrapolate from rat exposure concentration to rat internal dose.  A dose metric of mg dichloromethane metabolized via the CYP pathway/liter of liver tissue/day was used to account for the rate of metabolism of dichloromethane.  Incidence data for hepatic lesions in the female rats from Nitschke et al. (1988) were fit to the available dichotomous models using USEPA Benchmark Dose Software (BMDS) (using internal dose as the dose measure) to obtain the rat internal BMDL10.  The human internal dose was estimated using allometric scaling (body weight to the ¾), of the rat internal dose.  The human equivalent internal BMDL10 was then converted to the HEC using a human PBPK model (adapted from David et al., 2006) that provided a distribution of HECs.  The 1st percentile of the distribution of HECs, 17.2 mg/m3, was used as a point of departure for the RfC.  The point of departure was divided by a composite uncertainty factor (UF) of 30 to derive the RfC.
RfC =       17.2 mg/m3        =  0.57 mg/m3, rounded to 0.6 mg/m3 (0.2 ppm)
            100.5 x 100.5 x 100.5
Uncertainty factors:
UFA (extrapolation from animals to humans)            = 3
UFH (human population variability in response)        = 3
UFL (LOAEL to NOAEL)                                          = 1
UFS (subchronic to chronic)                                        = 1
UFD (combined data deficiencies)                              = 3

The values of 3 selected for both UFA and UFH are intended to account for uncertainty in toxicodynamics, i.e., differences in sensitivity in response to the same dose, and reflects the assumption that uncertainty attributable to toxicokinetics is accounted for in the PBPK models used to extrapolate from animal exposure to HEC (USEPA 2011).  UFL is one because a BMD was estimated and this adjustment was not needed; likewise UFS is one because the RfC is based on a chronic study (USEPA 2011).  The UFD is 3 due to limitations in the database, including limitations in the 2-generation reproduction study and developmental toxicity study, and potential concern for immunologic effects (USEPA 2011).



	Cancer Classification:

USEPA (2011): “likely to be carcinogenic in humans” by all routes of exposure 

IARC (1987): Group B2 - possibly carcinogenic to humans



	NTEL Basis for Cancer Assessment:  
Available estimates of cancer inhalation unit risks:

1 x 10-8 per ug/m3 (USEPA 2011)

1.0 x 10-6 per ug/m3 (CalEPA 2000)
A UR of 1 x 10-8 per ug/m3 derived by USEPA (2011) was selected as the basis of the NTEL.  Because DCM is a mutagenic carcinogen, the UR was adjusted to account for early life susceptibility (USEPA 2005) yielding a UR of 1.7 x10-8 per ug/m3 for calculation of the NTEL.  The NTEL is the ambient air concentration estimated to be associated with a 1 in a million risk of cancer.
NTEL = 1 x 10-6 / 1.7 × 10-8 per ug/m3 = 58.8 ug/m3 rounded to 60 ug/m3
= (17.3 ppb rounded to 20 ppb)

The two available estimates of cancer toxicity are within a factor of 100 of each other.  Because they are greater than a factor of 3 from each other, both values were evaluated as described in MassDEP (2011).  Both UR are based on the same chronic mouse inhalation study (Mennear et al. 1988; NTP 1986); their difference was primarily attributable to the methodologies used to extrapolate from the animal data to estimate the risk for humans.

USEPA (2011) derived the UR from the male mouse lung and liver tumor data sets, used physiologically based pharmacokinetic (PBPK) models to extrapolate from animals to humans, and quantitatively estimated risk for a known sensitive population.

CalEPA (2000) derived the UR from female mouse lung tumor data using an animal to human extrapolation method that incorporated information on only one of the two known metabolism pathways.  Research conducted after CalEPA derived the UR supports the importance of the metabolism pathway not included in their derivation in the mode of action of DCM carcinogenesis.

The unit risk derived by USEPA (2011) was selected as the basis of the NTEL because it used newer information about metabolism, distribution and excretion of DCM in updated PBPK models, as well as using mode of action information and characterizing risk to the sensitive population.

The USEPA (2011) UR is based on liver and lung tumors observed in male mice after 2 years inhalation exposure to 0, 2000 or 4000 ppm DCM for 6 hours/day, 5 days per week (from Mennear et al. 1988; NTP 1986).  To extrapolate from the mouse bioassay data to mouse internal dose, USEPA (2011) modified the mouse PBPK model of Marino et al. (2006).  The human internal dose was estimated using allometric scaling (body weight to the ¾), of the mouse internal dose.  The human exposure concentration was estimated using the probabilistic human PBPK model of David et al. (2006).  These models incorporate both known metabolism pathways of DCM; the pathways catalyzed by cytochrome P450 2E1 (CYP2E1) and glutathione-S-transferase (GST).  The multistage dose-response model (BMDS 2.0) was used to estimate mouse BMDL10 values using internal dose metrics (USEPA 2011).

The GST pathway is responsible for the formation of two reactive intermediates, S-(chloromethyl )glutathione and formaldehyde, that have been proposed to be involved in DCM toxicity (USEPA 2011).  An isoform of GST, GST-theta1-1 (GST-T1), has been identified as the isoenzyme responsible for the metabolism of DCM (Mainwaring et al. 1996; Blocki et al. 1994) and subsequent DNA crosslinking (Casanova et al. 1997).

Among humans, there is a known polymorphism in the GST-T1 gene.  People with two functional copies of the gene (+/+) readily conjugate GSH to DCM and are the most sensitive to the carcinogenic effects of DCM.  Individuals having only one working copy of the gene (+/-) display relatively decreased conjugation ability.  Individuals with no functional copy of the gene (-/-) do not express active GST-T1 protein and do not metabolize dichloromethane via a GST-related pathway (Thier et al. 1998).  The U.S. average distributions of GST-T1 genotypes have been calculated as: 32% +/+; 48% +/-; and 20% -/- (Haber et al. 2002).

Using the probabilistic PBPK model of David et al. (2006), the mean of the distribution of candidate values from the most sensitive (GST-T1+/+) genotype was chosen as the UR for liver and lung tumors combined.  USEPA added the risk for liver and lung tumors using a statistical procedure to avoid double counting the uncertainty in the estimates to derive the dichloromethane UR of 1 x 10-8 per ug/m3.

Adjustment for Early Life Exposure 
USEPA has concluded that DCM is carcinogenic by a mutagenic mode of action.  According to the Supplemental Guidance for Assessing Susceptibility from Early-Life Exposure to Carcinogens (USEPA 2005) those exposed to carcinogens with a mutagenic mode of action are assumed to have increased early-life susceptibility.  Data for DCM are not sufficient to develop separate risk estimates for childhood exposure.  Thus, age dependent adjustment factors (ADAFs) were applied to the UR based on data from animals exposed as adults to estimate life time cancer risk yielding an adjusted UR of 1.7 x 10-8 per ug/m3 (USEPA 2005, 2011).
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� 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.
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