Supporting Documentation for MassDEP Air Guidelines


	TETRACHLOROETHYLENE


	                         


	CASRN:  127-18-4


	

	Update:  December 8, 2014

	

	Massachusetts Air Guidelines
:  

AAL  =  0.3 ug/m3  (0.04 ppb)
 (annual average concentration)

TEL  =  8 ug/m3  (1 ppb) (24-hour average concentration)



	Chemical Properties:  (HSDB 2011)

	Odor Characteristics:
	Mildly sweet, chloroform-like, ether-like

	Odor Threshold:
	31,000 ug/m3  (Ruth 1986)

	Irritant: 
	Yes, vapors are irritating to respiratory tract, eyes, and mucous membranes at concentrations greater than 500,000 ug/m3 (75,000 ppb)

	Sensitizer:
	No

	Chemical Class:
	Chlorinated solvent

	Boiling Point:
	121.3oC

	Melting Point:
	-22.3oC

	Vapor Pressure:
	18.5 mm Hg at 25oC

	Molecular Weight:
	165.83

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



	Critical Effects
:

· Decreased function of central nervous system (CNS), decreased reaction time and change in color vision.

· Reasonably anticipated to be a human carcinogen.

· Target organ systems affected include the CNS, liver, kidney and hematopoietic system.



	Potentially Susceptible Populations:

· People sensitive to central nervous system sedation, and those with liver or kidney disease.

· Children.



	TEL Basis for Criteria:  

Available chronic noncancer toxicity values:

RfC    40 ug/m3           (USEPA 2012a)
REL    35 ug/m3          (CalEPA 1991)
MRL  270 ug/m3         (ATSDR 1997)
The RfC of 40 ug/m3 by USEPA (2012a) was selected as the basis of the TEL. A relative source contribution factor of 0.2 is incorporated into the final value.
TEL = 40 ug/m3 x 0.2 (RSC) = 8 ug/m3 (1 ppb)

The USEPA RfC and CalEPA REL noncancer toxicity values are very similar while the ATSDR MRL is more than a factor of 3 from them.  Because they are greater than a factor of 3 from each other, all values were evaluated as described in MassDEP (2011).  The USEPA RfC was selected as the basis for the TEL because it is based on newer occupational studies using more sensitive measures of response and used methods to extrapolate from occupational exposure to continuous exposure that are consistent with our preferred approach.
The CalEPA REL was adopted from a USEPA value by CalEPA in 1991 (CalEPA 1991) based on liver toxicity in experimental animals.  Because the basis for the CalEPA REL is not fully described and is based on an animal study when studies in humans are available, the CalEPA REL was not considered for derivation of a TEL.  

The ATSDR MRL is based on consideration of a LOAEL of 15 ppm (101,700 ug/m3) based on decreased reaction time in neurobehavioral tests of women exposed occupationally (Ferroni et al. 1992).  ATSDR adjusted the discontinuous occupational exposure concentration to a continuous exposure concentration under the assumption of 8 hours exposure per 24 hour day, five days per week, yielding a continuous exposure concentration LOAEL of 3.57 ppm, rounded by ATSDR to 4 ppm.  The MRL of 0.04 ppm (270 ug/m3) was derived from the occupational study LOAEL adjusted to a continuous exposure LOAEL of 4 ppm divided by a composite uncertainty factor of 100. 

The USEPA (2012a) RfC is based on the average of two candidate RfCs derived from two studies, Echeverria at al. (1995) and Cavalleri et al. (1994).  Both studies evaluated neurotoxicity in adults exposed to PCE while working as dry cleaners and launderers.  The first candidate RfC is based on a LOAEL of 156 mg/m3 based on changes in cognitive and visuospatial function observed in a study of 65 dry cleaners (Echeverria at al. 1995).  Results of a standardized neurobehavioral battery for the higher exposure categories were compared to results for internal referents, usually counter workers, matched for age and education; changes of 4-14% from the internal referent group were observed at the LOAEL, depending on the subtest (USEPA 2012a).  USEPA adjusted the discontinuous occupational exposure to a continuous exposure concentration using their standard approach (USEPA 1994) to derive a point of departure of 56 mg/m3 = 156 mg/m3 x 10 m3/20 m3 ventilation volume per day x 5/7 days per week.  

The second candidate RfC is based on a LOAEL of 42 mg/m3 based on changes in color vision observed in a study of 35 dry cleaning and laundry workers compared to 35 controls matched for age, alcohol consumption and smoking (Cavalleri et al. 1994).  Color vision performance decreased by 6% on average at the LOAEL (USEPA 2012a).  USEPA adjusted the discontinuous occupational exposure to a continuous exposure concentration using their standard approach (USEPA 1994) to derive a point of departure of 15 mg/m3 = 42 mg/m3 x 10 m3/20 m3 ventilation volume per day x 5/7 days per week.  
The points of departure from both studies were divided by the same composite uncertainty factor of 1,000.  The rationale for each uncertainty factor was the same for both candidate RfCs.
Candidate RfC =    56 mg/m3    =  56 ug/m3  (Echeverria et al. 1995)
                                             1000
Candicate RfC =    15 mg/m3    =  15 ug/m3  (Cavalleri et al. 1994)

                                             1000

Uncertainty factors:

UFA (extrapolation from animals to humans)             = 1

UFH (human population variability in response)        = 10

UFL (LOAEL to NOAEL)                                          = 10

UFD (database uncertainty)                                         = 10
The candidate RfCs are based on studies evaluating effects in humans, thus UFA is 1.  A value of 10 was used for the uncertainty factor UFH, to address uncertainty because the studies evaluated working adults who are expected to be healthier than the overall population and do not represent sensitive populations that could include the elderly, children and people with compromised health, and to address the absence of information about variability in the tested population when population variability in metabolism is expected.  A value of 10 was used to adjust the LOAEL to an estimated NOAEL.  A value of 10 was used to address uncertainty in the underlying database including, deficiencies in the data for evaluating neurological, developmental and immunological effects (USEPA 2012a).
USEPA (2012a) used the arithmetic mean of the two candidate RfCs rounded to 1 significant figure, 40 ug/m3, as the RfC.  The RfC is supported by three epidemiologic studies of residents exposed to PCE while living in buildings collocated with dry cleaners (USEPA 2012a).  While these studies could not be used as the primary studies, they provide evidence of neurological deficits in visual function, and neurological function in people with chronic exposure to PCE (USEPA 2012a).


	Cancer Classification:

USEPA (2012a):  Likely to be carcinogenic in humans by all routes of exposure
IARC (2006):  Group 2A, Probably carcinogenic to humans.

NTP (2011):  Reasonably anticipated to be a human carcinogen.


	NTEL Basis for Cancer Assessment:  

Estimates of cancer unit risks are available from MassDEP and CalEPA.

3x10-6  per ug/m3  (MassDEP 2014)
3x10-7  per ug/m3  (USEPA 2012a)

5.9x10-6  per ug/m3  (CalEPA 2002)

The UR of 3x10-6 per ug/m3 derived by MassDEP (2014) was selected as the basis of the NTEL.  The NTEL is the ambient air concentration estimated to be associated with a 1 in 1 million risk of cancer.

NTEL = 1x10-6/3x10-6 per ug/m3 = 0.3 ug/m3 (0.044 ppb, rounded to 0.04 ppb)

As described in the technical report (MassDEP 2014), MassDEP developed a unit risk value for tetrachloroethylene based on leukemia in rats after extensive review of the unit risk derived by USEPA (2012a) based on liver tumors in mice.  
The MassDEP (2014) unit risk value was derived using mononuclear cell leukemia incidence observed in male and female rats exposed to 0, 50, 200 or 600 ppm PCE, 6 hours/day, 5 days a week by inhalation for 2 years (JISA 1993).  Total metabolized dose, estimating the metabolites arising from both the oxidative and glutathione (GSH) conjugation metabolism pathways, was selected as the dose metric for extrapolating the animal bioassay exposure to human exposure levels.  The harmonized physiological based pharmacokinetic model of Chiu and Ginsberg (2011) provided the dose metric conversion factors.  Although the mode of action is uncertain for PCE, several lines of evidence suggest that the linear low-dose extrapolation assumption is reasonable.  The multistage model (USEPA 2012b) was fit to the experimental data to estimate the lower 95 percent confidence bound on the dose associated with a 10 percent increased risk of cancer (BMDL10).  The unit risk was calculated as 0.1/BMDL10.
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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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