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	As
Elemental arsenic, sometimes referred to as metallic arsenic, is a steel grey solid material. However, arsenic is usually found in the environment combined with other elements such as oxygen, chlorine, and sulfur. Arsenic combined with these elements is called inorganic arsenic (ATSDR, 2007).

	Massachusetts Air Guidelines
,
:  

AAL  =  0.0003 ug/m3  (annual average concentration)

TEL  =  0.003 ug/m3     (24-hour average concentration)



	Chemical and Physical Properties:  (CalEPA 2008; HSDB 2011)

	Odor Characteristics:
	Odorless 

	Odor Threshold:
	Not applicable

	Irritant: 
	Yes, to respiratory tract, eyes, skin 

	Sensitizer:
	No information

	Chemical Class:
	Inorganic element

	Boiling Point:
	613oC (sublimes) at 760 mm Hg

	Melting Point:
	817 oC (triple point)

	Vapor Pressure:
	7.5 x 10-3 mm Hg at 280oC

	Molecular Weight:
	74.92 (As metal)

	
	

	Critical Effects
:

· Decreased intellectual function measured in children at 10 years of age.

· Known human carcinogen.
· Target organ systems and tissues affected include: peripheral and central nervous systems, peripheral-, cardio- and cerebro-vascular systems, gastrointestinal tract, renal, hepatic, hematologic, reproductive and developmental systems, respiratory tract and skin.



	Potentially Susceptible Populations:

· People with reduced methylating capacity, liver disease, renal disease.
· Children, especially those exposed during early-life.


	TEL Basis for Criteria:

Available chronic noncancer toxicity values:

REL   0.015 ug/m3   (CalEPA 2008)
The REL of 0.015 ug/m3 derived by CalEPA (2008) was used as the basis for the TEL.
TEL = 0.015 ug/m3 x 0.2 (RSC) = 0.003 ug/m3
USEPA (1998), CalEPA (2008) and ATSDR (2007) judged the inhalation data insufficient to derive chronic noncancer health values.  CalEPA, however, derived an inhalation REL based on oral studies and employed simple route-to-route extrapolation to derive an inhalation toxicity value.  This appears to be an appropriate option because the metabolic products of inhaled or ingested arsenic are similar, arsenic species seem to target the same organs and tissues, and the critical effect does not appear to be related to the portal of entry.  Until well designed inhalation studies or PBPK models for route-to-route extrapolation are identified, the CalEPA REL can serve as an appropriate basis for the TEL.  

CalEPA (2008) reviewed a number of epidemiologic studies evaluating adverse effects of inorganic arsenic compounds in children and adults exposed through ingestion of drinking water.  The neurodevelopmental endpoint was selected by CalEPA as the critical effect for deriving a REL for inorganic arsenic compounds.  Data supporting the REL came from epidemiological studies of effects in children conducted by Wasserman et al. (2004).

Wasserman et al. (2004) conducted a cross-sectional study of intellectual function in 201 ten-year old children in Bangladesh (exposure duration 9.5-10.5 years).  This study found a significant dose-response association of decreasing Full-Scale intellectual function raw scores with increasing drinking water arsenic concentration.  Fitting a quadratic model to the Wasserman et al. (2004) data, CalEPA (2008) calculated that ingestion of 2.27 ug arsenic /L in drinking water was associated with the loss of one IQ point.  The loss of one IQ point was considered an adverse effect, equivalent to a LOAEL, and was treated as a minimal effect level in the derivation of the REL (CalEPA 2008).  

To calculate the inhalation LOAEL, CalEPA estimated the concentration of arsenic in air that would result in an equivalent daily dose to that from ingestion of 2.27 ug arsenic /L drinking water.  They assumed a water intake of 1 L/day and essentially complete intestinal absorption to convert the LOAEL of 2.27 ug arsenic /L in drinking water to an intake of 2.3 ug/d (CalEPA 2008).  Assuming 10-year old males would inhale about 9.9 m3 air/d (CalEPA 2000), and 50% pulmonary absorption of airborne arsenic, the oral dose would be equivalent to an inhalation concentration of 0.46 ug/m3 (2.3 ug/day/9.9 m3/d/day x 100% GI absorption/50% pulmonary absorption = 0.46 ug/m3).  Thus, an air concentration of arsenic of 0.46 ug/m3 is equivalent to the LOAEL for ingestion of 2.27 ug arsenic/L and is the basis of the REL (CalEPA 2008).

The REL of 0.015 ug/m3 was derived from the LOAEL of 0.46 ug/m3 divided by a total uncertainty factor of 30.

REL =    0.46 ug/m3   = 0.015 ug/m3
                           3 x 3 x 3
Uncertainty factors:

UFA     (extrapolation from animals to humans)         = 1

UFH-k   (human population variability in kinetics)     = 3

Study considered effects at10 years old, but not as infants or later in life.
UFH-d   (human population variability in response)    = 3

UFL     (LOAEL to NOAEL extrapolation)                = 3

The REL is further supported by the cross-sectional study by Tsai et al. (2003) which investigated the effects of arsenic exposure from drinking water on the cognitive function of adolescents (13-years old) in Taiwan that yielded a REL of 0.05 ug/m3.  In addition to the child-based inhalation values, CalEPA (2008) also calculated adult-based inhalation values from 12 human oral exposure epidemiology studies and determined that the REL based on effects observed in children was lower.
A relative source contribution factor of 0.2 is incorporated into the final vale.



	Cancer Classification:

USEPA (1984):  Class A, human carcinogen

IARC (1980):  Group 1, carcinogenic to humans

NTP (2005):  Known to be human carcinogen

CalEPA (2009):  Human carcinogen



	NTEL Basis for Cancer Assessment:  

Estimates of cancer unit risks are available from USEPA, CalEPA, and WHO:

4.3 x 10-3 per ug/m3  (USEPA 1984) 

3.3 x 10-3 per ug/m3  derived in 1990 by CDHS (CalEPA 2009)

1.5 x 10-3 per ug/m3  derived in 1994 by Viren and Silver (WHO 2000) 

The CalEPA (2009) UR of 3.3 x 10-3 per ug/m3 was selected as the basis for the NTEL.  The NTEL is the ambient air concentration estimated to be associated with a 1 in 1 million risk of cancer.

NTEL = 1 x 10-6/3.3 x 10-3 per ug/m3 = 3 x 10-4 ug/m3 (0.0003 ug/m3)

The three available cancer potency estimates are within a factor of 3 of each other.  All three are based on epidemiological studies of lung cancer in smelter workers.  Based on the MassDEP (2011) AAL updating methodology, the newest unit risk from WHO (2000) would be selected.  However, the CalEPA unit risk value derived in 1990 (reviewed in 2009) was derived in a manner more consistent with the approach MassDEP would use and was selected as the basis of the NTEL.

CalEPA used the lung cancer mortality data from the Tacoma, Washington smelter worker cohort from the analysis of Enterline et al. (1987) to derive the unit risk value.  This study used historical air sampling data to estimate exposure, included workers with up to 29 years of exposure, and permitted quantitative consideration of the interaction of smoking on arsenic lung cancer mortality.  Strong interaction between arsenic and cigarette smoke have been reported in various occupational cohorts.

The unit risk used by WHO (2000) was derived by Viren and Silvers (1994) by pooling the unit risk estimates they calculated from three cohorts, the Swedish cohort (Jarup et al. 1989), Tacoma cohort (Enterline et al. 1987), and the Anaconda cohort used for the EPA unit risk (1984).  The analysis does not explicitly describe whether or how risk contributed by smoking was taken into account.

CalEPA’s unit risk value is estimated from a 95% UCL value of the derived slope factors while both the WHO and the USEPA unit risk values are based on central estimates of the slope factors.
Human studies – In addition to the epidemiological studies noted above, numerous other studies have reported associations between inhaled inorganic arsenic exposures and lung cancer in workers exposed to arsenic at smelters, mines, and chemical factories, and also in residents living near smelters and arsenical chemical factories (USEPA 1984; ATSDR 2007; CalEPA 2008).

Animal studies - Attempts to reproduce arsenic exposure-related cancer in animals have been mainly unsuccessful.  There are no well designed inhalation animal studies.  Two inhalation studies conducted in rats or mice showed no evidence of neoplasms (CalEPA 2009).
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	Update History:

TEL/AAL first listed – 1995.
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.


� 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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