Arsine  (last updated 10/15/2010)
I. Identification

Chemical Name:  Arsenic trihydride, Arsane, Trihydridoarsenic
Synonyms:  Arseniuretted hydrogen, Arsenous hydride, hydrogen arsenide
     
CAS Number: 7784-42-1; RTECS No. CG6475000; EC number: 232-066-3

Molecular Formula: AsH3

     Structural Formula: 




II. Chemical and Physical Properties
   Physical State:  Colorless Gas


   Molecular Weight: 77.9 gm/mole

        Conversion Factors: 1 ppm = 3 mg/m3 and 1 mg/m3 = 0.3 ppm

        Melting Point: −117 °C
        Boiling Point: −62.5 °C
        Vapor Pressure:  11000 mm Hg at 20 oC

        Odor Description and Threshold: slight, garlic or fish like scent above about 0.5 ppm (ATSDR
Flammability Limits:  LEL 5.1 to UEL 78%

Flash Point:  NA (gas)

Specific Gravity:  4.93 g/l (gas)
Solubility in Water:  0.07 g/100 ml (25 °C); about 20%
Stability: generally regarded as stable; decomposes slowly at NTP; decomposes rapidly at elevated temperature or in presence of light.

Reactivity and Incompatibilities: readily oxidized by O2, reacts strongly to oxidizer.

III.  Uses and Volume
AsH3 is used in the synthesis of semiconducting materials related to microelectronics and solid-state lasers.  Arsenic is an n-dopant for silicon and germanium.  AsH3 is used to make the semiconductor GaAs by chemical vapor deposition (CVD) at 700–900 °C: Ga(CH3)3 + AsH3 → GaAs + 3 CH4 

Arsine may be formed when arsenic-containing materials react with freshly formed hydrogen in water or acids, arsenic containing metals (i.e. metal vats) undergo acid washes, or refining of ores (e.g., lead, copper, zinc, iron, and antimony ores) that contain arsenic.  May be used in galvanizing, soldering, etching, burnishing, and lead plating, glass dyes. Can be a trace impurity in acetylene produced from calcium carbide; measured in lead-acid battery production plants.  

IV.  Toxicology Data
A.  Acute Toxicity and Irritancy

1.  Oral – Not anticipated route of exposure.

2.  Eye - Not anticipated route of exposure.

3.  Skin

      a. Absorption - Not anticipated route of exposure.

      b. Irritation – No reports of skin irritation.

      c. Sensitization – No evidence of skin sensitization.

4. Inhalation

NIOSH Criteria Document (1975) “hemolysis (destruction of red blood cells).  It has the ability to combine with hemoglobin within the red blood cell, causing destruction or severe swelling of the cell, rendering it nonfunctional. Inhalation of 250 ppm (800 mg/cu m) of arsine gas is instantly lethal. Exposures of 25-50 ppm (80-160 mg/cu m) for one-half hour are lethal, and 10 ppm (32 mg/cu m) is lethal after longer exposures.”  

B. Genotoxicity

C. Metabolism and Pharmacokinetics

Exposure route via inhalation; rapidly passes into the circulation due to high water solubility.  Oxidized to arsenic dihydride and elemental arsenic; Half-life in humans: 2-4 days; 60% excreted in urine.  

D. Developmental / Reproductive Toxicity

Morrissey et al, 1990 found "Pregnant mice and rats exposed on gestation days 6 through 15 to atmospheric concentrations of arsine (0.025, 0.5, or 2.5 ppm) that caused increases in maternal spleen size and measurable levels of arsenic in maternal blood did not have adverse effects on endpoints of developmental toxicity.” Schusterman et al, 1993 reported “In a study of 303 female electronics workers, no increased risk of spontaneous abortion was found in those exposed to arsine."  Holson et al 1999 gave whole body Arsenic trioxide inhalations of 0.3, 3.0 and 10 mg/M3 to CD females 6 hr/day every day 14 days prior to mating, throughout mating and during gestation.  Found “no treatment related malformations or developmental variations on any exposure level.”  

E. Subacute

F. Subchronic Toxicity

Blair, et al 1990: Increased hemolysis, abnormal RBC morphology, and increased spleen weight; 13-Week Rat and Mouse and 28-Day Hamster Inhalation Study.  Hong et al 1989: Increased hemolysis, increased spleen weight, and impaired compensatory erythropoiesis; 12-Week Mouse Inhalation Study.  Converted into an occupational exposure results in 0.00025 mg/M3: (RfC in mg/M3)(20/10-M3/day)(7/5 days/week)(52/50 weeks/year)(70/40 years/working lifetime).  Applying Landrigan’s correlation to this occupational RfC would result in urinary arsenic concentrations at 12.6 ug/L (background considered to be 12).

G. Chronic Toxicity and Carcinogenicity

Debate centered around form: arsine versus inorganic arsenic compounds:  IARC 2004 Category 1 for arsenic and arsenic compounds: "the agent (mixture) is carcinogenic to humans" and NIOSH 1976 comments to its criteria document includes arsine in inorganic arsenic compounds as carcinogen.  EPA and NTP 'not listed' arsine as a carcinogen.  “There is no human or animal data that show arsine to be carcinogenic.”  Apostoli, 1997; Regarding arsine: “a water-soluble gas, exposure via inhalation only, rapidly excreted via the lungs or metabolized to trivalent arsinic and rapidly excreted via urine.”  ACGIH 2007 arsine TLV documentation states … unlikely to cause lung cancer because short residence time.  Arsine half-life in humans “…quickly cleared from the lung.” (Pershagen 1982).  

Regarding inhalation of inorganic arsenic Enterline et al estimated lung cancer based upon measured urinary arsenic levels.  The SMR for lung cancer = 86.1 + 0.59 X urine arsenic (ug/L).  If one assumes all the arsine is metabolized to inorganic arsenic and excreted in urine, one could estimate the lung cancer risk from arsine by combining Enterline’s and Landrigan’s equations.  The combined equation is: SMR for lung cancer = 93.2 + 1.43 X arsine (ug/M3).   At recommended PEL of 0.016 ug/M3 the SMR for lung cancer would be 116% or increased by about 16%.  Luben et al 2008 studied death records of >8000 arsenic exposed copper smelter workers.  It appeared the SMR increased from 1.02 to 1.32 when the mean per-day exposure increased from the lowest exposure group, 0.29 mg/M3, to the next highest, 0.30 - 0.39 mg/M3.  Luben et al 2000 studied >8000 copper smelter workers exposed to airborne arsenic.  The estimate of the excess relative risk of respiratory cancer was 0.21/(mg/M3-year).  An estimated 40-year exposure to 0.29 mg/M3 gives an excess relative risk of about 2. 
H. Other

V. Human Use And Experience
Arsine Investigation

Landrigan 1982 epi survey at lead-acid battery plant correlated airborne arsine with urinary arsenic.  Arsine was measured in 177 personal air samples from ND to 0.016 ppm.  The highest levels were found in the battery formation area where arsine is generated by the reaction of battery acid with lead-arsenic alloy.  Arsine levels above 0.005 ppm were associated with urinary arsenic concentrations in excess of 50 ug/L (0.67 umol/L).  It was concluded that the current arsine exposure standard, 0.05 ppm fails to prevent chronic increased absorption of trivalent arsenic from the inhalation of arsine.   "The correlation between personal-air-sample arsine levels and urinary arsenic concentration was used to construct the following regression equation: Urine arsenic (ug/L) = 11.99 + 2.43 X arsine in air (ug/M3).  This equation indicates an airborne exposure to 0.005 ppm will be associated with 48 ug/L urinary arsenic." (ACGIH TLV documentation, 2007).  Note this equation sets the ‘background’ urine arsenic level is about 12 ug/L.

Arsenic Investigations Identifying Urinary Arsenic Levels of Concern

Blom 1985 epi survey of copper smelter workers chronically exposed to arsenic neuropathy cases reported “the risk of clinically significant neuropathy is small when exposure is kept below 0.05 mg/M3.”  Because “slightly increased prevalence of subclinical neuropathy manifested as low conduction velocities in peripheral nerves in workers with long-term exposure to airborne arsenic” … “the prevalence of clinical symptoms and signs and elctromyographic abnormalities was, however, approxiamtely the same in both the arsenic workers and age-matched referents.”  Blom reported exposed worker cohort mean urinary arsenic was 71 ug/L, thus applying Landrigan’s correlation indicates an airborne arsine exposure at 0.024 mg/M3.

Lagerkvist 1994 found smelter workers (Blom 1985 smelter) with longer exposures (5 years +) had slower nerve conduction compared to workers with shorter exposure, thus “the adverse effection of arsenic on the peripheral nerves is dependent on long-term exposure rather than on short-term fluctuations in exposure levels.”

Lagerkvist 1988 studied copper smelter workers (Blom’s 1985 smelter) Raynaud’s symptoms and urinary arsenic concentrations before and after a 4 to 8 week work vacation.  Urinary arsenic ranged from 2 to 580 (mean 61) ug/L before vacation and <2 to 40 (mean 8) ug/L after vacation.  No statistically significant difference in finger blood pressure at cooling before and after the vacation.

Lagerkvist 1986 studied copper smelter workers (Blom’s 1985 smelter) Raynaud’s symptoms and found “increased vasospactic reactivity indicated by a low finger blood pressure after cooling, as well as Raynaud’s phenomenon…”.  The exposed workers mean urinary arsenic concentration was 71 ug/L.
VI.  Rationale
Landrigan 1982, based on 177 breathing zone air samples and urine analysis for arsenic in 39 battery production workers, found that mean arsine exposures of 0.005 ppm (0.016 mg/M3) or greater were found to be associated with urinary arsenic concentrations of 50 ug/L or greater.  Landrigan 1982 states with respect to the range of urinary arsenic levels considered “normal” that although it has varied between studies, over 95% of the levels in populations without occupational or other specifically identified exposures have been found to be below 50 ug/L. 

ACGIH in its documentation for the TLV states a TLV-TWA of 0.005 ppm (0.016 mg/M3) will “keep urinary arsenic values below those found to be associated with chronic organ system changes due to systemic arsenic absorption.” 

Farmer et al 1990 indicated the general population has urinary arsenic levels less than 20 ug/L. Regular occupational exposures will range above 50 ug/L (timber treatment, glass manufacture – HSE, arsenical manufacture).   BEI for arsenic in urine is 35 ug/L.  According to the ACGIH, this was set to protect against lung cancer for inorganic arsenic compounds (not for arsine).  “Daily intake of As depends on a number of factors, and ranges between 2 and 92 ug/day in the US. (Soleo, et al, 2008).  The WHO recommended provisional maximum tolerable daily intake of ingested inorganic arsenic of 2 ug/kg body weight.  For 70 kg adult, this is 140 ug/day inorganic arsenic, so assuming complete absorption via lungs of arsine and breathing 10 M3/day, this translates into an air concentration of 0.014 mg/M3 (approx. 0.005 ppm).   Farmer et al 1009 estimated this 140 ug/day intake would give.  If one converts the EPA RfC based upon animal data and a 300 UF into an occupational exposure, it would be 0.25 ug/M3 or 0.08 ppb.   

VII. Recommended PEL
Consistent with the ACGIH TLV, a PEL of 0.005 ppm is recommended to avoid increasing urinary arsenic concentrations significantly beyond what appears to be at or near the level associated with background environmental concentrations of exposure so as to avoid adverse effects including damage to the peripheral nervous system, vascular system, kidney and liver. 

Other Information:

· NIOSH method 6001, Arsine, (actually measures all elemental arsenic) uses a charcoal tube, has a limit of detection of 0.004 microgram total arsenic.  If using the maximum 10 liters, the estimated lowest LOD is 0.00013 ppm.  OSHA method ID-105 for inorganic arsenic may be used for arsine if a backup charcoal tube is used; however the method limit of detection published is not as low as the NIOSH 6001 method.

· Current Cal/OSHA Arsine PEL 0.05 ppm (0.2 mg/M3); Arsenic and inorganic arsenic compounds 0.01 ppm; organic arsenic 0.2 ppm.

· EPA RfC (3/1/94) 0.05 ug/M3, based upon a 300 UF, MF 1; Blair, et al 1990: Hong et al 1989.

· NIOSH Criteria Document (1975; accessed 6/8/2009): 0.002 mg/M3 (0.0006 ppm) 15 minute ceiling; potential occupational carcinogen.

· NIOSH IDLH 3 ppm, hemolysis. 

· OEHHA No Significant Risk Level for Arsenic, inorganic arsenic compounds, 0.06 ug/day via inhalation as carcinogen (dated 2/27/1987; accessed 6/10/2009)

· OEHHA Acute REL 0.16 ug/M3 or 0.057 ppm – 1 hour, hematologic system, (7/8/2009)

· Threshold Limit Value 2007: 0.005 ppm (0.016 mg/M3), ACGIH, peripheral nervous system impairment, vascular system impairment, kidney and liver damage.  

Background Levels and Sources of Arsenic

Arsenic compounds are in household pesticides.  Arsenic 12 to 42 ug/cigarette (BEI documentation, 2001).  Estimated daily intake of arsenic (arsenobetaine, arsenochloine) via food 0.04 mg (no seafood) and 20 mg (with seafood).  "Tolerances for total residues of combined arsenic (calculated as As) in food are established as follows: (a) In edible tissues & in eggs of chickens & turkeys: 0.5 ppm in uncooked muscle tissue; 2 ppm in uncooked edible by-products; & 0.5 ppm in eggs. (b) In edible tissues of swine: 2 ppm in uncooked liver & kidney; 0.5 ppm in uncooked muscle tissue & by-products other than liver & kidney." (21 CFR 556.60, 4/1/2001).  EPA drinking water limit for arsenic 0.01 mg/L.  
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