Gallium Arsenide  (Last updated 10/26/2010)
I. Identification

Chemical Name:  Gallium Arsenide

Synonyms: Gallium Monoarsenide

     
CAS Number: 1303-00-0; RTECS No. LW8800000; EC number: 

Molecular Formula: GaAs

     Structural Formula: GaAs

II. Chemical and Physical Properties
   Physical State:  dark gray cubic crystal

   Molecular Weight: 144.6 gm/mole

        Conversion Factors: 1 ppm = 5.9 mg/m3 and 1 mg/m3 = 0.17 ppm

        Melting Point: 1238 °C
        Boiling Point: NA

        Vapor Pressure:  NA

        Odor Description and Threshold: NA
Flammability Limits: not flammable  

Flash Point:  not relevant

Specific Gravity: 5.316 g/cm3

Solubility in Water: < 0.1 g/100 mL (20 °C)

Stability: stable

Reactivity and Incompatibilities: NA

III.  Uses and Volume
Used in the manufacture of devices such as microwave frequency integrated circuits, monolithic microwave integrated circuits, infrared light-emitting diodes, laser diodes, solar cells, and optical windows.  

IV.  Toxicology Data
A.  Acute Toxicity and Irritancy

1.  Oral - Bingham et at 2001 found oral GaAs less toxic than intratracheal in rats, altered hepatic enzyme function (increase in serum aspartate aminotransferase activity gamma-glutamyltranspeptidase, and hepatic malondialdehyde, GaAs had a moderate effect on liver function compared to immunologic or hematologic systems.  

2.  Eye - Grant & Schuman, 1993 found photophobia and blindness in rats give lethal doses of gallium salts.  Bingham et al, 2001 found no cases of photophobia or blindness in humans following exposure to GaAs.   

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

NTP 2000 reported GaAs not mutagenic in several strains of Salmonella typhimurium, with or without S9 metabolic activation enzymes, and no increase in the frequency of micronucleated erythrocytes was observed in peripheral blood of male or female mice exposed to gallium arsenide by inhalation for 14 weeks.
C. Metabolism and Pharmacokinetics

Webb et al 1984 studied relative solubility of three particle sizes of As2O3, GaAs and Ga2O3 in various solutions resembling in vivo conditions.  In general, solubility were As2O3 > GaAs >> Ga2O3, and stated “GaAs was apparently soluble under in vivo conditions.”  In addition, a comparative evaluation was performed by giving rats a one-time dose of GaAs via oral and Intratracheally.  Blood, urine and feces was analyzed for gallium and arsenic, and various signs or toxicity recorded.  In general the adsorption of GaAs was greater for intratracheal instillation than for oral.  Arsenic, but not Gallium, was found in blood and urine samples.  And more gallium than arsenic was found remaining in the lungs and in feces.  

Webb et al 1986 intratracheally dosed rats with GaAs, Ga2O3, and As2O3 at maximally tolerated nonlethal dose.  Two weeks later rats were evaluated.  Ga2O3 exposed rats had increased lipid content of lungs relative to controls, and 36% of gallium dose remained in the lungs.  As2O3 exposed rats had blood arsenic levels of 36 ppm (20% of dose), no particles retained in lungs, significantly elevated lung dry weight, protein, DNA, and 4-HP content.  GaAs doses caused similar effects: elevated lung dry weight, wet weight, lipids, protein, and DNA.  The lungs retained 44% of the gallium and 28% of the arsenic dose.  These rats blood had 44 ppm (7% of the dose) of arsenic and no detectable gallium.  “The primary histopathological observations 14 days after the intratracheal instillation of all metal particulates were an inflammatory response and pneumonocyte hyperplasia.  The biological severity of these lesions in descending order, was GaAs > As2O3 >> Ga2O3.”   

Webb et al 1987 found 5.82 mean volume diameter GaAs particles intratracheally instilled in rats had greater dissolution rate compared to 12.67 mean volume diameter particles.  Blood arsenic levels rapidly increased, and were measured as soon as day one.  Gallium retention in the lungs was greater than arsenic until day 28 when both had about 50% remaining.  Based upon the blood arsenic levels “decreasing the mean volume diameter of GaAs by a factor of two resulted in a doubling of the in vivo rate of dissolution.”  Both particles sizes resulted in pneumocyte hyperplasia, proliferative pneumonia (alveolitis), interstitial pneumonia, perivascular cuffing, and lymphoid hyperplasia.  The smaller particles resulted in edema, fibrosis/fibroplasias, hemorrhage, vascular congestion and alveolar proteinosis.  

Pierson et al 1989 found GaAs dissolved in Gamble solution (resembles lung fluid).  After one hour in the solution an arsenic compound with a higher oxidation state was found.  The ratio of this oxidized arsenic to GaAs after one hour was 0.2.  This ratio increased to 0.6 in three days and 1.25 after ten days. On average three times more arsenic was dissolved in the solution than Ga.  The oxidized arsenic was believed to be As2O3.  

D. Developmental / Reproductive Toxicity

No human studies found in literature search.  A Rat developmental NOAEL of 10 mg/M3, Mast et al 1990, was based on decreased weight and skeletal variations.  In mice no NOAEL was determined because effects were seen at all doses (lowest dose 10 mg/M3).

E. Subacute

NTP 2000, Rats inhaled 1 um MMAD GaAs particles at 0, 1, 10, 37, 75 or 150 mg/M3, 6 hrs/day, 5 days/week for 16 days. All survived and final mean body weights of all groups were similar to controls.  Compared to controls the liver and lung weights of males exposed to 1 mg/M3 or greater and females exposed to 10 mg/M3 or greater were increased.  The thymus weights of all exposed groups of males were decreased.  GaAs particles were visible in the alveolar spaces and, to a lesser extent, within alveolar macrophages of exposed rats.  Moderate proteinosis and minimal histiocytic cellular infiltrate were observed in the alveoli of exposed males and females.  Epithelial hyperplasia and squamous metaplasia of the larynx were observed primarily in males exposed to 150 mg/M3.

NTP 2000, Mice inhaled 1 um MMAD GaAs particles at 0, 1, 10, 37, 75 or 150 mg/M3, 6 hrs/day, 5 days/week for 16 days. All survived and final mean body weights of all groups were similar to controls.  Compared to controls, the lung weights of males and females exposed to 10 mg/M3 or greater were increased.  GaAs particles were visible in the alveolar spaces and macrophages in some mice exposed to 150 mg/M3.  Moderate proteinosis, mild epithelial hyperplasia, and histiocytic infiltration of the lung were observed in males and females exposed to 10 mg/M3 or greater.  In the larynx, mild squamous metaplasia was seen in mice exposed to 10 mg/M3 or greater, and mild chronic inflammation occurred in mice exposed to 75 or 150 mg/M3.  

F. Subchronic Toxicity

NTP 2000, groups of 10 male and 10 female rats inhaled GaAs particles at 0, 0.1, 1, 10, 37 or 75 mg/M3 for 6 hours/day, 5 days/week for 14 weeks.  All survived.  Final mean weight gain for males exposed to 75 mg/M3 was significantly less than controls.  Hematology and clinical chemistry indicated microcytic responsive anemia with erythrocytosis and increased zinc protoporphyrin/heme ratios in exposed groups.  Also increases in platelet and neurtrophil counts, a transient decrease in leukocyte counts, and increases in the serum activities of alanine aminotransferase and sorbitol dehydrogenases.  These changes were greater in males.  Lung weights of all exposed groups were increased; testis, cauda epididymis, and epididymis weights of males exposed to 37 or 75 mg/M3 were generally less than controls.  Total spermatid heads and spermatid counts were significantly decreased in males exposed to 75 mg/M3; epididymal spermatozoa motility was significantly reduced in males exposed to 10 mg/M3 or greater.  GaAs particles were visible in alveolar spaces and macrophages of exposed groups.  Minimal to marked proteinosis and minimal histiocytic cellular infiltration of the alveoli were observed in all exposed groups; minimal squamous metaplasia in the larynx and lymphoid cell hyperplasia of the mediastinal lymph node were observed in some males and females exposed to 37 or 75 mg/M3.  Exposure-related increases in the incidences of plasma cell hyperplasia of the mandibular lymph node, testicular atrophy, epididymal hypospermia, bone marrow hyperplasia (males), and hemosiderosis in the liver were observed in the 37 and 75 mg/M3 groups. 

NTP 2000, groups of 10 male and 10 female mice inhaled GaAs particles at 0, 0.1, 1, 10, 37 or 75 mg/M3 for 6 hours/day, 5 days/week for 14 weeks.  One female mouse exposed to 75 mg/M3 died.  Final mean weight gain for males exposed to 75 mg/M3 was significantly less than controls.  Hematology and clinical chemistry indicated microcytic responsive anemia with erythrocytosis and increased zinc protoporphyrin/heme ratios in male and female mice.  Also increases in platelet and neurtrophil counts.  Lung weights of male mice exposed to 1 mg/M3 or greater and females exposed to 10 mg/M3 or greater were increased.  Testis, cauda epididymis, epididymis weights, total spermatid heads, spermatid counts, and concentration and motility of epididymal spermatozoa were generally decreased.  GaAs particles were visible in alveolar spaces and macrophages of mice exposed to 1 mg/M3 or greater.  Mild to marked proteinosis, histiocytic infiltration and epithelial hyperplasia were observed for groups exposed to 1 mg/M3 or greater.  Minimal to mild suppurative inflammation and granduloma in the lung and squamous metaplasia in the larynx were present in males and females exposed to 10 mg/M3 or greater.  Minimal hyperplasia was observed in the tracheobronchial lymph node of males exposed to 10 mg/M3 or greater and females exposed to 37 mg/M3 or 75 mg/M3.  Exposure-related increase in the incidences of testicular atrophy, epididymal hypospermia, hematopoietic cell proliferation of the spleen, and hemosiderosis of the liver and spleen were observed in groups of male and female mice exposed to 10 mg/M3 or greater. 
G. Chronic Toxicity and Carcinogenicity

NTP 2000, Groups of 50 male and 50 female rats inhaled GaAs particulate at 0, 0.01, 0.1 or 1.0 mg/M3, 6 hours/day, 5 days/week for 105 weeks.  Survivals in exposed rats were similar to controls.  Mean body weights of males exposed to 1.0 mg/M3 generally less than controls throughout; females exposed to 1.0 mg/M3 had slightly lower weights during second year.  Compared to controls, incidences of alveolar/bronchiolar neoplasms were significantly increased in females exposed to 1.0 mg/M3 and exceeded the historical control ranges. Exposure-related nonneoplastic lesions in the lungs of male and female rats included atypical hyperplasia, alveolar epithelial hyperplasia, chronic active inflammation, proteinosis, and alveolar epithelial metaplasia.  In the larynx of males exposed to 1.0 mg/M3, the incidences of hyperplasia, chronic active inflammation, squamous metaplasia, and hyperplasia of the epiglottis were significantly increased.  The incidences of benign pheochromocytoma of the adrenal medulla occurred with a positive trend in female rats, and the incidence was significantly increased in the 1.0 mg/M3 group and exceeded the historical control range.  The incidence of mononuclear cell leukemia was significantly increased in females exposed to 1.0 mg/M3 and exceeded the historical control range.
Groups of 50 male and 50 female mice inhaled GaAs particulate at 0, 0.1, 0.5 or 1.0 mg/M3, 6 hours/day, 5 days/week for 105 (males) or 106 (females) weeks.  Survivals in exposed mice were similar to controls.  Mean body weights of males were similar to controls throughout; females were greater than controls from week 13 to end.  Exposure-related nonneoplastic lesions in the lung of all groups included suppurative focal inflammation, chronic focal inflammation, histiocyte cellular infiltration, alveolar epithelial hyperplasia, and proteinosis.  Increased incidences of minimal lymphoid hyperplasia of the tracheobronchial lymph node occurred in mice exposed to 1.0 mg/M3 and in 0.5 mg/M3 males

males.  
The NTP, 2000 study found nonneoplastic changes (inflammation, proteinosis, and hyperplasia of the alveolar epithelium) in the lungs of both male and female rats including at the lowest exposure level of 0.01 mg/M3.  The study concluded that for higher levels of exposure there was “clear evidence of carcinogenic activity in female F344/N rats based on increased incidences of benign and malignant neoplasms in the lung.” 
H. Other

Flora et al 1996 found inhibited delta-amionlevulinic acid dehydratase activity in blood, reduced glutathione levels and increase zinc protoporphyrin levels after 50 to 200 mg/kg 5 days/wk 3 weeks oral administration to rats.  Goering et al, 1988 heme biosysthesis appears to be due to the gallium component, which may displace the zinc cofactor from the enzyme.  

Burns et al, 1994 found GaAs suppresses function of all cell types involved with the immune response in mice.  Burns & Munson 1993b found GaAs inhibited production of interleukins in mice.  Burns et al 1991 immunosuppression caused by GaAs appears to be due mainly to the arsenic component.

Arsenic trioxide compounds believed to be carcinogens and are believed to be formed post GaAs absorption (NIOSH 1987).  ACGIH 2005 TLV classified GaAs as A3 confirmed animal carcinogen with unknown relevance to humans.  GaAs is not listed separately from arsenic (inorganic compounds) as “known to cause cancer” on Proposition 65 list.

V. Human Use And Experience
No human epi/chronic studies found in the literature search.  Sheehy et al 1993 summarized exposures and controls in GaAs production.  Arsenic exposures averaged at or above 5 ug/M3 in production processes except epitaxy where exposures were lower.  Jones 2001 described GaAs manufacturing facilities, exposure concerns and possible Industrial Hygiene issues.

VI.  Rationale
NTP 2000: Female rats developed lung cancer - NOAEL 0.1 mg/M3.  Rat developmental NOAEL 10 mg/M3 and mice developmental effects seen at lowest dose of 10 mg/M3 (NOAEL), but was not significant until next dose of 37 mg/M3.  Mice exhibited maternal pulmonary toxicity LOAEL 10 mg/M3 (lowest dose in study). Non-neoplastic pulmonary effects appear to be the most sensitive endpoint in animals – alveolar epithelial hyperplasia, chronic active inflammation, and proteinosis.   With these effects seen in the rat at 0.01 mg/M3, adjusting for interspecies variation (10) and subchronic dosing (3) results in an exposure limit of 0.0003 mg/M3.  

VII. Recommended PEL
The HEAC recommends a PEL of 0.0003 mg/M3 respirable particulate to protect against possible non-neoplastic effects in the lung observed as the most sensitive endpoint in rats.  Exposures at this PEL should avoid risk of cancer observed in female rats and developmental effects in rats and mice seen at higher doses.

Other Information:

· No current Cal/OSHA limits for gallium arsenide.  The existing Cal/OSHA PEL for arsenic and inorganic arsenic compounds is 0.01 mg/M3.  Action Level of 0.005 mg/M3 for applicable general industries under the substance-specific standard, section 5214, except agriculture, pesticide application and wood preservative use.  

· Arsenic and inorganic compounds (as As) TLV 1990: 0.01 mg/M3, lung cancer.

· Gallium Arsenide TLV 2004: 0.0003 mg/M3 respirable particulate, to protect against pulmonary inflammation, potential adverse reproductive effects and lung cancer.

· NIOSH Method 7303 (Elements by ICP), Table 1 lists a limit of quantification for arsenic of 0.075 and gallium of 2.25 ug/sample.  This method lists a maximum air volume for arsenic of 5,000,000 L and gallium of 3,300 L.  Thus, the estimated sample limits of quantification would be gallium at 0.68 ug/M3 and arsenic at 0.000015 ug/M3.  Pure GaAs theoretically contains approximately equal mass of gallium (70 gm/mole) and arsenic (75 gm/mole).  An IH might assume the workplace exposure contains only GaAs and not additional exposure to either element independently, thus sample only for arsenic which has a reportedly lower detection.   However, if unknown, it would be best to sample for both arsenic and gallium, compare the ratio and use the lower mass to estimate a total mass (and concentration) of GaAs.  Using this method, one would have to use the gallium limit of quantification (0.68 ug/M3) which would translate into a GaAs concentration of approximately 1.4 ug/M3.  However, one IH lab with ABIH certification verbally reported using ICP with a mass spectrophotometer to obtain detection limits several orders of magnitude lower than the published NIOSH 7303 method.
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