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I. [bookmark: _Toc56691257]INTRODUCTION	
	Substance Name	Aluminum Welding Fume
	CAS	1344-28-1 	Aluminum oxide
	Proposed PEL		0.5 mg/m³ TWA

II. [bookmark: _Toc56691258]CHEMICAL AND PHYSICAL PROPERTIES		

	Aluminum welding fume
	Particle size			0.01 - 0.1 micrometer (µm)
	Density			2702 kg/m³ (2.702 g/cm³)
	Molecular weight		101.96 daltons
	Melting point			2015 C
	Boiling point			2980 C

III. [bookmark: _Toc56691259]USES / APPLICATIONS / OCCURRENCE / EXPOSURE		

Aluminum welding fume, as its name implies, is generated by the welding process on aluminum.  Most aluminum welding is by a tungsten electrode shielded by an inert gas, commonly called GTAW (gas tungsten arc welding) or  TIG welding.  In 1941 the process was perfected using helium as the inert, shielding gas and marketed as heliarc.  The aerospace industry is one of the primary users of gas tungsten arc welding because of their extensive use of aluminum .  In Northern Europe where most of the studies on aluminum welding fume have been conducted, truck and train car manufacture is the primary industry where GTAW is used.  GTAW is finding use in other industries where aluminum is used and is especially useful for welding thin work pieces and non-ferrous metals. 

IV. [bookmark: _Toc56691260]CURRENT EXPOSURE GUIDELINES		

	8 CCR 5155, Table AC-1: Aluminum welding fume	5 mg/m³ TWA
	NIOSH   REL	5 mg/m³ TWA
	ACGIH  TLV	1 mg/m³ TWA Respirable



V. [bookmark: _Toc56691261][bookmark: _Toc56691262]PRODUCTION INFORMATION	PRODUCTION INFORMATION	

	Unknown

VI. [bookmark: _Toc56691263]MEASUREMENT INFORMATION		

	NIOSH 7300 aluminum by ICP (nitric/perchloric acid ashing)
	NIOSH 7301 aluminum by ICP (aqua regia ashing)
	NIOSH 7303 elements by ICP(hot block/HCI/HNO3 digestion)
NIOSH Method 7013 for aluminum and aluminum compounds: Collect particulate matter on mixed cellulose ester (MCE) filter and analyze by atomic absorption, flame for aluminum.  The limit of detection is about 2 micrograms per sample.

VII. [bookmark: _Toc56691264] ORGANIZATIONAL SOURCES AND RECOMMENDATIONS		

	International Aluminum Institute		Chris Bayliss
	New Zealand House				Director, Global Projects
	Haymarket,					bayliss@world-aluminium.org 
	London
	SW1Y 4TE
	T. +44 (0)20 7930 0528
	http://www.world-aluminium.org

	The Aluminum Association, Inc.		Charles Johnson
	1525 Wilson Boulevard, Suite 600		Director, Environmental Health and Safety
	Arlington, VA 22209
	(703) 358-2960
	http://www.aluminum.org

VIII. [bookmark: _Toc56691265]ODOR THRESHOLDS		

	No odor	

IX. [bookmark: _Toc56691266] HEAC HEALTH-BASED ASSESSMENT AND RECOMMENDATIONS		

The ACGIH revised the TLV for aluminum and insoluble aluminum compounds in 2008, reducing the 8-hour time weighted average from 10 mg/m³ total (as a nuisance dust) to 1 mg/m³ respirable.  The basis for the change was a rat study showing a NOAEL of 2.45 mg/m³ and a rat study showing a LOAEL of 2.5 mg/m³. (Piggot 1981) The Piggot study exposed rats to aluminum oxide fibers, the smallest diameter was 0.1 µm, unlike asbestos fibers.  Another form of insoluble aluminum compound fibers, erionite, was found to be 100 to 800 times more potent than asbestos to cause cancer. (National Toxicology Program 2011)  With the exception of the erionite studies, aluminum and insoluble aluminum compounds are not carcinogenic. (Leonard and Gerber 1988)
Studies of human exposure to aluminum flake found the lubricant used to make the flake influence the pathogenicity of the exposure.  When stearin was used to make the flake, there was far less pulmonary irritation than when a petroleum distillate was used.  The size and shape of the flake made a difference whether the exposure cause pulmonary irritation or neurological deficits.  From a number of studies, the smaller the particle size, the greater the likelihood of decrements in cognitive performance.
To simplify the setting of a permissible exposure limit, a single process, welding, was chosen.
Akila (1999) found a positive correlation between aluminum in urine and decrement in cognitive performance among aluminum welders.  Buchta (2003) found a relationship between reaction time and level of aluminum in urine for welders with a median exposure of 0.67 mg/m³ (respirable dust).  No other psychomotor or neurobehavioral decrements were detected when the exposed were compared to controls.  Elinder (1991) found aluminum excretion in welders with 20 to 21 years of experience as much as 10 times higher than non exposed workers for up to 8 years after the last exposure.  Hanninen (1994) found a positive correlation between aluminum in serum and aluminum in urine and neurological deficits including short term memory, learning and attention.  Iregren (2001) found neurological effects among workers exposed to aluminum welding fume, but not to aluminum pot room workers nor workers exposed to aluminum flake, even though the aluminum flake workers had higher aluminum concentration in their urine.  Ljungren (1991) studied aluminum flake workers and found that aluminum is retained and stored in several compartments of the body and eliminated from these compartments at different rates.  Riihimaki (2000) studied aluminum welders and found a positive correlation between both objective neurophysiological and neuropsychological measures and subjective symptomatology and increased aluminum body burden.  Riihimaki (2008) studied aluminum welders and aluminum sulfate workers and found that for kinetic reasons, neither serum aluminum nor urinary aluminum  concentrations could be used to estimate the accumulation of aluminum in the target organs of toxicity.   Rossbach (2006) found that a close relationship between aluminum welding fume exposure and aluminum in plasma or  urine did not exist.  Because of the lack of correlation of body burden to air monitoring this article stresses the importance of biomonitoring for assessment of aluminum exposure.  Vandenplas (1998) showed that aluminum welding fume could trigger asthma.  Sjogren and Ellinder (1992) reviewed a number of studies aluminum welders and found the frequency and severity of psychomotor abnormalities increased with years of exposure, supporting the concept of cumulative toxicity.  Among the studies reviewed in Sjogren and Elinder (1992), workers with an average of 40 years of  exposure at an average of 1.6 mg/m³ (based on an estimate from urinary levels of aluminum) had an increased prevalence of nervous system effects.  On the basis of these observations, these authors suggested that the level of aluminum in welding fumes should not exceed 1 mg/m³.  It is interesting that Sjogren and Elinder (1992) suggested the same OEL as ACGIH.  However, a review of the literature would suggest that 0.5 mg/m³ would be more appropriate. (See Buchta 2003) Kiesswetter et al (2007) conducted a longitudinal study of aluminum welders who routinely wore ventilated helmets.  This study reported the exposures outside the helmets ranged from 5 to 8 mg/m³, but did not report the protective value of the ventilated helmets.  The protection offered by the ventilated helmets was such that neurobehavioral and neurophysiological testing did not find a statistically significant difference in decrement of neurobehavioral performance between the exposed and controls in the 4 years of this longitudinal study..  No other details were given about the ventilated helmets.   Kiesswetter (2009) conducted a longitudinal study of aluminum welders in automobile industry with exposures of 0.5 to 0.8 mg/m³ (total) over a 4 year period and found no measurable decrements in neurobehavioral performance over the 4 years that this study followed the aluminum welders.  In the Kiesswetter 2009 study of automobile workers there was no mention of personal protective equipment, such as ventilated helmets used by the truck and trailer aluminum welders in the Kiesswetter 2007 study.

X. [bookmark: _Toc56691267]HEALTH HAZARD DATA		

It has long been observed that psychomotor abnormalities and neurological deficits, such as short term memory loss, have been associated with aluminum contamination in dialysis fluids.  Further studies have shown that aluminum body burden, hence, exposure, is not associated nor correlated with incidence of Alzheimer’s disease.  With the exception of erionite, a fibrous zeolite, aluminum and aluminum compounds are not carcinogenic.  Particles larger than 1 µm can be pulmonary irritants and heavy exposures can lead to interstitial pulmonary fibrosis.  Particles smaller than 0.1 µm are associated with neurological deficits.  Many aluminum compounds are used as food additives, in water treatment as flocculent, in pharmaceuticals as binders and extenders, in vaccines to increase effectiveness, in cosmetics and personal hygiene products.  These compounds have been studied extensively and are generally regarded as safe (GRAS) for their intended use by the Food and Drug Administration.

Several studies show that the neurological effects of aluminum welding fume exposure accumulate over a working lifetime.  For this reason, I argue for a lower PEL than the 1 mg/m³ guideline based on studies of 4 years duration or less.  When the pulmonary irritation effects of ozone are factored out, there is no evidence that aluminum welding fume is a pulmonary irritant at concentrations less than 1 mg/m³.  When helium is used as the shielding gas, there is much ultraviolet radiation escaping from the shielding gas.  Helium is transparent to UV.  Hence, ozone exposures can be significant with GTAW.

Because the range of particle size of aluminum welding fume is 0.01 to 0.1 µm, a size range that 100% passes any of the industrial hygiene dichotomous samplers, it makes little sense to burden the proposed PEL with dichotomous (respirable) sampling.

XI. [bookmark: _Toc56691268]NOTABLE STUDIES		

Measurable increase on reaction time was found in workers exposed to  0.67 mg/m³ aluminum welding fume in a cross sectional study.  No other neurological or neurobehavioral effects were found.  Median age of subjects was 36 years, years of exposure not reported. (Buchta 2003)   Piggot (1981) determined a NOAEL of 2.45 mg/m³ in a rat study where the end point was pulmonary fibrosis.  This points to the significance of particle size.  Aluminum welding fume ranges from 0.01 to 0.1 µm, whereas the rat study used aluminum oxide fibers, the smallest of which was 0.1 µm in diameter and many µm in length.
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