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I. 
INTRODUCTION TC \l1 "INTRODUCTION

Substance Name
Aluminum, metal




Aluminum alloys 




Aluminum minerals




Aluminum ores


CAS
7429-90-5 Elemental Aluminum


Included Compounds
Aluminum



Aluminum Oxide (Al2O3)



Aluminum Silicates  (xAl2O3•ySiO2)


Aluminum Minerals
Feldsspars



Micas



Kaolins (H4Al2Si2O9)



Magnesium aluminum silicate (Al2O3•MgO•SiO4)



Spinel (MgO•Al2O3)



Garnet (3CaO•Al2O3•Al2O3•3SiO2)



Chrysoberyl (BeO•Al2O3)



Emerald   (2BeO•Al2O3•8H2O)



Turquoise (Al2(OH)3•PO4•H2O)


Aluminum Ores, Bauxites




Aluminum oxide (Al2O3)



Aluminum oxyhydride (Al2OOH)



Aluminum trioxide (Al(OH)3)

II. 
CHEMICAL AND PHYSICAL PROPERTIES TC \l1 "CHEMICAL AND PHYSICAL PROPERTIES
Table 1.  Chemical and Physical Properties

 Name
Formula
CAS 
MW
Density
MP, ̊C1
BP, ̊C

Aluminum
Al
7429-90-5
26.98154
2.702
660.37
2467

Aluminum Oxide

α-Alumina

corundum
Al2O3
1344-28-1
101.96
3.97
2015
2980

Aluminum Oxide

γ-Alumina

Al2O3
1344-28-1
101.96
3.5-3.9

3.60
tr to α


Aluminum Oxide monohydrate

Al2O3•H20
1344-28-1
119.98
3.014
tr


Aluminum Oxide trihydrate

bayerite

Al2O3•3H20
1344-28-1
156.01
3.97
tr


Aluminum hyrdroxide


boehmite
AlO(OH)

59.99
3.01
tr


Aluminum hyrdroxide


diaspore
AlO(OH)

59.99
3.3-3.5
tr


Aluminum oxyhydride
Al2OOH

87

tr


Aluminum hydroxide

Aluminum trioxide
Al(OH)3
90669-62-8
78.00
2.42
tr


Aluminum hydroxide

Alumina hydrate

gibbsite
Al(OH)3
21645-51-2
78.00
2.42
tr


Aluminum Silicate

sillimanite

andalusite

kayanite

Al2O3• SiO2

162.04
3.156
1545
tr

Aluminum Silicate

mullite
3Al2O3•2SiO2

426.05
3.156
tr


Magnesium Aluminum Silicate

pyrope
Mg3Al2(SiO4)3

403.1
3.78
tr


Magnesium Aluminum Silicate

colerainite
MgAl2(SiO4)2
12511-31-8
262.4

tr


Sodium Aluminum Silicate

amorphous
variable composition
1344-00-9


tr


Sodium Aluminum Silicate

synthetic zeolite
14SiO2•Al2O3•

Na2O•3H2O,

( Na2Al2Si14 O32• 3H2O)
1344-00-9


tr


Aluminum chloride hydroxide

aluminum trichloride hexahydrate
AlCl3•6H20
98493-35-7
241.43
2.398
d



Notes:
1.  tr = transitions on heating to another form or arrangement of atoms




     d = decomposes on heating

Table 2.  Physical State and Appearance


 Name
Bulk

crystalline form

index of refraction, η
Film
Particle

Aluminum
silvery, white metal
silvery, white metallic 0.1 - 1000 μm thickness
10 - 1000 μm powder

0.1 - 30 μm dust

0.001 - 10 μm fume

0.01 - 1 μm smoke

Aluminum Oxide

α-Alumina

corundum
solid crystal, colorless rhombic

η = 1.760
2 - 3 μm white on surface of aluminum 
0.001 - 0.1 μm nano particle

10 - 1000  μm white powder

0.1 - 10 mm white granual

Aluminum Oxide

γ-Alumina

White micro crystal, 

η = 1.7



Aluminum Oxide monohydrate

solid crystal, colorless rhombic

η = 1.624

10 - 1000  μm white powder

Aluminum Oxide trihydrate

bayerite

White micro crystal, 

η = 1.583

10 - 1000  μm white powder

Aluminum hyrdroxide


boehmite
white ortho rhombic micro crystal

10 - 1000  μm white powder

Aluminum hyrdroxide


diaspore
colorless rhombic crystals

10 - 1000  μm white powder

Aluminum oxyhydride




Aluminum hydroxide

Aluminum trioxide
white monoclinic crystals

10 - 1000  μm white powder

Aluminum Silicate

sillimanite

andalusite

kayanite

White rhombic crystal, 

η = 1.66

162.04

Aluminum Silicate

mullite
White colorless rhombic crystal, 

η = 1.638, 1.642, 1.653

10 - 1000  μm white powder

Magnesium Aluminum Silicate

pyrope
Red rhombic dodecahedral

η = 1.74



Sodium Aluminum Silicate

 amorphous
variable composition



Sodium Aluminum Silicate

 synthetic zeolites
variable composition



Aluminum chloride hydroxide

aluminum trichloride hexahydrate
White colorless rhombic crystal

η = 1.6

deliquescent
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Aluminum is the third most abundant element on the planet, comprising 8.3% of the earth’s crust.  In nature it occurs primarily as complex silicates.  Aluminum is amphoteric forming both aluminum salts and aluminates.

Aluminum metal has thousands of uses where light weight, half the density of iron, one-third the density of steel, is the key attraction.  Aluminum metal is also finds applications where corrosion resistance is a key attribute.  Pure aluminum is highly malleable and ductile allowing it to be drawn into wire, rolled into sheets and films of almost any thickness, deposited onto almost any surface.  Pure aluminum is a good conductor of electricity and heat.    Aluminum can alloyed with many different elements giving it a wide range of properties in terms of strength, density, melting temperature and corrosion resistance.  Exposures occur during mining the ore; production of aluminum by electrolytic reduction of the oxide; cold cutting, sawing, grinding; polishing the metal; welding, flame cutting.  Aerosol particle size, shape, and composition is dependent on the base metal and process.

Aluminum oxide in bulk form can be gem-quality crystal.  Most aluminum oxide is used in particle form in abrasives, ceramics, catalysts, cosmetics.  Exposures can occur in the handling of the material and in the use of the product.

Insoluble aluminum compounds, including oxides, hydroxides, silicates, and chlorhydroxides, are used in personal hygiene products, cosmetics, pharmaceuticals and food additives.  Aluminum compounds make up the active ingredient in deodorants, antiperspirants, antacids, analgesics, and disinfectants.  Aluminum compounds are used as flocculating and coagulating  agents in water purification and chemical synthesis. 

IV.  CURRENT EXPOSURE GUIDELINES TC \l1 "IV.  CURRENT EXPOSURE GUIDELINES
Ta ble 3.  Current exposure guidelines from Title 8, California Code of Regulations, Section 5155, Table AC-1
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Permissible Exposure Limits


   PEL   (8-hr TWA) 
CAS
NAME





ppm
mg/m³

1344-28-1 
Alumina; see Particulates not otherwise regulated
--
10


Aluminum, alkyls (not otherwise classified)

-- 
2 


Aluminum soluble salts 



-- 
2 



Aluminum metal and oxide 






Total dust 



-- 
10 



Respirable fraction(n) 


-- 
5(n) 



Aluminum pyro powders 



-- 
5 



Aluminum welding fumes 


-- 
5 

300925 
Aluminum distearate 



-- 
10 

7047849 
Aluminum stearate 



-- 
10 

637127 
Aluminum tristearate 



-- 
10 
(n)
The concentration and percentage of the particulate used for this limit are determined from the fraction passing a size selector with the following characteristics: 

Aerodynamic Diameter
in Micrometers
(unit density sphere)



Percent
Passing Selector 


0
.................................................. 
100


1
.................................................. 
97


2
.................................................. 
91


3
................................................... 
74 


4
................................................... 
50 


5
................................................... 
30 


6
................................................... 
17 


7
................................................... 
9 


8
................................................... 
5 


10
.................................................... 
1 


Source: American Conference of Governmental Industrial Hygienists TLV Committee 1968 Proceedings. 
Table 4.  Proposed Exposure Guidelines


 Name
Current OSHA PEL

from Table Z-11
mg/m³
Current Cal/OSHA PEL from Table AC-1

mg/m³
Proposed PEL from ACGIH TLV

mg/m³

Aluminum
15  TWA T

5 TWA R 
10  TWA T

5 TWA R 
1 TWA R

Aluminum metal flake
15  TWA T

5 TWA R 
10  TWA T

5 TWA R 
no guideline

Aluminum powder coated with oxidation inhibiting oil
15  TWA T

5 TWA R 
10  TWA T

5 TWA R 
no guideline

Aluminum Oxide

α-Alumina

corundum
15  TWA T

5 TWA R 

as PNOR
10  TWA T

5 TWA R 
1 TWA R²

10 TWA T or 15 TWA I

Aluminum Oxide

γ-Alumina

15  TWA T

5 TWA R 

as PNOR
10  TWA T

5 TWA R 
1 TWA R²

10 TWA T or 15 TWA I

Aluminum Oxide monohydrate

15  TWA T

5 TWA R 

as PNOR
10  TWA T

5 TWA R 
1 TWA R

Aluminum Oxide trihydrate

bayerite

15  TWA T

5 TWA R 

as PNOR
10  TWA T

5 TWA R 
1 TWA R

Aluminum hyrdroxide


boehmite
15  TWA T

5 TWA R 

as PNOR
10  TWA T

5 TWA R 
1 TWA R

Aluminum hyrdroxide


diaspore
15  TWA T

5 TWA R 

as PNOR
10  TWA T

5 TWA R 
1 TWA R

Aluminum oxyhydride

10  TWA T

5 TWA R 
1 TWA R

Aluminum hydroxide

Aluminum trioxide

10  TWA T

5 TWA R 
1 TWA R

Aluminum Silicate

sillimanite

andalusite

kayanite

15  TWA T

5 TWA R 

as PNOR
10  TWA T

5 TWA R 
1 TWA R

Aluminum Silicate

mullite
15  TWA T

5 TWA R 

as PNOR
10  TWA T

5 TWA R 
1 TWA R

Magnesium Aluminum Silicate

pyrope


1 TWA R

Sodium Aluminum Silicate

 amorphous

2 TWA T
no guideline

Sodium Aluminum Silicate

 synthetic zeolites

10  TWA T

5 TWA R 
1 TWA R

Aluminum chloride hydroxide

aluminum trichloride hexahydrate

10  TWA T

5 TWA R 
1 TWA R

Aluminum pyro powders

5 TWA T
1 TWA R

Aluminum nano powders

no guideline
no guideline

Aluminum welding fumes

5 TWA R
1 TWA R

Aluminum alkyl compounds NOS

2 TWA T
no guideline

Aluminum soluble salts

2 TWA T
no guideline

Aluminum stearate

10 TWA T


Aluminum distearae

10 TWA T


Aluminum tristearate

10 TWA T 







Note 1:
T = Total

R = Respirable Fraction


I = Inhalable

Note 2:
The choice of sampling respirable or total/inhalable depends on the source of the particulate matter.  If the MMAD is greater than 7 µm, use total or ihalable criterion; if the MMAD is less than  7 µm, use respirable sampling and criterion.  If the MMAD is not known, both respirable and total/inhalable should be sampled.
V.  PRODUCTION INFORMATION TC \l1 "V.  PRODUCTION INFORMATION
In the United States in 2008, 6 companies operated 14 primary aluminum smelters; 4 smelters were temporarily idled and 1 that had been idle since 2000 was demolished in 2007.  Aluminum consumption was centered in the East Central United States.  Transportation accounted for an estimated 37% of domestic consumption; the remainder was used in packaging, 23%; building, 13%; electrical, 8%’ machinery, 8%; consumer durables, 7%; and other 4%.

In 2004 primary aluminum was produced in 41 countries with China, Russia, Canada and the United States being the largest producers.  In 2004 worldwide production of aluminum was 30 million tonnes (3x1010 kg), alumina 63 million tonnes, and aluminum hydroxide 5 million tonnes.  In 2008 the USA produced 2.64 million tonnes aluminum in primary smelters, 1.4 million tonnes in secondary (from old scrap) smelters.  The US imported for consumption 4.3 million tonnes and exported 3.8 million tonnes.

VI.  MEASUREMENT INFORMATION TC \l1 "VI.  MEASUREMENT INFORMATION
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.

NIOSH Method 0500 for particulate matter not otherwise regulated (PNOR) recommended by OSHA for alumina

NIOSH Method 0600 for respirable particulate matter not otherwise regulated (PNOR) recommended by OSHA for alumina

NIOSH 7300 elements by ICP (nitric acid washing)

NIOSH 7301 elements by ICP (aqua regia washing)

NIOSH 7303 elements by ICP (hot block/HCI/HNO3 digestion)

VII.  ORGANIZATIONAL SOURCES AND RECOMMENDATIONS TC \l1 "VII.  ORGANIZATIONAL SOURCES AND RECOMMENDATIONS

OSHA

Aluminum metal, aluminum oxide, and insoluble compounds


15  mg/m³ TWA


5 mg/m³ TWA respirable fraction


ACGIH
Aluminum metal and insoluble compounds


1 mg/m³ TWA, respirable particulate matter, A4 not classifiable as a human carcinogen


NIOSH
Aluminum metal


10 mg/m³ TWA total dust


5 mg/m³ TWA respirable fraction


Aluminum alkyls, not otherwise specified


2 mg/m³ TWA

DFG (Germany)
Aluminum metal and insoluble compounds


4 mg/m³ TWA inhalable


1.5 mg/m³ TWA respirable fraction

Poland

Aluminum oxide


2 mg/m³ TWA MAC


16 mg/m³ STEL

Switzerland
Aluminum oxide


2 mg/m³ 2 week TWA

Sweden

Aluminum metal and insoluble compounds


4 mg/m³ TWA respirable fraction


10 mg/m³ TWA total

Russia

Aluminum oxide


2 mg/m³ TWA

Belgium

Aluminum oxide


10 mg/m³ TWA

Denmark

Aluminum oxide


10 mg/m³ TWA

France

Aluminum oxide


10 mg/m³ VME

United Kingdom
Aluminum metal and insoluble compounds


4 mg/m³ TWA respirable fraction


10 mg/m³ TWA inhalable

VIII.  ODOR THRESHOLDS TC \l1 "VIII.  ODOR THRESHOLDS
Not applicable.  The metal and its insoluble compounds have no discernable odor.

IX.  HEAC HEALTH-BASED ASSESSMENT AND RECOMENDATIONS TC \l1 "IX.  HEAC HEALTH-BASED ASSESSMENT AND RECOMENDATIONS
Human health effects associated with inhalation of particulate aluminum and insoluble aluminum compounds are irritation of the respiratory tract and neurological.  Studies have not found mutagenic nor carcinogenic nor reproductive effects.  No cause and effect has been demonstrated between exposure to aluminum and Alzhemer’s disease.  Although soluble aluminum compounds have been found to have an effect on reproductive health, there has been no documented evidence of effects on reproductive health from aluminum nor insoluble aluminum compounds.

Two approaches are possible to set a PEL for Aluminum and Insoluble Compounds.  One approach that has been used in the past is to set the PEL so low that adverse effects are unlikely for any of the products covered by the PEL.  Another approach is that taken by the European REACH regulations, to set guidance for each specific product in the form of a derived no effect level (DNEL).  The merit of the REACH approach stems from the observation that the effects of exposure appear to depend on the particle’s physical characteristics as well as the chemical composition.  ACGIH has taken the first approach and revised the TLV down to a level that would protect the majority of workers exposed to the products covered by the TLV.

The TLV is based on protecting workers from the neurological effects of aluminum and its insoluble compounds.  Studies have shown a minute amount of aluminum reaches the brain and bone from what are otherwise considered insoluble compounds.  Available epidemiological studies indicate that 1 mg/m³ would provide protection from neurological effects.  The studies upon which the TLV is based support a reduction in the respirable PEL from 5 mg/m³ to 1 mg/m³ for aluminum metal and insoluble compounds.  Studies of aluminum welders suggest that this level is protective against subtle neurological effects, including memory and concentration difficulties, fatigue and emotional lability .  Chronic alumina inhalation studies with rats establish a no observed adverse effect level (NOAEL) of 2.45 mg/m³. (Piggot el al 1961) Using the studies of aluminum welders with their concomitant exposure to ozone and oxides of nitrogen and the Piggot rat study provides a UF of less than 2.5 for the proposed PEL of 1 mg/m³.

There are many studies that show alumina (aluminum oxide, Al2O3) is insoluble and can be treated as particulate matter not otherwise regulated (PNOR).  However, more than a dozen animal inhalation studies all used respirable sized particles, 0.004 to 7 µm diameter.  These studies all showed an increase in the concentration of aluminum in bone and brain tissue, showing that  alumina is slightly soluble in biological fluids.  Because none of the studies addressed the effects of larger particles, they do not provide a basis for a total PEL vs. a respirable PEL.  Miller and Sayers found that alumina particles smaller than 40 µm diameter produced a “nuisance particulate” reaction in animals. (Miller and Sayers 1941)  On the basis of the Miller and Sayers report a PEL of 10 mg/m³ for the various forms of aluminum oxide would be reasonable as long as the MMAD is greater than 5 µm.  There are no studies to show that the point of departure (POD) between respirable and total sampling should be 5 µm, 7 µm, or 10 µm MMAD.

X.  HEALTH HAZARD DATA TC \l1 "X.  HEALTH HAZARD DATA
The health hazard associated with aluminum powders and powders of insoluble aluminum compounds depends on their morphology (size, shape, and surface area), bulk density, aluminum content, and surface adherents.  While respiratory symptoms depend on size, shape, and surface area, neurological symptoms correlate with body burden as measured in serum, urine and various tissue.

While there are many epidemiological studies of exposure to aluminum, their results are difficult to interpret the relationship of exposure to measurable effects of aluminum because of confounding concurrent exposure to other chemicals.  Examples are aluminum pot workers where bauxite is electrolytically reduced to aluminum and workers are exposed to PNAs from the carbon electrodes; aluminum flake workers where incidence of interstitial pulmonary fibrosis was reduced by changing from petroleum oil lubricant to stearin-based lubricant.

Many animal studies have been published for the compounds used in personal hygiene and cosmetic products.  These studies show neurological effects at high dose levels and pulmonary irritation with high concentration inhalation studies.

The only studies on maternal and fetal toxicity were based on soluble aluminum compounds, aluminum chloride and aluminum lactate.  Domingo reviewed reproductive and developmental toxicity of aluminum compounds and found only effects at high doses of soluble aluminum compounds. (Domingo 1995)  High doses could cause neurodevelopmental effects in rats (lowest observed adverse effect level [LOAEL] = 250 mg/kg/day.) (Golub et al, 1987, 1992)

XI.  NOTABLE STUDIES TC \l1 "XI.  NOTABLE STUDIES
Musk studied workers in three  aluminum refineries in Western Australia exposed to bauxite and alumina.  The geometric mean of 4-hour time weighted average exposures ranged from 0.53 to 4.0  mg/m³ for bauxite and 0.98 to 2.18  mg/m³ for alumina.  No adverse respiratory symptoms were reported. (Musk et al 2000)

Bauxite miners did not exhibit respiratory symptoms studied by Beach et al. when exposed to 0.14 to 0.26 mg/m³ respirable dust (0.44 - 0.65 “inspirable” dust).  No adverse changes in FEV1 and FEC and no respiratory symptoms were reported.  (Beach et al. 2001)

Riimaki et al. (2000) studied aluminum welders using metal inert gas (MIG) welding systems and compared them to mild steel welders.  They reported a dose dependent relationship between aluminum levels in serum and urine and neurological symptoms.  Based on quantitative results of EEG and neurophysiological questionnaires they found a threshold for adverse effects of 250-350 nmol/L (6.8-9.5 µg/L) for serum aluminum levels and urinary aluminum threshold of 6-8 µmol/L (108-162 µg/L).  Unreliable estimates of bioavailability, generally less than 1 %, make it difficult to correlate serum levels with airborne concentration for  inhalation.

Priest reviewed current literature and concluded that aluminum is not a causal factor in Alzheimer’s Disease. (Priest 2004)

Patients on renal dialysis have developed encephalopathies that have been traced to aluminum in the dialysis fluid. (Alfrey, et al, 1976, 1980) Development of dialysis encephalopathy is dose dependent in relationship to body burden as measured in tissue.  Threshold of symptoms is in the same range as the threshold for CNS effects seen in aluminum welders, 3-7 µmol/L. (Riihimaki 2000)
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