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RATIONALE 

This report provides information regarding environmentally compliant processes for landing gear applications. This 
document will require periodic review in order to stay up to date with latest environmental regulations.  

This revision updates Sources of Data, SAE Publications, ASTM Publications, and U.S. Government Publications sections 
to reflect current references. The Replacement for Cadmium section has been updated, Primer and Topcoat section has 
been combined, and Replacement of Chrome Plating section has been added to reflect the latest industry replacement 
processes. 
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1. SCOPE 

This SAE Aerospace Information Report (AIR) describes the performance of plating’s and coatings for landing gear that 
potentially provide environmental compliance benefits versus the current baseline processes. The hazardous systems 
addressed in this version of the document include cadmium plating, chromated primers, and high VOC (volatile organic 
compounds) topcoats.  

The AIR applies to landing gear structures and mechanisms for all types of civil and military aircraft. The potential 
replacements apply to both Original Equipment Manufacturer (OEM) hardware and overhaul of in-service landing gears. 

1.1 Background 

This document addresses a number of materials and processes used in landing gear manufacturing and overhaul including 
cadmium, chromium, and Volatile Organic Compounds (VOC). Environmentally compliant requirements throughout the 
world are constantly changing and related materials and processes must be reviewed prior to usage. In the United States 
(US), these substances are controlled in three primary areas: (1) the Occupational Safety and Health Administration (OSHA) 
oversees exposure in the workplace, (2) the Environmental Protection Agency (EPA) oversees airborne emissions via the 
Clean Air Act, and (3) the EPA also oversees waterborne effluent via the Clean Water Act.  The US Department of Defense 
(DoD) Emerging Contaminants Program works with the EPA and Environmental Council of States and has published the 
action list (see Table 1) for chemicals and materials that have pathways to enter the environment and present unacceptable 
risks to humans or the environment. In Europe, the European Union Reach (Registration, Evaluation and Authorization of 
Chemicals) requires companies to register data on +30000 chemicals with the European Chemicals Agency (ECHA) in 
Helsinki, Finland, seek authorization for the use of substances of very high concern (SVHC) and substitute these chemicals 
with safer alternatives for human health and the environment. SVHCs need to be authorized for specific uses if they appear 
in Annex XIV of the legislation.. 

Table 1 - Emerging contaminants action list - January 2016 

Royal Demolition eXplosive (RDX), RDX = Cyclotrimethylenetrinitramine 

Hexavalent Chromium (Cr6+) 

Naphthalene 

Beryllium 

Sulfer Hexafluoride (SF6) 

Lead 

Phthalates 

1-Bromopropane 

Tetrabromobisphenol_A (TBBA) 
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Cadmium is widely used as a sacrificial coating for corrosion protection of steel alloys. However, cadmium is easily removed 
during paint stripping operations, resulting in contamination of stripping media and large volumes of hazardous waste. 
Because low embrittlement cadmium is a soft, easily removable coating, it contaminates virtually everything it physically 
contacts (e.g., wiping rags, hydraulic oil, masking materials). The 1992 OSHA Expanded Standard for Cadmium established 
a Permissible Exposure Limit (PEL) of 5 µg/m3 and reduced the Action Level (AL) to 2.5 µg/m3. This standard went into 
effect in 1996 and put nearly all overhaul operations at risk of violating AL and/or PEL, requiring the use of continually more 
stringent overhaul process control, worker medical surveillance and record keeping. Cadmium levels in effluent are 
regulated by the Clean Water Act, but the needs and capabilities of the local waste water treatment authority require their 
involvement in establishing individual discharge standards. The European Union (EU) has already banned the use of 
cadmium for various applications but exempted flight safety critical parts. European airlines expect the exemption to be 
phased out and are requesting (a) harmonization of maintenance procedures and processes in which cadmium is involved, 
(b) a policy commitment to replace cadmium for aircraft, engines and components and c) consensus on selection of 
cadmium alternatives.  

Hexavalent chromium is a corrosion inhibitor used in chromated conversion coatings and chromated primers. Hexavalent 
chromium is a known carcinogen and a suspected human mutagen. It is the most dangerous form of chromium compounds. 
Once in metallic form, such as hard chrome plate, chromium is not considered a significant environmental problem. Other 
forms of chromium: metallic as in plated hard chrome, or as an ingredient in corrosion-resistant steels; trivalent, as in trivalent 
chrome conversion coatings or solutions, are not considered a significant health, safety, or environmental problem. 

The OSHA Cr6+ PEL issued on February 28, 2006 lowered the upper limit for exposure of workers to hexavalent chromium 
(as Cr) to 5 µg m-3 from its previous 52 µg m-3, measured as 8-h time-weighted averages. This drastic reduction affected 
any industrial process that could generate Cr6+ air emissions, including hard chrome plating, chromic acid anodizing, priming 
and painting, chromate conversion processes, welding, and rework of materials containing chromium. The limit applies to 
all forms of Cr6+, including chromium trioxide, chromic acid and chromates.  

In addition to reducing the PEL for Cr6+, the OSHA rule places a number of burdens on employers, who are now required 
to: 

Monitor employee exposure to Cr6+  

Establish separate regulated areas when Cr6+ levels are expected to exceed the PEL  

Provide respirators for workers exposed above the PEL  

Provide other Personal Protective Equipment (PPE) as necessary for eye and skin protection, together with change 
rooms and wash facilities  

Institute housekeeping activities to control spills and releases of Cr6+  

Provide medical surveillance for employees who are exposed above the PEL, show signs or symptoms of Cr6+ exposure, 
or are exposed in an emergency  

Train workers about Cr6+ hazards, and use signs and labels to communicate the hazards  

Keep records of exposure, surveillance and training.  

Full document details: SAE AIR5479B

http://www.avadocuments.com/doc/sae-air5479b
http://www.avadocuments.com/doc/sae-air5479b

