A Holistic Approach to Managing Asbestos Hazards

Andrew F. Oberta, MPH, CIH

The Environmental Consultancy

Austin, Texas, USA

www.asbestosguru-oberta.com

Abstract


 SEQ CHAPTER \h \r 1Voluntary consensus standards for asbestos control work in concert with each other and complement regulations of government agencies. Three standards published by ASTM International are discussed, with emphasis on asbestos-cement products due to their widespread use worldwide. The standards cover inspection, sampling and analysis to identify asbestos-containing materials, assessing potential exposure hazards and prioritizing decisions for removal and managing in place, and conducting removal and maintenance operations. The importance of training, communication and infrastructure activities involving regulators, workers' representatives, NGOs and others is discussed. A list of resources including standards, regulations and guidelines from various organizations is provided in the appendix.


Asbestos-cement roofing, siding, ducts, pipes and other products account for nearly all of the worldwide production of chrysotile fiber. The assertion that the fibers are encapsulated in the cement matrix and thus are incapable of being released creates a false sense of security against exposure hazards. Working with these materials in a manner to minimize exposure is the subject of one of the standards discussed. Some Myths and Facts concerning asbestos-cement products are discussed.
INTRODUCTION

The health effects of breathing asbestos fibers are so well known that they need not be documented in this paper. Historically, the affected individuals have mostly included workers in the mines, mills and factories where the fiber and numerous products were produced, as well as those who installed the products in buildings and facilities. More recently, attention has been focused on those who work around asbestos-containing materials as part of construction or maintenance activities. Soil contamination by asbestos fiber in the form of debris from manufactured products and "naturally-occurring asbestos" is receiving an increasing amount of attention.


This paper addresses only asbestos-containing materials that have already been manufactured and installed in buildings and facilities. It neither addresses nor encourages the continued manufacture of asbestos products or the installation of new or existing asbestos products in any building or facility.


The management of asbestos-containing materials  in buildings and facilities is accomplished through government regulations, contracts and tenders for work, health and safety policies and voluntary consensus standards. ASTM International
 is the world’s largest publisher of such standards for products, systems and services, including those discussed in this paper. 

THREE STANDARDS AND HOW THEY WORK TOGETHER


Three standards describe how asbestos-containing materials (ACM) are found in buildings and facilities, how the risk of exposure they present is assessed, how priorities for removal are set and how removal and management in place are accomplished:

· ASTM E2356 Standard Practice for Comprehensive Building Asbestos Surveys 
· ASTM E1368 Standard Practice for Visual Inspection of Asbestos Abatement Projects
· ASTM E2394 Standard Practice for Maintenance, Renovation and Repair of Installed Asbestos Cement Products 


These standards are the subject of the ASTM Manual on Asbestos Control: Surveys, Removal and Management – Second Edition. 
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Baseline Survey


E2356 describes a Baseline Survey to provide information on the type, location and quantity of asbestos-containing materials for their long-term management. The standard requires bulk sampling and requires that respiratory protection be worn while sampling suspect materials. The standard requires analysis of samples by Polarized Light Microscopy (PLM), which is adequate for friable materials and some non-friable materials including asbestos-cement products. For non-friable organically bound materials with short fibers and interfering matrices such as vinyl floor tile, the standard requires confirmation of negative PLM results by Transmission Electron Microscopy (TEM).


The standard stresses the concept that a survey consists of more than taking bulk samples and requires documentation of every functional space inspected whether or not samples were taken therein. All accessible locations are inspected unless exclusions are made in the interest of safety, security or other reasons and all suspect materials, friable and non-friable, regardless of location inside or outside the building are sampled and assessed.
Sampling Techniques


An appendix to E2356 contains detailed procedures for collecting samples of eighteen different friable (weakly-bound) and non-friable suspect asbestos-containing materials:

	 SEQ CHAPTER \h \r 1Thermal system insulation 


Pipe insulation 


Duct insulation 


Skim coat 


Boiler, breeching and tank insulation
	 SEQ CHAPTER \h \r 1Surfacing material

Fireproofing


Plaster


Textured finishes


Soundproofing


	 SEQ CHAPTER \h \r 1Miscellaneous friable materials*

Sheet vinyl flooring


Vibration dampeners


Acoustical ceiling tiles


Loose fill insulation


Glued-on tiles


Gaskets and packing


Wallboard systems
	 SEQ CHAPTER \h \r 1Miscellaneous non-friable materials*

Resilient floor tile and mastic 


Roofing materials


Asbestos-cement materials

	
	* Miscellaneous materials are those that do not meet the definitions of thermal system insulation or surfacing material 



For each material the necessary equipment and supplies, including proper containers for storage and transport,  are identified. The procedures describe removal of the sample using wet methods and hand tools in a manner that minimizes the release of airborne fibers and debris; for example, samples of friable materials must be placed in rigid, non-breakable sealable containers. Detailed steps for clean-up and equipment decontamination procedures are included.
Assessment Protocol


In addition to taking bulk samples of materials that may contain asbestos for analysis in a laboratory, the inspector assesses the Current Condition and Potential for Disturbance of different types of ACM in various locations. Based on his visual observation, the Current Condition (CC) of each material is categorized as shown below: A rating of "1" represents the low end of "Poor" and "10" represents the high end of "Good," i.e. completely intact material.
	Qualitative Ranking
	Numerical Ratings
	Description of ACM

	Poor
	1, 2 or 3
	Extensive damage and/or visible debris

	Fair
	4, 5, 6 or 7
	Moderate amounts of damage and/or visible debris

	Good
	8, 9 or 10
	Little or no damage or visible debris



Anticipating what might happen to ACM in the future – its Potential for Disturbance (PFD) -- is more complex.  Disturbance is "...activities that disrupt the matrix of ACM, crumble or pulverize ACM, or generate visible debris from ACM." The inspector assesses each material based on one or more of the factors shown below:

	Qualitative Ranking
	Numerical Ratings
	Assessment factors

	
	
	Physical disturbance
	Environmental disturbance

	Low
	1, 2 or 3
	accessibility
	activities
	vibration
	air / dust
	water damage
	corrosive

	Medium
	4, 5, 6 or 7
	
	
	
	
	
	

	High
	8, 9 or 10
	
	
	
	
	
	



Physical disturbance considers the accessibility of the material by workers during normal facility operations, including maintenance and repair, and the activities performed near the material - what people do and how often they do it. Environmental disturbance considers sources of vibration, such as operating machinery, HVAC equipment, whether air currents are strong enough to dislodge loose ACM or if airborne dust can erode the material.  Water from a leaking roof or pipe may have damaged the material. The material may be subjected to a corrosive atmosphere or liquids that can erode the matrix and expose asbestos fibers.

The table below contains assessment data for four examples of friable and non-friable asbestos-containing materials. Two are in good condition and not very susceptible to disturbance while two are in poor condition and highly vulnerable to disturbance. The table shows that the materials at the top of the list are the most in need of attention while those toward the bottom can be left in place. This is the first step in deciding which ones to remove and which to keep managing in place, a process called Operations and Maintenance or O&M.

	Asbestos-Containing Materials
	Assessment ratings

	
	Current Condition
	Potential for Disturbance

	Damaged tank insulation
	2
	9

	Damaged floor tile
	3
	8

	Damaged cement roofing
	2
	3

	Intact pipe insulation
	9
	3

	Intact cement roofing
	9
	2



NOTE: This protocol is not an algorithm! The ratings are not added, multiplied or arithmetically combined in any manner. They are tabulated as above and plotted on an
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Figure 1.  Abatement vs O&M Decision Chart for friable and non-friable ACM
 SEQ CHAPTER \h \r 1Abatement vs O&M Decision Chart (Figure 1). The closer to the upper left corner the rating for a particular ACM is plotted, the greater the risk of exposure to asbestos fibers and consequently the higher the priority is for removing the ACM. The area above the curved line is called the Abatement region where removal is usually the preferred action. Below the line is the O&M region, and the closer to the bottom right corner the rating for a particular ACM is plotted, the lower the risk of exposure and therefore managing it in place is more feasible.

The position and shape of the line in Figure 1 biases decisions toward O&M, which occupies more area of the chart than removal. This indicates that O&M would be of less-than-average complexity and frequency. Whether to remove ACM or leave it in place is a matter deserving consideration of other factors besides the assessment rating, such as the proficiency of the O&M crew doing the work. 

For ACM with assessment ratings toward the bottom of the table and near the lower right corner of the chart an O&M program can minimize the chances for disturbance and exposure of workers and occupants. An important part of this program is training that begins at the Awareness level with a discussion of the health hazards of asbestos, how to recognize ACM and how to avoid damaging or disturbing it. For those whose work requires repairs and removal of small amounts of ACM using glove bags, mini-enclosures, special drilling techniques and other “small-scale, short-duration” operations, additional training is needed. This limited training does not qualify individuals to perform asbestos removal as described in the following sections, which requires even further instruction.


Making decisions about removing ACM or managing it in place is not a simple matter of drawing a line on a chart. The benefit of doing so is to encourage an honest evaluation of the overall asbestos management program as part of the decision-making process.

Project Design Survey


E2356 further describes an approach for collecting information to prepare plans and specifications for an asbestos removal project, known as the Project Design Survey. Such a survey should be conducted regardless of whether a Baseline Survey and Assessment have been done. The standard covers eighteen design issues that may arise during an abatement project that do not depend on the results of bulk sampling, including


• Estimation of ACM quantities to be removed


• Utilities for contractor use including water and power


• Emergency exits to be maintained in occupied buildings


• Inaccessible ACM and how it will be protected against disturbance


• Hazardous locations where work may have to be performed


During a Project Design Survey additional inspections are performed in the areas where abatement will be conducted and may require that walls, ceilings and other solid surfaces be breached to find concealed ACM. 

Asbestos Removal


E1368 Standard Practice for Visual Inspection of Asbestos Abatement Projects describes an approach for managing an asbestos removal project performed under a contract or tender overseen by the building owner or his representative. The standard requires, first of all, a thorough project design prepared on the basis of a Project Design Survey as described above. Asbestos abatement (removal) is viewed as a process that requires cooperation between the contractor performing the work, the owner and his representative who oversees and approves the work to be successful.  The emphasis is placed on continuing surveillance throughout the project so that problems can be resolved as early as possible. Visual inspections are performed by the project monitor, who is the owner’s representative, at three critical stages of the project and must be passed before work can proceed to the next phase:


• Completeness of preparation – For work inside a building and where feasible on outside structures, a negative pressure enclosure must be in place and operational, providing the required air exchange rate and pressure differential. All surfaces must be protected against contamination, utilities must either be available or disconnected as required, decontamination facilities for personnel must be in operation and facilities for load-out of waste and equipment must be established.


• Completeness of removal – After the ACM has been removed from the pipes, tanks, beams, ceilings, floors or other components or surfaces where it was installed, the project monitor inspects these components and surfaces at close range for unremoved material and residue. All surfaces must be visibly clean to pass this inspection, which is conducted with the assistance of the contractor’s supervisor and workers. Minor clean-up may be performed but excessive residue or overlooked ACM is cause to fail and terminate the inspection. After passing this inspection, the contractor applies sealer to lock down invisible fibers, then cleans and removes plastic sheeting covering protected surfaces inside the enclosure.


• Completeness of clean-up – After the contractor has cleaned the area inside the negative pressure enclosure (still operating) as thoroughly as possible, but with critical barriers and decontamination facilities still in place and being used, the project monitor inspects the area for evidence of visible debris. All visible debris must be cleaned up before final air samples are taken for clearance.


The number of clearance air samples taken depends on the size of the negative pressure enclosure and analysis is usually by Phase Contrast Microscopy but Transmission Electron Microscopy (TEM) is also used.
 Based on the visual inspections, clearance air sample results and waste disposal records, the owner’s representative releases the area for further construction or for re-occupancy. 


The same basic approach applies to non-friable materials inside and outside of buildings, including floor tile and asbestos-cement products, although preparation and containment requirements may not be as stringent as for friable materials located inside buildings. Variations on the above approach are addressed in E1368 for abatement with glove bags and in crawl spaces under buildings, and for O&M work.

Asbestos-cement products 


 ASTM E2394 Standard Practice for Maintenance, Renovation and Repair of Installed Asbestos Cement Products addresses the most widely-used asbestos product worldwide. It covers operations that can be performed with hand tools and readily-available materials when small amounts of asbestos-cement materials must be disturbed and removal is not a feasible option.


The primary exposure hazard comes from working on asbestos-cement products in the course of maintaining, renovating and repairing the buildings and facilities in which they are currently installed. Some common  products – by no means an exhaustive list – include roofing materials and siding as corrugated and flat panels, tanks, cooling towers, pressure and non-pressure pipe, ventilation and electrical ducts, exhaust flues, gutters and downspouts, laboratory tabletops, fume hoods, garden and greenhouse fixtures and furniture. Manufacturing waste has been used for  pavement.


The standard describes the operations that can release asbestos fibers, including drilling, cutting, breaking, sanding, grinding, filing, dismantling, surface cleaning and scraping . Dust and fiber release from these operations can be controlled by keeping the material wet, and a thickened substance such as shaving cream traps debris when low-speed power tools are used. Tests have shown that, when working with small amounts of material and following these procedures, airborne fibers levels can be kept below levels above which regulations require respiratory protection. The use of respirators, however, is still recommended where feasible. Wet methods of clean-up suffice and the use of HEPA-filtered vacuum cleaners is not advised unless workers are trained in their use and maintenance.


The use of high-speed power saws, grinding, high-pressure water-blasting and compressed-air cleaning are expressly prohibited. The standard also discourages the recycling and re-use of removed asbestos-cement materials.
The appendices contain detailed work practices for repair of underground pipes, underground electrical ducts, and asbestos cement panels.


While ASTM E2394 does not directly address large-scale removal of asbestos-cement products, the concepts of using wet methods, hand tools and low-speed power tools are equally applicable to this level of work. The main difference is the need to use mechanical equipment to handle large, heavy sheets of roofing and siding. This must be done in a way that prevents or at least minimizes breakage and shock due to dropping the sheets that could release fibers from the surfaces. For work on this scale,  SEQ CHAPTER \h \r 1respirators and other personal protection and decontamination measures, will be required
Myths and Facts of Asbestos-Cement Products 


 SEQ CHAPTER \h \r 1It is a Myth that fibers are firmly locked in a cement matrix. The Fact is that fibers are readily released from surfaces that have deteriorated from weathering or other causes. This has been shown with optical and Scanning Electron Microscopy photographs. 


 SEQ CHAPTER \h \r 1It is a Myth that asbestos-cement products cannot be crumbled to powder by hand pressure because they are considered non-friable materials. The Fact is that these products become friable due to weathering and damage, particularly during demolition of a building if the roofing and siding is left in place.


 SEQ CHAPTER \h \r 1It is a Myth that paint and encapsulants offer permanent protection against asbestos fiber release from the surfaces of asbestos-cement roofing and siding. The Fact is that paint and encapsulants deteriorate over time and take asbestos fibers with them when they peel off of the surface. This creates a contaminated waste stream and also contaminates soil around the building. If large amount of paint or encapsulant are removed, the contaminated waste stream and soil are considerably increased. Furthermore, the application of the paint and encapsulants requires surface preparation, including sanding, that could release fibers and should not be performed dry or on a large scale.

 SEQ CHAPTER \h \r 1It is a Myth that asbestos-cement products present no exposure hazard to building occupants. The Fact is that release of debris and airborne fibers can also occur from exposed surfaces inside the building such as the underside of roofs and inside of walls, from damage and deterioration.


It is a Myth that asbestos-cement pipes presents no health or environmental hazard. The Fact is that, in addition to chrysotile asbestos, older pipe also contains  SEQ CHAPTER \h \r 1amosite  SEQ CHAPTER \h \r 1and crocidolite. All of these hazardous fibers are released when the pipes are dug up, broken  and crushed.

AN INFRASTRUCTURE FOR ASBESTOS CONTROL

ASTM E1368 and E2356 include the qualifications for individuals and organisations who conduct the work described in each standard. Together with the regulations and other documents referenced therein, the trained and credentialed workforce, the government agencies issuing and enforcing the regulations, and the contractual relationships between parties involved in the work defines an infrastructure for asbestos surveys and abatement projects. This same infrastructure applies to work on asbestos-cement products under ASTM E2394, which states that it should be used as a guide by building owners and others in preparing contracts and tenders for work, by government.
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agencies who issue construction and demolition permits, and by NGOs in their oversight of these activities The above chart illustrates the roles of different participants in the activities covered by the standards discussed herein. The individuals and entities who are primarily responsible for either directly performing the work or providing surveillance of work by others are shown with "P." Most of these tasks require the services of the professional disciplines in the first column, but if a building owner had these resources in-house the work may be done with his own staff. The primary role of the building owner, however, is to manage the work through contracts and tenders, provide adequate funding and ensure that all tasks support a pro-active asbestos management program. All of these tasks will be done within a regulatory framework and system of permitting for construction activities, which are primarily enforced for the tasks shown with "R." The participation of labor and community organizations in overseeing the development and enforcement of regulations parallels the duties of the government agencies and the importance of involvement by NGOs cannot be over-emphasized.


Training and credentials for the individuals identified above are essential elements in this infrastructure. Those who supervise asbestos surveys, abatement projects and Operations and Maintenance work at the job sites are directly responsible for seeing that the applicable requirements of these standards -- as well as regulations and contractual obligations -- are met. Central to meeting these objectives is thorough training in not only the elements of the standards 
 but the core topics of health effects, respiratory protection, building construction and materials, analytical techniques, abatement and O&M work practices and worksite safety as well as the applicable regulations for the jurisdiction in which the work is being performed.

OTHER ASTM STANDARDS 

Dust sampling and analysis


ASTM D5755 
 describes a method of collecting dust from a surface in an air sampling cassette for analysis by Transmission Electron Microscopy (TEM) to determine the presence of asbestos fibers. ASTM D6480 
 describes a wipe sampling method for the same purpose that also uses TEM analysis. Both of these methods express the result as the number of asbestos structures per area of surface sampled (str/cm²). These methods are useful for evaluating the source of an asbestos fiber release episode or the cleanliness of a surface following decontamination. They are not intended for clearance after a removal project. ASTM D7390 
 explains the use of statistical tests to evaluate data from samples collected and analyzed according to these standards.

Contaminated soil

At a recent ASTM conference on asbestos sampling and analysis 
, 21 of the 81 platform and poster presentations discussed asbestos in soil. This emerging issue, which involves not only sampling and analysis but also remediation of contaminated sites, covers a wide spectrum of asbestos types and sources as well as affected populations. It includes, for example,


• Communities in the vicinity of operating and abandoned mines, mills and factories


• Construction and disposal sites with veins of "naturally-occurring asbestos" or debris from building materials


• Soil containing fibrous amphiboles (winchite, richterite, fluoro-edenite)  that resemble recognized forms of asbestos fibers in their properties and effects


An ASTM standard is under development for sampling and analysis of asbestos in soils due to contamination from building materials, mine and manufacturing wastes, and “naturally-occurring asbestos.” In this method, the sample is divided into coarse ( >2 mm), medium ( >100 μm to <2 mm), and fine (<100 μm) fractions. These are weighed and the medium and coarse fractions are analyzed by Polarized Light Microscopy (PLM) with visual estimation of weight percent. The fine fraction is analyzed by both PLM with point counting and by TEM, with results also expressed as weight percent of asbestos in the soil or as asbestos fibers per gram of soil. This method will be used to evaluate the need for remediation of contaminated sites and the effectiveness of clean-up activities.

ADDITIONAL RESOURCES

The appendix contains a list of international and national standards, regulations, guidelines and other publications that pertain to asbestos control and related issues. Most of the documents are available on-line and the links were active at the time this paper was submitted. 
Appendix: Standards, regulations and other resources for asbestos control

	INTERNATIONAL STANDARDS AND OTHER PUBLICATIONS

	International Organization for Standardization (ISO)  (www.iso.org)
· ISO 10312 (1995): Ambient air -- Determination of asbestos fibres -- Direct transfer transmission electron microscopy method. [Method similar to ASTM D6281]

· ISO 13794 (1999): Ambient air – Determination of asbestos fibres – Indirect-transfer transmission electron microscopy method.

· ISO/FDIS 16000-7: Indoor air – Part 7: Sampling strategy for determination of airborne asbestos fibre concentrations.
· ISO 8672: Air quality -- Determination of the number concentration of airborne inorganic fibres by phase contrast optical microscopy -- Membrane filter method (1993) [Method similar to AIA RTM1]

	European Union (europa.eu.int/smartapi/cgi/sga_doc?smartapi!celexapi!prod!CELEXnumdoc&lg=EN&numdoc=32003L0018&model=guichett)
· Directive 2003/18/EC amending Council Directive 83/477/EEC on the Protection of Workers from the Risks Related to Exposure to Asbestos at Work. (March 2003). Worker protection, training and medical surveillance; inspections for asbestos-containing materials; notification of asbestos work; air sampling;  SEQ CHAPTER \h \r 1exposure limits 

	 SEQ CHAPTER \h \r 1ASTM International (www.astm.org)
· Manual on Asbestos Control: Surveys, Removal and Management – Second Edition (March 2005). Author: Andrew F. Oberta, MPH, CIH. Discusses in detail how E2356, E2394 and E1368 are used to support an asbestos management program.

· E2356 Standard Practice for Comprehensive Building Asbestos Surveys (July, 2004). Covers baseline surveys for management of ACM and includes assessment protocols to make and prioritize removal vs. maintenance decisions. 

· E2394 Standard Practice for Maintenance, Renovation and Repair of Installed Asbestos Cement Products (October 2004). Describes materials, hazardous operations, necessary precautions and infrastructure requirements with detailed procedures in appendices. Not intended for installation of asbestos-cement products in new construction or renovation.

· E1368 Standard Practice for Visual Inspection of Asbestos Abatement Projects (May 2005). Provides an approach to managing a removal project to enhance prospects of passing final inspections and clearance air sampling. Describes preparation, removal and inspection procedures and criteria. 

· E2308 Standard Guide on Limited Asbestos Screens of Buildings (2005). Provides the minimum amount of information needed to facilitate a real estate transaction.

· D6281 Standard Test Method for Airborne Asbestos Concentration in Ambient and Indoor Atmospheres as Determined by Transmission Electron Microscopy Direct Transfer (TEM). A method for distinguishing asbestos from non-asbestos fibers on an air sample filter and identifying and quantifying smaller and thinner fibers than Phase Contrast Microscopy

·  SEQ CHAPTER \h \r 1D7201: Practice for Sampling and Counting Airborne Fibers, Including Asbestos Fibers, in the Workplace, by Phase Contrast Microscopy (with an Option of Transmission Electron Microscopy). Combines methodology of NIOSH 7400 and 7402 

·  SEQ CHAPTER \h \r 1D5755 Standard Test Method for Microvacuum Sampling and Indirect Analysis of Dust by Transmission Electron Microscopy for Asbestos Structure Number Surface Loading

· D6480 Standard Test Method for Wipe Sampling of Surfaces, Indirect Preparation, and Analysis for Asbestos Structure Number Surface Loading by Transmission Electron Microscopy

· D7390 Standard Guide for Evaluating Asbestos in Dust on Surfaces by Comparison Between Two Environments


	NATIONAL STANDARDS AND OTHER PUBLICATIONS

	Australia (www.ascc.gov.au/ascc/AboutUs/Publications/NationalStandards/ListofNationalCodesofPractice.htm)
· Safe Removal of Asbestos 2nd edition [NOHSC: 2002 (2005)]

· Code of Practice for the Management and Control of Asbestos in the Workplace [NOHSC: 2018 (2005)]

	U. K. Health and Safety Executive (http://www.hse.gov.uk/asbestos/index.htm)

· Asbestos Regulations (http://www.opsi.gov.uk/si/si2006/20062739.htm)

· Asbestos Essentials (http://www.hse.gov.uk/asbestos/essentials/index.htm). Includes sections on manager Tasks and methods and equipment. 

Publications include: 

·  SEQ CHAPTER \h \r 1Working with Asbestos in Buildings INDG289 08/01 C600. An overview (16 pages) of asbestos hazards and precautions

·  SEQ CHAPTER \h \r 1MDHS100 Surveying, sampling and assessment of asbestos containing materials (2001). Contains many illustrations and examples of asbestos-containing products as well as sampling and analytical methods. HSG189/2 Working with asbestos cement (1999). Describes asbestos-cement products and methods of repairing and removing them, including fiber concentrations for controlled and uncontrolled operations.
· The Control of Asbestos at Work Regulations (2002). Requirements for the protection of people being exposed to asbestos, including the requirement for those with responsibility for the maintenance and/or repair of non-domestic premises, to identify and manage any risk from asbestos within their premises

	National Institute of Building Sciences (http://www.nibs.org/pubsasb.html)

· Guidance Manual: Asbestos O&M Work Practices, Second Edition (1996). Contains procedures for small-scale work on friable and non-friable ACM including asbestos-cement products.
· Asbestos Abatement and Management in Buildings: Model Guide Specification. Third Edition (1996). Contains information on project design and surveillance as well as applicable US regulations, plus removal contractor requirements for abatement work in specification format.

	International Chrysotile Association (www.chrysotile.com)
· Recommended Technical Method No. 1 (RTM1), Reference Method for the determination of Airborne Asbestos Fibre Concentrations at workplaces by light microscopy (Membrane Filter Method). Method using Phase Contrast Microscopy for counting fibers on an air sampling filter that does not distinguish asbestos from other fibers

Recommended Technical Method No. 2 (RTM2) Method for the determination of Airborne Asbestos Fibres and Other Inorganic Fibres by Scanning Electron Microscopy. Method that identifies smaller fibers than Phase Contrast Microscopy and can distinguish types of asbestos fibers.

	U.S. National Institute for Occupational Safety and Health 

(www.cdc.gov/niosh/topics/asbestos)

· Occupational Safety and Health Guidelines for Asbestos (www.cdc.gov/niosh/pdfs/0041.pdf)

· Recommendations for Preventing Occupational Exposure (www.cdc.gov/niosh/topics/asbestos/#prevention)

· Method 7400, Asbestos and other fibers by PCM  (1994).Phase Contrast Microscopy method similar to AIA RTM1 that counts all fibers greater than 5µm long with a 3:1 aspect ratio

· Method 7402 Asbestos by  TEM (1994). Method using Transmission Electron Microscopy that identifies and counts asbestos fibers greater than 5µm long and greater than 0.25µm in diameter with a 3:1 aspect ratio

	U.S. Environmental Protection Agency (www.epa.gov/asbestos)
· Resources include managing asbestos-containing materials in buildings, schools, and the automotive industry. Includes procedures for inspection, analysis of bulk samples, assessment of friable ACBM, response actions (removal, encapsulation, enclosure), Operations and Maintenance, and clearance air sampling. 

· National Emission Standards for Hazardous Air Pollutants: Subpart M - Asbestos. 40 CFR Part 61. (1990). Regulations include: definitions of friable and non-friable asbestos-containing materials; notification requirements for renovation and demolition of buildings and facilities containing ACM; work practices to prevent visible emissions; disposal of ACM and waste material in approved landfills; and operation and closure of landfills.

· 20T-2003 Managing Asbestos in Place: A Building Owner’s Guide to Operations and Maintenance Programs for Asbestos-Containing Materials “Green book” (1990). Guidance document covering: organizing an Operations and Maintenance (O&M) program including training O&M workers; recognizing types of O&M; work practices and precautions for O&M work.

· EPA-600/R-93/116 Method for the Determination of Asbestos in Bulk Building Materials (1993) Polarized Light Microscopy, Gravimetry, X-ray diffraction and Transmission Electron Microscopy methods of identifying and quantifying asbestos fibers in bulk building materials. The identification of materials as containing asbestos is done by analysis of bulk samples, usually with Polarized Light Microscopy. The analytical procedures described and the equipment to perform the analyses is similar to that found in academic or commercial geology laboratories, but specialized training to identify and quantify asbestos fibers in bulk building materials is needed as well as quality control and proficiency testing programs.

· Asbestos-Containing Materials in Schools, 40CFR Part 763, Subpart  E. Federal Register, October 30, 1987.  SEQ CHAPTER \h \r 1Appendix A to Subpart E—Interim Transmission Electron Microscopy Analytical Methods—Mandatory and Nonmandatory— And Mandatory Section to Determine Completion 
of Response Actions

	U. S. Occupational Safety and Health Administration (Department of Labor)

(www.osha.gov/SLTC/asbestos) / (www.osha.gov/SLTC/asbestos/standards.html)
· Occupational Exposure to Asbestos (Construction Industry Standard) 29CFR1926.1101. (1994). Regulations for: Permissible Exposure Limits of 0.1 f/cc over a full shift (8 hr  time-weighted average) and short-term exposure limit of 1.0 f/ml for 30 minutes; employee exposure monitoring for compliance with the PELs; work practices for friable and non-friable ACM; respiratory protection; worker decontamination and hygiene facilities; notification of employees and other employers; medical surveillance; record-keeping and training. 
· OSHA Method ID 160 Asbestos in Air (1994). Phase Contrast Microscopy method similar to NIOSH 7400

	WorkSafe British Columbia (Canada)

(www2.worksafebc.com/publications/OHSRegulation/Part6.asp)

·  SEQ CHAPTER \h \r 1Part 6 Substance Specific Requirements: Asbestos. Regulations covering: identification of asbestos-containing materials; substitution with non-asbestos materials; worker training; exposure monitoring; containment and ventilation of work areas; work practices; decontamination; respirators and protective clothing.

	Republic of South Africa, Department of Labour (www.acts.co.za/ohs/index.htm - type ‘asbestos’ in search box)

· Occupational Health and Safety Act, 1993; Asbestos Regulations, 2001.Regulations covering:  SEQ CHAPTER \h \r 1notification; assessment and control of exposure; Occupational Exposure Limit of  0.2 f/cc - 4 hr TWA measured by Phase Contrast Microscopy; training; air monitoring; medical surveillance; non-employee exposure; respirators, personal protective equipment and facilities; asbestos building materials including asbestos cement sheeting and related products; disposal.

	 SEQ CHAPTER \h \r 1Occupational Safety and Health Service, Department of Labour, Wellington, New Zealand

•    SEQ CHAPTER \h \r 1 A Guide to Working with Asbestos-Cement Products, December 1998.                    
 SEQ CHAPTER \h \r 1http://www.osh.govt.nz/order/catalogue/pdfs/asb003.pdf
•    Guidelines for the Management and Removal of Asbestos, Revised January 1999. 
http://www.osh.govt.nz/order/catalogue/26.shtml  
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� Mr. Oberta is Chairman of the Task Group on Asbestos Management for ASTM International. He may be contacted through his website or andyobe@aol.com. 


� ASTM International, 100 Barr Harbor Drive, West Conshohocken, PA 19428. www.astm.org.  Mention of ASTM standards does not convey permission for their unauthorized reproduction or distribution.


� The Manual on Asbestos Control (Manual 23) and the ASTM standards may be previewed and ordered on www.astm.org by entering their numbers in the search box.


� D6281 Standard Test Method for Airborne Asbestos Concentration in Ambient and Indoor Atmospheres as Determined by Transmission Electron Microscopy Direct Transfer (TEM)


� "Roof Sheets and Assessment of Risk of Asbestos Release,” Jerzy Dyczek,  Global Asbestos Congress, Tokyo, Japan, 19 November 2004





� Consult www.astm.org or www.asbestosguru-oberta.com/services/sfac.html for information on training courses for ASTM asbestos control standards.


� D5755 Standard Test Method for Microvacuum Sampling and Indirect Analysis of Dust by Transmission Electron Microscopy for Asbestos Structure Number Surface Loading.


� D6480 Standard Test Method for Wipe Sampling of Surfaces, Indirect Preparation, and Analysis for Asbestos Structure Number Concentration by Transmission Electron Microscopy.


� D7390 Standard Guide for Evaluating Asbestos in Dust on Surfaces by Comparison Between Two Environments.


� ASTM Conference on Critical Issues in Monitoring Asbestos, Andrew F. Oberta, MPH, CIH, August 2008. International Ban Asbestos Secretariat, www.ibasecretariat.org.
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