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Introduction to Encapsulated Materials
Asbestos-reinforced/filled encapsulated materials have historically been considered as
safe uses of asbestos. In 1970 in the US, Irving Selikoff opined that “it is fortunate that
the greatest part of this (all use of asbestos in society) has been in products in which the
asbestos is “locked in” [original author emphasis] that is, it is bound with cement or
plastics or other binder so that there is no release, certainly no significant release, of
asbestos fibers in either working areas or general air”.1
This historical view of the safety of such materials was international. In two papers
detailing the UK Asbestos Regulations in 1969, a leading authority indicated that “these
materials give rise to no dust and are perfectly safe to handle.” and “it is obvious that no
hazard exists in normal usage, unless such usage involves a high degree of abrasion”
and “it is not suggested that there is any health hazard associated with the occasional
drilling or cutting”.23 Indeed, Selikoff and others at an international conference in 1969,
dismissed friction material in brakes as a source of any concern.4
In 1972, Nicholson indicated that “Asbestos-cement products are a good example of
“locked-in” products which probably do not constitute a significant source of asbestos to
the environment under normal conditions of use.”5 This opinion that “locked-in” asbestos
within firmly-bonded materials such as A/C produced lower exposure was repeated by
NIOSH in its recommendations to OSHA for the first permanent asbestos standard in
1972.6
In recognition of this lack of exposure risk, in 1972 OSHA specifically exempted such
encapsulated materials from all labeling requirements.7 This broad exemption for such
encapsulated asbestos-containing materials continues in the US regulations in force
today.8
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More than a decade later in 1984, it was recognized that the degree of encapsulation of
asbestos fibers can vary, but the fibers within asbestos-cement pipe are relatively tightly
bound within their cement matrix, so they present less potential exposure.9 I am unaware
of any research conducted since this publication in 1984 that would demonstrate
otherwise.
A voluminous body of scientific literature now exists regarding asbestos-reinforced/filled
resins. Industrial hygiene scientific studies are available that have determined the extent
of exposure to asbestos, if any, from encapsulated asbestos-reinforced/filled plastic,
resinous and cement materials.
A significant number of studies have been commissioned regarding worker exposure to
vinyl asbestos flooring material, which is perhaps the most common example of
asbestos-reinforced and filled plastics. This work in whole demonstrates the absence of
any significant exposure from this historical use of asbestos in buildings. Studies of other
asbestos-reinforced and asbestos-filled plastic resins, such as of Bakelite and mastics,
have been conducted and demonstrate that these materials produce airborne
concentrations that are very low. Studies of friction materials, such as brakes and
clutches, have shown similar low results.
As a result of these studies, sufficient exposure data in US government-sponsored
studies and other industrial hygiene measurements are present in the scientific literature
to provide foundation values for the estimation of direct exposures to workers and
indirect bystander exposures. Each of the major groups of encapsulated materials is
reviewed in more detail below.
Encapsulated Materials - Vinyl Asbestos Floor Tile
The levels of asbestos exposure associated with the installation, maintenance, and
removal of asbestos-reinforced/filled vinyl resin floor tile have been rigorously studied by
OSHA, EPA, and the scientific community.
An article by Murphy in 1971 suggested the installation of floor tile was a source of
asbestos exposure.10 This study did not represent any normal building floor installation
activity, but did document the potential exposure associated with an extreme sanding
task that equated to an 8-hr TWA of only 0.05f/cc. Levine referenced Murphy along with
others in 1978 in a widely distributed document on asbestos; it was the conclusion of this
document with many authors that “because asbestos fibers are firmly embedded in the
tiles, installation per se is unlikely to be a source of important asbestos exposure”.11
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A series of four studies was commissioned by the Resilient Floor Covering Institute and
conducted by Stanford Research Institute International in 1979.12 One of these studies
addressed the installation of vinyl asbestos tile.13 Analysis by TEM indicated that
installation produced exposures from 0.0046 f/cc to 0.0092 f/cc and a second installation
produced exposures of 0.008 f/cc to 0.027 f/cc, with an average of 0.01 f/cc. 14 Another
study obtained similar results of <0.01 f/cc.15 The results of these studies were relied
upon by OSHA and EPA in mid-1980’s asbestos rulemaking and the widely-referenced
exposure associated with the installation of vinyl floor tile were <0.01f/cc and geometric
mean of 0.01f/cc.1617
Additional studies focused directly on the installation of vinyl-asbestos floor tile including
a study by Lundgren published in 1991. Electron microscopy analysis (that does
distinguish between asbestos and other fibers) used in this study indicated worker
exposure of 0.0018 f/cc.18
A later study published in 2003 by Williams confirmed that no measurable airborne
asbestos resulted from the breaking of floor tile under severe conditions. Therefore,
certainly no exposure would be expected from the normal “score and snap” breaking
method that was traditionally utilized in the installation of vinyl asbestos floor tile.19
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Such findings of no measurable airborne asbestos were again confirmed in a paper
published in 2005 by Lange.20
Of the floor maintenance studies over decades, OSHA indicated the most significant
study was the 1992 study conducted for the EPA by Wickman, et al.21 This study
indicated a very low average worker exposure of 0.0009 f/cc as an 8-hour TWA for fibers
>5u in length. Others also showed very low levels, 2223 or did not reveal the presence of
any asbestos fibers.24 Other major studies also demonstrate the absence of any
significant exposure from this use of asbestos.2526
There are no studies available for the power-sawing of vinyl asbestos floor tile as this
would be an inappropriate manner in which to cut this product. However, OSHA noted
NIOSH studies found that the handling, chipping, grinding, pulverizing of factory
production quantities of asbestos-reinforced plastic material scrap can produce
exposures of 0.02-0.3 fibers/cc. 27282930 Due to the significant variances between the
plastic production-scrap and pipe-sawing processes and variations in the materials as
well, these measurements are not considered appropriate surrogate exposure
assessment data representative of end user tasks, but do present additional data points
regarding the expectation of the low order of magnitude of asbestos exposure
associated with rigid asbestos-reinforced or filled plastic resin materials.
Other floor tile studies have been conducted as well. This work in whole demonstrates
the absence of any significant exposure from this historical use of asbestos in
buildings.313233343536373839

pieces occurred after breaking. The fact that the simple breaking of tiles in the mini-enclosure did not
produce enough airborne fibers to be detected by ATEM supports the idea that a major portion of the
asbestos emissions were caused by abrasion between tile/mastic fragments and/or by the scrapers.
20
Lange, J. H. 2005. Asbestos-containing Floor Tile and Mastic Abatement: Is there Enough Exposure to
Cause Asbestos-related Disease? Indoor Built Environ 2005 14;1:83–88.
21
Exposure of Custodial Employees To Airborne Asbestos. EPA Project No. J1007468-2001-0. Arthur R.
Wlckman, et al. Missouri Dept of Health. Bureau of Environ Epidem, for US EPA Office of Pesticides and
Toxic Substances. EPA rep: David Treece. Unpublished by EPA. 1992.
22
J. Donald Millar. Testimony of the NIOSH on the Occupational Safety and Health Administration's
Proposed Rule on Occupational Exposure to Asbestos. January 24, 1991.
23
Wong. S. Director of EHS. Los Angeles Unif School Dist. Internal report. Analysis by TEM.
24
Lundgren, D.A. et al. Asbestos Fiber Concentrations Resulting From the Installation, Maintenance and
Removal Of Vinyl Asbestos Floor Tile. Part. Syst. Charact. 8 (1991) 233-236.
25
Walcott, R. And Warrick, J. Comparison Testing Monitoring For Airborne Asbestos Fibers -- Sheet Vinyl
Floor Covering, Wet Versus Dry Scraping -1, Floor Tile-2, Monitoring For Airborne Asbestos Fibers - Sheet
Vinyl Floor Tile – 3, Floor Covering – 4. SRI Intl for the Resilient Floor Covering Institute, 1979.
26
Asbestos Task Order For Construction Alternatives. Contract # J-9-F-4-0024. Prepared for US DOL
OSHA. Prepared by CONSAD Research Corp. & Clayton Env Consultants, Inc. May 1984.
27
OSHA Preamble to Final Rules, Occupational Exposure to Asbestos, Friday, June 20, 1986. 29 CFR
Parts 1910, 1926. Asbestos Reinforced Plastics. Table 17 - Worker Exposures During the Manufacture of
Asbestos Reinforced Plastics.
28
Belanger, PL, et al. NIOSH Health Hazard Eval. 78-73-612, Kentile Floors, Inc., Chicago, IL.
29
Belanger,PL, etal. NIOSH Health Hazard Eval. 78-73-633, Kentile Floors, Inc., Brooklyn, NY.
30
Ramos, H. NIOSH Health Hazard Eval. HHE-73-133-136, Armstrong Cork Co., Jackson, MS.
31
A.F. MeyerAssoc. Study in Maryland school.WRC-TV; NBCnews affiliate. Wash,DC.Oct 89.
32
29 CFR Parts 1910, 1915, and 1926. Department Of Labor Occupational Safety and Health
Administration. Occupational Exposure To Asbestos, Final Rule. 08/10/1994.
33
J. Donald Millar. Testimony of NIOSH on the Occupational Safety and Health Administration's Proposed
Rule on Occ Exposure to Asbestos. January 24, 1991.

4

Encapsulated Materials - Asbestos-Reinforced/Filled Phenolic Resins, such as Bakelite
Asbestos-reinforced/filled plastic resin materials include the historical use of asbestos as
a reinforcement and/or filler in various applications of formaldehyde phenol compounds
generically referred to as Phenolic Resin. One such material is frequently generically
referred to as Bakelite. Studies of other asbestos-reinforced and asbestos-filled plastic
resins, such as of Bakelite and mastics, have been conducted and demonstrate that
these materials produce airborne concentrations that are very low.40
It should be noted that Bakelite is a registered tradename, but much like the generically
used trademarked term Kleenex, such generic references to this material may or may
not pertain to the use of actual brand name material. The handling of factory production
quantities of Bakelite-like asbestos-reinforced plastic materials can produce exposures
of 0.033-0.042 fibers/cc.41
OSHA found that exposures during the manufacturing of these asbestos-reinforced
plastics may be from 0.04-0.047 fibers/cc.42 The secondary processing of phenolic
asbestos-reinforced plastics such as Bakelite including activities such as the sawing,
sanding, drilling, and cleanup of the dust has been studied, with the band saw or cutting
phase producing average worker exposures of 0.13 f/cc and a maximum of 0.21 f/cc.43
Sawing Plastic-Encapsulated Asbestos-Reinforced/Filled Resin Pipe
Spielman conducted a study of the sawing of plastic-encapsulated asbestosreinforced/filled resin pipe in 1977. The study indicated an eight-hour time-weighted
average exposure of 0.254 f/cc for 21 saw cuts and six sanding procedures with a total
task duration of 37.25 minutes in the eight-hour period.
It is important to note that the sanding task contributed far more to the exposure than the
sawing task and therefore any estimate of sawing based on these results without
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adjusting downward for the lack of sanding would be considered a worst-case analysis.44
Hand sanding was not evaluated but would result in lower, if any, exposure.
Encapsulated Materials - Friction Material, Brake Shoes and/or Pads
Another major historical use of hard or rigid asbestos-reinforced plastic resins has been
in brakes, clutches, and other friction materials. Although Dr. Irving J. Selikoff was
quoted as saying in 1969 that “Brake linings do not constitute a hazard”, the exposures
of brake mechanics were vigorously studied in the 1970’s and 1980’s and even later.4546
Airborne asbestos exposure during aircraft brake replacement has been studied as
well.47
It is now well-established in the scientific literature that the time-weighted average
asbestos exposures of brake mechanics have historically been low, as initially surmised
by Selikoff. A comprehensive review of the state-of-the-art use of asbestos in brakes and
an exhaustive review of the historical exposures of mechanics to asbestos in brake dust
have been published in the peer-reviewed scientific literature.4849 The work of brake
mechanics on passenger automobiles and light trucks has been associated with direct
exposures of 0.03 f/cc50, 0.04 f/cc,5152 and 0.05 f/cc53 as an eight-hour time-weighted
average. Heavy tractor truck brake work had exposures as high as an 8-hour timeweighted average mean of 0.2 f/cc.54
Exposures associated with non-wear dust from friction materials have been found to be
low as well, from 0.021 to 0.368 f/cc as a task average.55 One study was available for
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the power-sawing of friction material. The sawing of friction material with a band saw
was noted to produce an exposure of 0.7f/cc.56
Encapsulated Materials - Asphalt-Based Roofing Materials
A review of the available scientific literature pertaining to exposures from asphalt-based
roofing products is contained in a recent paper in the peer-reviewed industrial hygiene
literature. This comprehensive review of the scientific literature pertaining to handapplied asphalt-based and encapsulated-asbestos coatings and mastics indicate that
worker exposures to asbestos associated with these materials are negligible.57
a) Asphalt-Saturated Asbestos Roofing Felt
The exposure of workers associated with the use of asphalt-saturated asbestos roofing
felt was first reported in the scientific literature in 1982. In a study commissioned by the
Environmental Protection Agency, Anderson reported on studies at 11 separate
construction sites and evaluated both worker exposure during removal of old roofing and
subsequent replacement. In this study of the installation and removal of roofing felts, the
geometric mean of 78 samples was reported as less than <0.1f/cc as a time weighted
task-based average.58 However, it is important to note that the laboratory analysis
methodology used only had a detection limit of 0.1f/cc and actual asbestos levels
associated with asbestos felt installation were even lower.59 Airborne concentrations of
asbestos associated with the removal of roofing were noted as 0.01 to 0.03 f/cc for area
or bystander samples.
An analysis of hundreds of samples of Built-Up-Roof roof removals indicate the
exposure associated with the removal of the asbestos-containing felts within this
material averages 0.024f/cc generally as a task based average.60 Installation of asphaltsaturated asbestos roofing felt was measured as non-detectable (0.00f/cc) by electron
microscopy in this study conducted for the US Environmental Protection Agency.61
b) Asphalt Mastic
A study in 2004 evaluated the potential exposure from use of asphalt mastic that
contains encapsulated asbestos. This study indicated that the airborne concentrations of
asbestos from activities such as the sanding of this material produce exposures far less
than the OSHA PEL of 0.1 fibers per cc, and there is no airborne concentration
associated with the installation of such a product.62
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c) Asphalt Shingles
At least one early study by NIOSH in 1984 indicated that there might be exposure
associated with the tear-off of old asbestos-containing asphalt shingles. 63 Results similar
to the chart in this study were later reported in the CONSAD 1984 study for OSHA.
According to the NIOSH study in 1984, electron microscopy results for personal samples
during the tearoff operation indicated a mean task time-weighted average of 0.09 f/cc.
The mean concentration for the task of shingle application was 0.05 f/cc. Area samples
were both <0.02 f/cc. 64
Numerous subsequent studies conducted over the next ten years, including studies from
my own personal experience, consistently demonstrated the absence of any significant
exposure. Indeed, of a large database of asbestos exposure monitoring records
collected from its members by the National Roofing Contractors Association, “not a
single one of the several thousand air samples” exceeded the current OSHA PEL of
0.1f/cc 8hrTWA or the current 1.0f/cc OSHA Excursion Limit, an typical exposures are
generally less than 1% to 10% of these limits.65 In summary, it has now been wellestablished that the potential exposure, if any, associated with the removal of asbestoscontaining asphalt shingles is less than any exposure that might be regulated by the
Occupational Safety and Health Administration’s asbestos standard that is in effect
today.66
Using modern methods, a study by Lange in the peer-reviewed scientific literature
determined that such direct exposures during the removal of asbestos-containing roofing
materials were approximately 0.011f/cc and area or indirect exposures were
approximately 0.004f/cc.67
Encapsulated Materials - Asbestos Cement Pipe and Sheet
In 1977, the A/C Pipe Producers Association utilized Equitable Environmental to
evaluate the worst-case airborne concentrations of asbestos associated with the power
cutting of A/C pipe.6869 The results of these studies have been frequently summarized
and reported within the federal regulatory record and have been relied upon by OSHA
and EPA.70
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Clearly, all A/C pipe operations other than cutting with a gas-powered abrasive saw
blade produce negligible exposures. The Equitable study recognized this by the
statement “It is obvious that such operations could be continued through an 8-hour
working day without exceeding the present TWA of 2.0f/cc, the proposed TWA of 0.5f/cc,
or even the stringent NIOSH recommendation of 0.1f/cc.” Such exposure is so low as to
not meet the historical definition of “exposed to asbestos.”71
A study prepared for OSHA by CONSAD recognized that the Equitable studies provided
valuable data from which to calculate the magnitude of likely exposures in the
workplace, but that the levels in the Equitable studies did not directly represent
workplace conditions or exposures. The typical exposure that was provided to OSHA in
the conclusion chart in this study was 0.035f/cc 8hrTWA for the total task of “A/C Pipe
Installation” and 0.13f/cc 8hrTWA for the total task of “A/C Sheet Installation” and
assumed that no respiratory protection was used.72
Likewise, the Equitable studies indicate that the exposure of persons that directly cut
A/C pipe once per day with a gas-powered saw would have an 8-hour TWA exposure in
a range of up to 0.07f/cc, the typical exposure associated with the total task of A/C pipe
installation was 0.13f/cc as an 8hrTWA, and persons that cut many pieces of A/C pipe
with a gas-powered saw in a particular day could have an exposure of 0.2 to 0.3f/cc for
that day.
NIOSH evaluated the airborne concentrations of asbestos associated with the poweredsaw cutting of A/C pipe in 1985. With no exposure controls, the average exposure of the
cutter operator for the one hour duration of the task equates to an 8-hour TWA of
0.42f/cc for the saw operator doing the tasks in this study.73 Unfortunately it is unknown
how many cuts were made in this study. Based upon the simultaneous noise sample
results, the cuts certainly numbered more than just a few and the cutting was likely to
have been almost constant for the one hour period.74 This study does not provide
adequate data for utilization in exposure assessments of persons cutting A/C pipe
unless an estimate can be made of the number of cuts that were made during this study.
However, the study did verify earlier results that found levels in conformance with 8-hour
time-weighted exposure standards in effect at the time.
The removal of a large amount of transite sheet has been associated with a geometric
mean of 0.077f/cc.7576 The cleanup of transite pipe has been associated with a task
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average exposure of 0.046f/cc for 29 minutes, a 30-minute excursion concentration of
0.073, and an 8-hour time-weighted average of 0.0074f/cc.77
Encapsulated Materials - Asbestos-Containing Gaskets
There is a significant body of published scientific literature regarding worker exposure to
asbestos-containing gasket material.78798081828384858687888990919293949596 A significant number
of studies have been conducted in actual work environments. Some have been
published in governmental publications. Others have been conducted in simulation
environments to assess worker exposure to asbestos during the use of gaskets. Recent
comprehensive reviews indicate that exposure from asbestos during the installation and
removal of pipe flange gaskets is very low. 9798 Direct use of such gaskets has been
associated with exposures of less than 0.1 f/cc and generally less than 0.03 f/cc as an 8hour time-weighted average. Such exposure is so low as to not meet the historical
OSHA definition of “exposed to asbestos.”99
Surface Characteristics of Fibers Released from Encapsulated Products
It has been recognized that fibers combined with other materials may influence the
ability of the fibers to have biological effects. Encapsulated materials such as asbestos
cement pipe have been recognized as having such altered emissions. While some have
77
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speculated that asbestos fibers that are released from A/C pipe are so profoundly
altered by the cement that they are no longer even asbestos, a report by the Health and
Safety Laboratory of the Health and Safety Executive in the UK refuted this view as not
factual but noted rather that “it may be more accurate to consider them as still
encapsulated in the cement matrix” as “Often the dispersed fibres would have…attached
particles of the cement matrix.” 100
So while the analysis by the regulatory authorities in the UK indicates that encapsulation
by cement cannot and does not change the chemistry of the fibers, at least some portion
of the very small portion of fibers that are ever released from A/C pipe continue to have
“particles or agglomerates” of cement still attached. These fibers, bundled together with
agglomerations of cement or aerodynamically-altered by particles of still attached
cement, present a quite different industrial hygiene exposure than one from
aerodynamically-clean asbestos.101
A paper by Weir notes the inseparability of plastic resins from asbestos fibers. Once
fibers are encapsulated, the release of aerodynamically clean fibers without globules of
resin is exceedingly unlikely. Weir’s paper suggests that it remains an open question if
asbestos fibers that have been impregnated, coated and encapsulated into binding
material can ever again be biologically available for inhalation even if subsequently
released.102 Helsen notes the same for cement encapsulating and/or binding
materials.103 A major publication of the current science of asbestos acknowledges these
phenomena as well.104
These papers continue what a paper by Baeten demonstrated over 30 years ago, that
indicated that only about 10% of the particles from asbestos encapsulated cement dust
are “optically virgin” which is a term Baeten used to describe that 90% of the dust
particles released from the asbestos-cement have the behavior of cement and only
about 10% of the particles behave as asbestos fibers.105
Indeed, a recent paper from the peer-reviewed scientific literature that actually measured
this phenomenon for sanded joint compound dust again tends to validate the visual
“order of magnitude” estimate provided by Baeten for cut encapsulated-asbestos cement
dust. Berman found that from 57% to 83% (described in the conclusions as “a majority”)
of the airborne asbestos fibers generated were not clean fibers but rather still had “mud”
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matrices or particles attached that would significantly alter the aerodynamic properties of
the fibers.106
In essence, the evidence suggests that once such altered material reaches the breathing
zone, it is less respirable than fibers that have not been previously encapsulated in a
binder. From an industrial hygiene perspective, the degree of encapsulation as a
significant factor of exposure assessment should be considered an increasingly
important attribute of asbestos-containing materials as well.
Conclusion - Encapsulated Materials
In summary, information is available in the industrial hygiene scientific literature to
estimate a likely quantitative range of exposure, if any, for a wide variety of described
work tasks. Qualitatively, in consideration of the range of factors evaluated in the
governmental and peer-reviewed scientific literature, the industrial hygiene exposures, if
any, associated with the use of encapsulated asbestos-reinforced/filled materials are
typically low. Unless a large quantity of such materials are disturbed in any 8-hour
period, the exposures associated with most such materials will be so low as to result in
direct personal 8-hour time weighted average exposures that do not even meet the
historical OSHA definition of “exposed to asbestos.”107
These findings are consistent with the lack of any significant exposure expectation that
in 1970 resulted in OSHA specifically exempting substances such asbestos-reinforced
plastics from all warning labeling requirements, 108 was reconfirmed in the 1980s 109 and
represents a broad exemption that continues in the US asbestos regulations in force
today.110

106

Berman, D.W., et al. More on the Dynamics of Dust Generation: The Effects of Mixing and Sanding
Chrysotile, Calcium Carbonate, and Other Components on the Characteristics of Joint-Compound Dusts
Page 11, 16. Ann. Occup. Hyg. 2012.
107
1978 OSHA compliance directive re: interpretation of medical monitoring, 1972-76 standard.
108
OSHA Standard for Exposure to Asbestos Dust. Federal Register, Vol. 37, No. 110, June 7, 1972. (2)
Caution labels – (i) Labeling. Caution labels shall be affixed to all raw materials, mixtures, scrap, waste,
debris and other products containing asbestos fibers, or to their containers, except that no label is required
where asbestos fibers have been modified by a bonding agent, coating, binder, or other material so that
during any reasonably foreseeable use, handling, storage, disposal, processing, or transportation, no
airborne concentrations of asbestos fibers in excess of the exposure limits prescribed in paragraph (b) of
this section will be released.
109
OSHA Hazard Communication Standard. 29 CFR 1910.1200. Effective 1983 for chemical manufacturers
and 1986 for all manufacturers. Compliance required by non-manufacturer employers by 1988. The
Standard applies to any chemical known to be present in the workplace that employees may be exposed to
under normal conditions of use, or may be exposed to in a foreseeable emergency.
110
OSHA Occupational Exposure to Asbestos. Federal Register, 59:40964-41162. 1910.1001; 1915.1001;
1926.58, August 10, 1994. (6) The provisions for labels required by paragraph (j)(2) of this section or for
material safety data sheets required by paragraph (j)(5) of this section do not apply where: (i) Asbestos
fibers have been modified by a bonding agent, coating, binder, or other material provided that the
manufacturer can demonstrate that during any reasonably foreseeable use, handling, storage, disposal,
processing, or transportation, no airborne concentrations of fibers of asbestos in excess of the TWA
permissible exposure level and/or excursion limit will be released or (ii) Asbestos is present in a product in
concentrations less than 1.0%.

12

From an industrial hygiene perspective, it is well-established that along with the primary
exposure factors of concentration intensity and duration, the characterizations of
asbestos fiber type and length have long been known to represent considerable
differences in the accurate assessment of industrial hygiene exposure and risk of
asbestos-related disease. As lower and lower cumulative exposures of asbestos from
multiple different and discrete sources receive increased scrutiny, the degree of
encapsulation as a significant factor of exposure assessment should be considered as
an increasingly important attribute of asbestos-containing materials as well.

Literature Review of Industrial Hygiene Bystander Exposure to Asbestos
The first speculation that persons not working directly with asbestos might have any
significant indirect exposure was in 1964 when Selikoff first noted that a number of
construction trades might be expected to have some degree of indirect exposure simply
from being near insulators that were working directly with asbestos insulation.111 This
notation by Selikoff of the “possible exposure” of bystander trades such as electricians
and “perhaps even the supervising architect” was un-quantified and its significance
unknown. This indirect exposure, as well as the other direct exposures among trades
other than insulators, was certainly not considered of any significance at the time. In fact,
Selikoff later in 1968 described an electrician stripping asbestos-covered wire and cable
as one example of someone not usually considered prone to asbestos exposure.112
The first “bystander” reference in the scientific literature that quantified any such
exposures was by Harries in 1968. The conditions described by Harries during
construction of British ships were extreme by American standards, did not exist in the
US, and represented conditions in which such British “bystander” trades had exposures
that exceeded those of insulators in the US.113
The potential for “bystander” exposure in the construction industry was recognized in
1972 for workers in the vicinity of insulators involved in spray application of asbestos
fireproofing.114 In the early 1980’s, it was recognized that the removal of fireproofing
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material could potentially cause at least some level of bystander exposure to other
trades.115
The first “bystander” epidemiology study in the US was by Selikoff in 1979.116 In this
paper, Selikoff reported x-ray findings among 1000 shipyard workers who were in the
first medical exam volunteers of the over 13,000 personnel at the shipyard.
Approximately half of the 1000 showed evidence of changes regularly seen following
direct or indirect occupational exposure to asbestos with no specific differentiation
between the trades. Lung cancer and mesothelioma were not included as topics of this
study of asbestotic x-ray changes.
The first epidemiology study of insulators and non-insulators in the chemical industry
was published by Lilis in 1979.117 This study found radiologic evidence of possible
asbestos-related fibrosis in both the study group of chemical plant maintenance workers
and also in what was believed to be a group of bystander maintenance workers without
any other previous known asbestos exposure. The study concluded that the risk of lung
cancer and mesothelioma remained to be studied.
The term “bystander” is a relatively new term as it pertains to the description of “indirect”
asbestos exposure in crafts and trades other than the “direct” user of asbestos products,
such as by insulators. In 1986, Grandjean reviewed the bystander literature but
presented no new information.118 A search of the global scientific literature detected only
a few industrial hygiene references pertaining to both asbestos and cancer in
bystanders, and all were well after 1986.119120121122123124
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Rapid Settling of Particles Reduces Bystander Exposure, if Any
Baeten and others have also observed for asbestos cement dust that “the asbestos
content will change with distance from the dust source.” 125126 It is intuitively obvious to
most observers that the airborne concentration of dust near a source is much higher
than the concentrations at locations that are more distant from the source.127 As an
industrial hygienist, I certainly know this statement to be true. Well-experienced industrial
hygiene professionals recognize that bystander indirect exposures are generally an
order of magnitude (1/10th) less than the exposures of the directly exposed worker that is
closest to the source of the dust.128
It has been frequently repeated that asbestos fibers float for extended periods of time in
the ambient air. Such a statement is more of a theoretical concept that fibers are
aerodynamically different from other particles than one based on actual practical and
empirical observations from the real world. Actual observations remind us that it is
important to consider the significant reductions on the fiber concentrations in the air
caused by the fact that most settle out of air rather quickly and the larger they are the
faster they settle.129 Evidence of this general principle can be found in many historical
asbestos exposure references in the scientific literature.130131132133134 NIOSH has
recognized this same fundamental relationship in similar studies of other fiber exposures
in the workplace.135 A recent paper reviewed the bystander literature and found that the
average bystander exposure was 8.2% of the directly exposed worker and was less than
1% at a distance of 30 feet.136
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A chart depicting this well-known phenomenon can be seen in a chart of real world
friable asbestos fiber sampling data published by Sawyer in 1977.137 Sawyer observed
that the settling rate of asbestos resulted in peak airborne concentrations to be reduced
by 85% within one hour and to less than the background ambient concentration
essentially within a day. Another dramatic example in the scientific literature is the
findings by Reitz in 1972. Reitz observed that the settling rate of friable asbestos caused
task average airborne concentrations from fireproofing spray operations to be reduced
by 95% in only 30 minutes and by 99% in only 60 minutes.138 Such rapid settling rates
are among the predominant reasons that it is common practice for industrial hygienists
to appropriately assume zero exposure during those times other than the actual task or
area sampling time.
In summary, dense particles that may contain fibers but are aerodynamically nonfibrous, such as particles of relatively large mass mean diameter from the sawing of
asbestos cement pipe, will settle much faster than many other more common friable
asbestos-containing materials. This is not to say that all particles will rapidly settle. Only
the 90% of Baeten’s particles that act like cement particles rather than the 10% that act
like asbestos fibers can be expected to rapidly settle close to the source of the dust.
In summary, the normal diffusive effect of distance, combined with the enhanced settling
rate of high density particles both with and without asbestos fibers attached, serve to
reduce bystander exposure to these materials by at least one and generally two orders
of magnitude (10X-100X).

Literature Review of Industrial Hygiene Exposure to Asbestos - Take-Home
The first speculation of the possibility that asbestos-related disease might result from
indirect “take-home” exposure to others occupationally exposed to asbestos was first
raised in the asbestos scientific literature by Newhouse in 1965.139 This study was not
capable of focusing on “take-home” exposure; the population studied by Newhouse had
significant “community” environmental exposure from the crocidolite asbestos factory in
the neighborhood. As we now know the “community” exposure from living near an
asbestos factory or mine can pose a significantly greater risk than any other “take-home”
or “household” exposure that might occur within a home, and in fact can be so profound
to have exceeded the current occupational exposure limit as well.140141
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As of 1969, virtually nothing was known about “take-home” exposure to asbestos.
Selikoff expressed doubt about cases of disease without occupational exposure to
asbestos and considered the issue “overrated.” His comments at an international
conference in 1969 indicated that he did not believe at the time that there was any
indication of any significant risk associated with “take-home” exposure to asbestos.142
In 1972, OSHA established a requirement for separate clothing systems for persons with
the highest exposures that were involved in spraying, demolition, or removal of
equipment covered by asbestos or which was exposed to asbestos greater than the
OSHA Ceiling Limit of 10f/cc for any 15-minute period. No mention was noted in the
OSHA standard of potential household exposure to other persons in the 1971 or 1972
and 1976 OSHA asbestos standards.143144
In 1976, Anderson published the first take-home exposure study of household contact
with asbestos, and in 1979 and 1983, published the results of the continuing
investigation. 145146147148 In 1978, Vianna evaluated cases primarily associated with
insulators and noted that there was no convincing evidence that indirect exposures
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contributed to the occurrence of mesothelioma.149 In 1980-83, Nicholson first reported
measurements made of asbestos levels in the homes of asbestos mine
workers.150151152153 In 1985, Kilburn reported that the families of shipyard workers could
be at increased risk for asbestos-related disease.154
In 1986, the preamble of the revised OSHA Asbestos standard noted the potential for
household exposure, but also noted that the only scientific evidence presented were
verbal comments and that the evidence relating dose to household disease was limited.
The requirement for protective clothing that was laundered by the employer was required
only in order to protect employees. Showering was required because it provided “added
protection to employees and their families.”155
In 1989, Huncharek indicated that while the risk of mesothelioma associated with
occupational exposure is well documented, the risk posed by domestic exposure is
uncertain but presented a case report demonstrating that under extreme conditions it is
possible for substantial exposure to result from domestic contact.156 In 1989, Grandjean
reviewed in a section of his paper the existing take-home literature and concluded that
the general significance of household exposures, while difficult to ascertain in any detail,
were probably more frequent and significant than had been suggested by the only
occasional reports published in the scientific literature before 1989.157 In 1991, Joubert
149
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noted that quite limited epidemiologic investigations had been done to date to assess the
risk of living in the same house as an asbestos worker. The four cases noted by Joubert
were the same cases previously reported by Anderson two decades before.158159 In
1992, Dodoli reported on cases mostly associated with shipyard and insulator
workers.160 In 1993, Magnani reported on asbestos exposure among a residential
population located near an asbestos cement factory in Italy.161
In 1995, NIOSH published a report for Congress that reviewed the current state of the
art regarding what was known about the issue of take-home exposures. Contaminated
work clothing was noted as the primary means in which it would be possible for
industrially exposed workers to “take home” some amount of dust into a family home.
Anderson was noted by NIOSH as the first to infer that asbestos-related diseases were
due to home contamination emanating from clothes contaminated at work, especially
due to laundering the clothes.162
No studies as of 1995 had evaluated the relationships between home contamination by
asbestos, contamination of clothing brought home from work, and exposures during
home laundering.163 NIOSH indicated in its 1995 report to Congress that it had
performed approximately 40 health hazard evaluations to address potential home
contamination. My search of the NIOSH database of 3355 health hazard evaluations
indicated that 257 pertained to asbestos but that only several asbestos-related NIOSH
Health Hazard Evaluations even referenced potential home contamination. The asbestos
exposures of the workers in this particular case were minimal and the take-home
exposure, if any, was not evaluated.164 In 1997, NIOSH published a summary of the
1995 study. This guide recognized that few studies document the frequency and
distribution of health effects among the families of workers and that existing reports
contain little information about the levels of contamination in workers’ homes.165
Miller in 2005 discussed 27 pleural mesothelioma cases from 1990 to 2005 with more
than half directly associated with an asbestos factory or shipyard.166 A similar number
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had been reported by the NIOSH report to Congress in 1995.167 In 2006, Marchevsky
comprehensively reviewed the historical non-occupational case reports in the scientific
literature and found 150 of 287 meeting some criteria of take-home exposure with 124 of
150 or 83% associated with asbestos workers including miners, product manufacturing
and shipyards. Most were from asbestos miners and factory workers; less than 7% of
these cases were associated with asbestos insulators that lived in the home.168
In 2011, NIOSH published its most recent review on the state of the science of asbestos,
and referenced no additional information from the scientific literature on take-home
exposure since its 1995 report.169 In 2012, Donovan published a comprehensive review
of the take-home literature, including case reports and exposure studies.170 A recent
study has continued to review the potential exposure risk from handling of clothes
previously contaminated with asbestos-containing material.171
Industrial Hygiene Studies of Asbestos Pertaining to the Laundering of Clothes
It has been demonstrated that the clothes washing exposure period of primary concern
is that of the handling of asbestos contaminated clothing before it becomes wet. 172
Sawyer demonstrated in 1977 that the handling associated with laundering
contaminated coveralls for an asbestos abatement work crew of 40 persons was
associated with task-based mean fiber counts of 0.4 f/cc.173
In 1998, Grosse found that the portion of exposure attributable to the dryer exhaust is
unlikely to contribute any appreciable portion to the airborne concentrations of fibers
greater than 5µ in length. 174
Madl demonstrated in 2008 that personal and area task sample results from handling of
the clothes worn during the handling of a large number of brake shoes were 0.011 and
0.01 f/cc, respectively.175 The handling of contaminated work clothing resulting from
heavy equipment brake work, including the shaking, turning inside out and folding of the
coveralls, was also studied by Madl in 2009 and has been associated with handling task
airborne concentrations of 0.01f/cc-0.036 f/cc for bystander and worker clothes,
respectively.176 Jiang demonstrated in 2008 that the handling of clothes associated with
167

Report to Congress on Workers' Home Contamination Study Conducted Under The Workers' Family
Protection Act (29 U.S.C. 671a). US Dept. of HHS. PHS. CDC. NIOSH. Sept. 1995. Pub No. 95-123.
168
Marchevsky, A.M., et al. Mesothelioma in Patients with Non-occupational Asbestos Exposure- An
Evidence-Based Approach to Causation Assessment. Annals of Diagnostic Path. 10: 241–250. 2006.
169
Asbestos Fibers and Other Elongate Mineral Particles: State of the Science and Roadmap for Research.
Current Intelligence Bulletin 62. Department of Health and Human Services. Centers for Disease Control
and Prevention. National Institute for Occupational Safety and Health. DHHS (NIOSH) Publication No.
2011–159. March 2011.
170
Donovan, E.P., et al. Evaluation of take home (para-occupational) exposure to asbestos and disease: a
review of the literature. Critical Reviews in Toxicology, 2012; 42(9): 703–731.
171
Sahmel, J., et al. Evaluation of Take-Home Exposure and Risk Associated with the Handling of Clothing
Contaminated with Chrysotile Asbestos. Risk Anal. 2014.
172
Grosse, I., et al. Asbestos on Textiles: Is There an Endangering During Washing and Wearing?
Journal Of Hazardous Materials A:63 (1998) 119-130.
173
Sawyer, R. N. Asbestos Exposure in a Yale Building. Environmental Research. 13, 146-169. 1977.
174
Grosse, I., et al. Asbestos on Textiles: Is There an Endangering During Washing and Wearing?
Journal Of Hazardous Materials A:63 (1998) 119-130.
175
Madl, A.K., et al. Exposure to Chrysotile Asbestos Associated with Unpacking and Repacking Boxes of
Automobile Brake Pads and Shoes. Annals of Occupational Hygiene. 2008.
176
Madl, A.K., et al. Airborne Asbestos Concentrations Associated with Heavy Equipment Brake
Removal. Annals of Occupational Hygiene. 2009.

20

asbestos-containing automobile clutch discs produced 0.003f/cc and 0.002f/cc
exposures for 15 and 30 minute durations for the dirty clothes handler.177 In 2012,
Donovan published a comprehensive review of the take-home literature, noted the
paucity of studies correlating worker exposure to take-home exposure, and offered an
assumption for the purposes of analysis that the airborne concentration while handling
clothing might be approximately an order of magnitude less than the average airborne
concentration in the workplace.178
Summary of Industrial Hygiene Studies of Take-Home Exposure to Asbestos
In summary, very little empirical evidence exists today for asbestos take-home
contamination outside of the scenarios of grossly-contaminated clothing of asbestos
mine workers, shipyard insulator workers, and asbestos product factory workers.
There are other documented “domestic” cases in the scientific literature, such as the sad
case of a family that manufactured asbestos cement in an unventilated basement of the
family home for over 15 years, which is arguably an occupational rather than a
“domestic” example of exposure.179 The extreme exposures in such cases should not be
confused with the relatively tiny exposures associated with “take-home” events beyond
those associated with grossly-contaminated clothing of asbestos miners, career
insulators, and asbestos factory workers.
Take-home exposure cases that do not fall into one of the three broad categories of
asbestos miners, career insulators, and asbestos factory workers appear to be, based
on the currently available scientific literature and governmental regulatory history for
asbestos, very rare events indeed.
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