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I. NATURAL OCCURRENCE, PRODUCTION, USAGE, AND EMISSIONS

A.  NATURAL OCCURRENCE

The word “asbestos" is not a mineral name, but a term appliéd to a group
of naturally occurring mineral silicate fibers of the serpentine and amphibole
series. Serpentine minérals are "layered silicates" and only one of these,
chrysotile, is an asbestos mineral. Thé amphibole asbestiform minerals are
"chain silicates” and the five varieties of commercial importance are commonly
known as actinolite, amosite, anthophyllite, crocidolite and tremolite
(Chronic Hazard Advisory Panel on Asbestos, 1983). )

Chrysotile occurs on1yvin serpentine, a fine-grained rock composed almost
entirely of hydrous magnesium silicate minerals similar‘to chrysotile in
chemical composition. Serpentine is a secondary rock, derived by alteration
of several magnesium-rich types of igneous rocks, principally peridotite, and
is abundant in the Coast Ranges, Sierra'Nevada, and K]amafh'Mountains.of
California (California Department of Conservation, 1963). |

Amphibole‘asbestos is a general term for all varieties other than
chrysotile. Only a few of the amphibole minerals, primarily those that are
aluminum poor, become suffiéient]y fibrous to be used as asbestos. 0f these,
tremolite and actinolite are the only ones that have been of significance in
California. -Amosite has not been found in California, and crocidolite and
anthophyllite have not been found here in commercial guantities (California
Department of Conservation, 1963). Figure I-1 shows the principal asbestos

deposits in California and the location of the two operating mines.
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B.  PRODUCTION

Only three mines prodﬁce asbestos in the United States, two of these are
in California: The Calaveras Asbestos Corporation which operates a mine in
Calaveras County, and KCAC, Inc. which operates a mine in San Benito County.
Both mines produce chrysotile asbestos by open pit mining (Burnett, 1982; U.S.
Department of the Interior, 1976-1984; Versar Inc., 1984). Prior to 1980 as
many as five asbestos mines were in operation in California (Roberts, 1988).
In 1984, California mines and mills produced 57,308 tons of asbestos.

C.  USAGE | ]

Before asbestos from a mine can be used, it must be processed into fiber
at a mill. Milling is a complex operation which separates the fiber from the'
mined rock‘by repetitively crushing the rock and then screening out the
fiber. The fiber is then separated into various grades based on length. The
processed asbestos fibers are then utilized by either primary or secondary
manufaéturers to produce various proddcts for end users {(U.S. Department of
the Interior, 1980). The Tongest fibers are used for spinning and are woven
into fabrics while the shorter fibers, nonspinning grades, are used in such
products as cement or paper stock.

Primary manufacturers are companies that process raw asbestos fiber into
either intermediate products (to be further processed or fabricated) or into
finished products. Intermediate products from primary manufacturers include
gasket paper, electrical insulating paper, textiles, packings and gaskets, and
asbestos-éement sheets. Typical examples of finished products from primary
manufacturers include coating mixtures, adhesives and sealants, floor

covering, roofing felts, and asbestos-cement pipes. Some primary products



such as asbestos cement pipe, vinyl asbestos floor tile, and asbestos coatings
and sealants undergo 1ittle or no secondary processing. Other products such
as asbestos packings, gasketing materials, asbestos textiles, asbestos
reinforced plastics, asbestos papers, and asbestos cement sheets must undergo
further fabrication or modification before the product is finished (Yersar
Inc., 1984).
| Secondary manufacturers are companies that further process the
intermediate asbestos product to produce either another intermediate product
or a finished product. Some examples of finished products from secondary
manufacturers include tapes, spacers, washers and electrical component boards
fabricated from electrical insulating paper; brake pads riveted or bonded to
brake shoes; fume hood 1iners and laboratory table tops (Versar Inc., 1984).

Al though processed asbestos fiber has more than 2000 uses, its major use
has been in products connected with the construction industry (U.S. Department
of the Interior, 1980). In 1984, the end use consumption of asbestos in the
U.S. was as follows: friction products, 22 percent; flooring products, 21
percent; asbestos cement pipe, 12 percent; coatings, adhesives and sealant
compounds, 11 percent; asbestos cement sheet, 8 percent; packings and gaskets,
6 percent; roofing products, 3 percent; paper and textiles, 1 percent; and
other, 16 percent (U.S. Department of the Interior, 1985).

0f the total asbestos consumed in the United States in 1983, 97 percent
was chrysotile and three percent was crocidoiite. Small amounts of amosite
were reported used (U.S. Department of the Interior Minerals Yearbook, 1984).
A more recent breakdown of the types of asbestos used is not yet available.

Asbestos supply and demand data during the last 10 years shows a general

decline in production and consumption. Figure I-2 depicts the general
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decrease in'production and consumption of asbestos from 1973 to 1984 (U.S.
Department of the Interior; 1965-1974; U.S. Department of the Interior,
1976-1984). The demand for asbestos is expecied to remain below the 1980 use
through 1990 (U.S. Department of the Interior, 1985).

Consumption of asbestos could decrease at a greater rate if the U,S.
Environmental Protection Agency (EPA) pursues a draft proposed asbestos ban
under the Toxic Substances Control Act.

On June 15, 1984, EPA submitted to the Office of Management and Budget
(OMB) a draft proposed rule that would have banned the use of asbestos in
asbestos cement pipe, roofing tiles, floor tiles, and sealant compounds
beginning in 1985. _EPA submitted a second draft proposed rule on August 15,
1984 that would have banned the use of asbestos clothing immediately and would
have banned all uses of asbestos by 1995. EPA's regulatory impact analysis of
the proposed rules attributed 87 percent of the benefits to reduced exposure
in the workplace. fhe other 13 percent were attributed to reduced ambient
exposure.

~ The EPA dropped its proposal to ban asbestos in February, 1985 based on
OMB's legal analysis yhich concluded that it was appropriate for EPA to refer
regulatory authority to another agency if that agency can reduce or prevent
the risk associated with the substance. It is unclear at this time if EPA
will pursue this again in the future.

D. ESTIMATED STATIONARY AND MOBILE SOURCE EMISSIONS

The principal sources of asbestos emissions in California are'a) mining
and milling, b) manufacturing of asbestos products (both primary and
secondary), ¢) automobile brakes, and d) quarrying. Other sources of

emissions are landfills, renovation and demolition of buildings, roads



Figure I-2
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surfaced with gravel containing asbestos, and natural weathering or human
disturbance of serpentine (asbestos containing mineral) deposits. A summary
of estimated asbestos emissions is shown in Table I-1. Except for gquarrying,
the emission estimates include total asbestos fibers emitted into the
atmosphere. For §uarrying, the emission estimates are for asbestos fibers
that have an effective aerodynamic diameter of 7 microns or less.

1. Mining and Milling

Mining and milling by the Calaveras Asbestos Corporation and KCAC, Inc.
account for most of the estimated emissions of asbestos-in the state (refer to
Table I-1). These emissions arise from activities such as drilling, blasting,
gathering and loading of ore, transportation of the ore, milling, and the
removal of waste dust (Archer and Blackwood, 1979; Versar Inc., 1984). Figure
I-3 shows a typical flow diagram of mining and milling operations.

Available asbestos emission factors for mining operations range from 5 to
8 pounds per ton of processed ore if emission control methods are used and
from 9 to 10 pounds per ton if no control methods are used (Archer and
Blackwood, 1979; Meylan, et al., 1978; Rajhans and Bragg, 1978; Versar Inc;,
1984). Emission control methods for mines include spraying the ore and/or
roadways to reducg dust, as well as fitting drilling equipment with cyclone
dust collectors. Generally, it is.difficu1t to completely control mining .
operations because many activities are carried out in the open. Since
Cajifornia mines are required to use_contro] methods in order to comply with
the National Eﬁission Standard for Asbestos and to wet exposed ore, the lowest

emission factor of 5 pounds per ton was used to estimate mining emissions.



Table I-1

Summary of Estimated Asbestos Emissions

y Emissions* Inventory

Source Source Type (tons/year) Year Reference
Mining Point 120 1984 1/
Milling Point - 340 1984 -1/
Manufacturing

Primary Point 4 1982 & 1984 _ 2/

Secondary Point 2 1982 & 1984 2/
Automobile Mobile 0.8 1984 3/

Brakes
Quarryin ~ Point _0.5 1981 &

Total 470

* The emission estimates may not total due to rounding.

1/ Archer and Blackwood, 1979; Roberts, 1980; U.S. Department of the
Interior, 1976-1984; Versar Inc., 1984,

2/ california Air Resources Board, 1985; Versar Inc., 1984; Zwiacher et al.,
1983.

3/ california Air Resources Board, 1984; Williams and Muhlbaier, 1982.

4/ Air and Industrial Hygiene Laboratory, 1981; Blackwood, Chalekode, and
Wachter, 1978; U.S. Environmental Protection Agency, 1981.
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Figure I-3
FLOW DIAGRAM OF ASBESTOS MINING AND MILLING
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Asbestos emissions from mining operations are thereforé estimated to be
approximately 120 tons in 1984.

Reported milling emission factors range from 12 to 80 pounds per ton if
controlled and 100 pound per ton if uncontrolled {Archer and B1ackwood; 1979;
Meylan, et al., 1978; Rajhans and Bragg, 1978; Versar Inc., 1984). A number
of control methods are used for miiling operations. Cyclones are used first
to concentrate and collect. the fibers. Figure I-3 shows the typical locations
where cyclones are used. Baghouses are then used to control the air emissions
of asbestos from such processes as crushing, screening, fiberizing, product
bagging, and conveying of waste rock material to the tailing pile (Harwood and
Blaszak, 1974; Meylan, et al., 1978; Versar Inc., 1984). Engineering estimates
of collection efficiency for baghouses are about 99.99 percent for fibers
greater than 1.5 um and about 98 percent for fibers less than 1.5 um in length
(Harwood, C. F., et al., 1974). However, the overall reduction in asbestos
emissions should be greater when cyciones and baghouses are used in series.
Tailing emissions also arise from the milling operation. These are usually
controlled by spraying with water and chemical stabilizers.

The Calaveras Asbestos Corporation uses baghouses or éyc1ones combined
with baghouses to control emissions during ore preparation, drying, at the
dryrock storage building, and on the milling facility. They also apply
chemical stabilizers and water to control ewissions from mill tailings .
Assuming that both milling facilities in the state control asbestos emissions
to the lowest reported ievel, an emission factor of 12 pounds per ton of
processed asbestos was used to calculate emissions. The estimated emissions

from California milling operations in 1984 is 340 tons.
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2. Manufacturing Emissions

a. Primary

There are 42 identifiéd primary manufacturers of asbestos products in the
state. Of these, 33 are in the South Coast Air Basin. About three-fourths of
the manufacturers produce coatings, adhesives and sealants. The rest are
producers of asbestos cement pipe, asbestos reinforced plastic, floor tiles,
paper, packings and gaskets or friction products. Reported emission factors
for primary manufacturing of the various asbestos products range from 0.14
pound to 1.1 poundﬁ asbestos per ton of asbestos used (Yersar Inc., 1984).
Applying these factors to the data derived from surveys of asbestos product
manufacturers, asbestos emissions from primary manufacturing are estimated to
be about 4 tons per year. Table I-2 presents estimated emissions by product
category for the primary manufacturing facilities and Table I-3 shows where
the facilities are located. .

Al though most of the manufacturers produce coatings, adhesives or
sealants, over 70 percent of the estimated emissions come from the prbduction

of asbestos cement pipe. Emissions occur during the mixing of asbestos fiber

‘with cement and silica, and during the receiving and storage of asbestos.

Baghouses are typically used to control emissions where possible. The overall
emission factor for the process was estimated to be 0.30 pound per ton
(Meylan, et al., 1978; Versar Inc., 1984).
b. Secondary
There are 48 identified secondary manufacturers of asbestos products in
California. About half are engaged in the fabrication of friction products,
27 percent in packings and gaskets and the rest in paper, coatings, adhesives

and sealants, plastics, textiles and chlorine manufacture. The combined
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Table I-2

Summary of Asbestos Emissiqw from
Primary Manufacturing!/-

No. of Total Tons Emission Factors  Emissions*
Facilities Processed (pound/ton} (ton/year)
Friction
Products 2 350 0.60 . 0.1
Packings and 2 3 0.60 < 0.1
Gaskets )
Coatings, 32 4,080 0.20 0.4
Adhesives and .
Sealants
‘Cement Pipe 2 16,700 0.30 3
Paper ] 30 1.10 < 0.1
Plastics 2 9,300 0.14 0.7
Floor Tile a 30 0.34 < 0.1
Total 42 30,493 4

* The emission estimates may not total due to rounding.

1/ References used to develop this table were: Air Resources Board, 1985
and Zwiacher, 1983. Emission factors used were taken from Versar Inc.,
1984.
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Table I-3

Locations of Primary Manufacturing
Facilities in California

Other 17
Los South San Contra Other2/  San
Angeles (QOrange Coast Diego Costa Alameda Bay Area Joaguin
Product County  County Counties County County County Counties County Total
Friction

Products 2 2
Packings and 1 1 2

Gaskets -

Coatings,

Adhesives

and '

Sealants 19 _ 2 3 1 2 3 2 32
Cement Pipe , ' 1 ‘ 1 2
Paper : 1 1
Plastics 1 1 . : 4
Floor Tile 1 — . _ - — . — a
Total 24

-
-+
—
w
oW
~n
-t
S

%/ Riverside County and San Bernardino County
2/ san Francisco County and San Mateo County
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Table I-4

Summary of Asbestos Emissions from

Secondary Manufacturingl

No. of Total Tons Emission Factors Emissjons*
Facilities Processed (pound/ton) (ton/year)

Friction -

Products 25 12,500 0.31 2
Packings and 13 80 0.53 < 0.1

Gaskets B
Coatings, 1 0.2 0.024 <0.1

Adhesives and

Sealants
Paper 5 13 1.08 < 0.1
Plastics 1 0.1 0.14 < 0.1
‘Textiles 2 0.6 0.28 < 0.1
Chlorine

Manufacturing 1 30 .14 <0.1

Total 48 12,624 2

* The emission estimates may not total due to rounding.

1/ References used to develop this table were:
and Zwiacher, 1983.

1984.

1-14

Air Resources Board, 1985
Emission factors used were taken from Versar Inc.,



Locafions of Secondary Manufacturing

Table I-5

Facilities in California

Other 7
Los South Contra
Angeles Orange Coast Costa Alameda
Product County County __ Counties __County County _ Total
Friction
Products 20 2 1 2 25
Packings and 6 3 1 2 1 13
Gaskets .
Coatings,
Adhesives
and
Sealants 1 1
Paper 3 2 5
Plastics 1 1
Textiles 2 2
Chlorine
Manufacturing _ . _ a _ nl
Total K} 8 3 3 3 48

1/ Riverside County and San Bernardino County
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asbestos emissions from these secondary facilities is estimated to be about 2
tons per year. Table I-4 p_resents a summary of asbestos emissions by product
category from secondary manufacturing and Tabie I-5 shows where the facilities
are located. |

As in primary manufacturing, baghouses are the major emission control
device used by secondary manufacturers.

3. Automobile Brake Emissions

The major constituent of automobile brake linings is chrysotile asbestos
which makes up about 35-60 percent of the brake 1iner. The rest of the
ingredients are binders which are phenolic type resins and modifiers such as
carbon black, graphite, aluminum and silica (Meylan, et al., 1978).

Braking causes the brake 1ining to wear away and creates dust particles.
These particles are first entrained around the brakes, but eventually settle
onto the roadway or become airborne. Although the brake material contains
about 50 percent asbestos, the emitted particles contain only about 0.029
percent asbestos. Apparently, most of the original- asbestos fibers are broken
down into nonfibrous materials (magnesium silicates) during the braking
process {(Lynch, 1968; Rowson, 1978; Williams-and Muhlbaier, 1982).

On a statewide basié, emissions from automobile brakes are estimatad ta
be a minor fraction (less than 1 ton/year) of the asbestos emissions. This
emission estimate is based on an emission factor of 2.6 ug/km/vehicle
(California Air Resources Board, 198%; Williams and Muhlbaier, 1982).

However, in high braking areas such as toll booths, some researchers reported
a noticeable increase in asbestos levels. Air concentrations of asbestos in
an area adjacent to a toll booth has been reported to be 3-5 times higher than

areas where little braking is expected to occur.
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Other possible sources of asbestos emissions re1§ted to brake
1inings occur during the m&intenance and repair of the 1iner. There are no
available estimates for emissions from these activities. However, the
concentrat%on of asbestos may be significant due to the cloud of dust that is
generated in the work area when loose dust is blown from the brake drums and
back plates with compressed air (Meylan, et al., 1978).

4, Other Sources of Emissions

Other sources. of asbestos emissions include 15 emissions related to rock
quarrying operations in serpentine deposits and 2) natural weathering or other.
types of human disturbance of serpenting deposits {e.g., off-road vehicle use,
road building}. Eight rockvquarries in the state are located in serpentine
deposits and operate on a continuous basis. The chrysotile concentration in
these quarries rgngeS'ffom trace amounts to 20.0 percent by weight (Air and
Industfial Hygiene Laboratory, 1981; U.S. Environmenta] Protection Agency,
1981). The number of quar}ies by county as idehtified by EPA are as follows:
Santa Clara (2), Alameda (1), Marin (i), Tuolumne (3), and Shasta (1). Two of
the quarries in Tuoldmne County (Six Bits Quarry and Woods Creek Quarry)
produce crushed gravel which is used for surfacing unpaved roads. Using the
emission factor of 0.012 pound per ton of crushed stone produced (Blackwood,
Chalekode and Wachter, 1978), the respirable asbestos emissions from the \
quarrying of serpentine Qas estimated to be 0.5 tons per year.

Accofding to an EPA report, there are only 5 miles of county roads
surfaced with serpentine material in the state. The ARB staff believes there
may be a higher number of roads in California surfaced with serpentine
matefia1. Information from the Siskiyou County Air Pollution Control District

indicated that a temporary rock quarry in Siskiyou County supplied serpentine
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rock for use by the U. S. Forest Service in the building of roads in the
Shasta-Trinity National Fofest. Tests by the Natiopal Institute for
Occupational Safety and Health (NIOSH) showed asbestos ranging from 1 to 30
percent by volume in the serpentine rock. The U.S. Forest Service hired
Radian Corporation to obtain airborne samples of asbestos near the roadways.
The study showed asbestos in the samples ranging from 0.01 to 0.27 fibers per
cubic centimeter (see Part C). The ARB staff has not determined how the
samples were analyzed and has requested a copy of the Radian study from the
U.S. Forest Service. The Radian study points out the need to consider, in
future inventories, the fugitive emissions from roads surfaced with serpentine
rock. At the present time, emission factors are not available to estimate
these emissions.

Some other potential sources of asbestos emissions for which emission
factors have not been established are demolition and renovation of buildings,
maintenance and insfa]]atjon of insulating materials, landfills and natural
sources of asbestos. An EPA report and survey estimated that 95,556 public
and private schools and 700,000 commercial, residential apartments, and
federal buildings in the United States contain friable asbestos materials
(Greenblatt, 1984; Zurer, 1985). If these buildings were demolished or
renovated, the potential emissions to the atmosphere can be significant;
however, there is no information available to allow one to estimate the
emissions from the demoiition and renovation of buildings. The ARB staff
recognizes that emissions from this source and others for which emission
factors have not been established can contribute to ambient levels of
asbestos. As new information becomes available, these emissions should be

added to the inventory.
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It has been reported that about 90 percent of asbestos scrap {baghouse
dust and product wastes) are eventually disposed of in landfills (Meylan, et
al., 1978). The Department of Health Services considers waste materials
containing asbestos as hazardous waste and has issued specific guidelines for
asbestos handling and disposal. The Department’s guidelines state that the
asbestos waste should be wetted and sealed in non-returnable containers or in
closed vehicles for handling and transport. For disposal, the guidelines
specify that advance arrangements be made with the disposal site operator to
aﬁsure that the asbestos containing waste is covered quickly with six inches
of compacted soil. Landfill operators are also cautioned to take actions that
ensure thel compacting equipment does not become contaminated with asbestos
dust.

Appendix C contains the calculations used for the emission estimates

given in this chapter.
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I11. PERSISTENCE IN THE ATMOSPHERE

A. CHEMICAL AND PHYSiCAL PROPERTIES

Unlike many substances that are discrete entities definable by a fixed
chemical structure, asbestos fibers cdmprise a group of materials that are
less easily defined. They have a broad range of chemical compositions,
crystal structures, sizes, shapes, and properties. They have also been
described with diverse terminology (Committee on Nonoccupational Health Risks
of Asbestiform Fibers, 1984).

The term “asbestos" is not a mineral name, but a commercial-industrial
term applied to a group of naturally occurring mineral silicate fibers of the
serpentine and amphibole groups. Serpentine minerals are “layered silicates"
and only one of these, chrysotile, is an asbestos mineral. The amphibole
asbestiform minerals are "chain silicates" and the five varieties of
commercial importance are known as actinolite, amosite, anthophyltlite,
crocidolite and tremolite (Chronic Hazard Advisory Panel on Asbestos, 1583}).
Table II-1 lists the names of the minerals inc]uded in the term asbestos.

The crystalline structure of chrysotile'consists of a layer of magnesium
oxide-hydroxide octahedra bonded to a layer of silicon dioxide tetrahedra in a
somewhat mismatched fashion that produces a curvature in the sheet. The
sheet, consequently, tends to roll ifself into a hollow tube or possibly a
tight spiral with the magnesium hydroxide on the outer surface. This hollow
tube constitutes the basic fibril of chrysotile. Fibrils, bonded togethér, |
constitute fibers and the fibers in turn may be banded together to build up
the macroscopic material. Theoretically, chrysotile can be successively split
until the ultimate fibrils are reached, but the ease of fiberization varies

with the particular ore {Selikoff and Lee, 1978).
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Table II-1

Mineralogy of Commercial Asbestosl/

Commercial Name Mineral Name Mineral Group

Chrysotile Chrysotile Serpentine

Crocidolite Riebeckite Amphibole

Anthophyllite Anthophyllite _ Amphibole

Amosite Cummingtonite- Amphibole
gruneriteg

(No common Actinolite- Amphibole

commercial name; tremolites/

sometimes called .

amosite) -

This table was taken from the report, Asbestiform Fibers -
Nonoccupational Health Risks, by the Committee on Nonoccupational Health
Risks og Asbestiform Fibers, 1984. Page 27.

Hyphenated mineral names, such:as. cumingtonite-grunerite, represent
mineral series. The minerals in the series are structurally identical
but can contain variable proportions of two or more different cations in
the same structural site. Thus, these mineral series may be regarded as
solid solution series. The variable cations in the cummingtonite-
grunerite series are magnesium and iron; most minerals in this series
have both elements. The end members are identified by the unhyphenated
names, e.g., cummingtonite, and grunerite. Sometimes the name of the end
member includes the cation, e.g., ferroactinolite.

Although asbestiform tremolite and actinolite occur in nature, large
commercially mined deposits are rare. However, actinolite asbestos is
found as a contaminant of amosite from South Africa, and tremolite
asbestos is found as a contaminant of some talc and chrysotile deposits.
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In contrast with the chrysotile crystal, amphiboles consist of double
chains of linked silicon-oxygen tetrahedra lying parallel to the vertical
crystallographic axis and bound laterally by metallic ions. There is no
tendency for such layers to roll in tubes. The S$i-0 bonds along the chain are
much stronger than the metallic ion bonds between chains, so that the
amphiboles break lengthwise with ease, giving a fibrous appearance (Selikoff
and Lee, 1978). .

The best known chemical quality of all types of asbestos fibers is their
_heat resistance. Al1 types of asbestos progressively break down to simpler

structures through dehydroxylation or dehydrogenation when heated to
temperatures between 400°C and 1000°C. It should be noted that asbestos
fibers as such do not have melting points but the decomposition products
formed on heating will themselves eventually melt.

The reactivity of asbestos towards acids and alkalines is fairly well
known. Strong acids rabidly decompose chrysotile but amphibole fibers show
various degrees of resistance against attack by strong acids. Strong
alkalines have little influence on all asbestos fibers, in particular on
chrysoti]é which makes.the latter fiber a likely reinforcing agent in cement.

Since the biologically relevant physical properties of asbestos are
described by the Department. of Health Services staff in Part B, only the
physical properties of asbestos that resulted in its widespread commercial use

_wil1 be described here.

1. Tensile Strength

Tensile strength is the most important physical property of asbestos.
Asbestos fibers with sufficiently small diameters have great strength and are

used in many indu§tria1-commercia1 products. Maximum tensile strength values
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have been obtained for chrysotile and crocidolite of about 60,000 kg/cmz,

however, the tensile strength varies with length and diameter of fibers.
These values are of the same order as those given for glass fiber ana carbon
steel and are somewhat greater than those for cotton and rock wool (Selikoff
and Lee, 1978).

2. Surface Area

In industrial terminology, surface area means degree of openness or
degree of fiberiiation. Each process involving asbesios fiber requires a
degree of fiberization which, within 1imits, is critical. for its purpose. For
example, chrysotile fibers prepared for inclusion in moulded brake 1linings
will have a different degree of fiberization from those prepared for the
carding process which brushes, cleans and straightens fibers in the first
stage of textile manufacture (Michaels and Chissick, 1979).

3. Thermal Insulative Value '

The insulative value of asbestos has in the past been widely utilized.
The asbestos fiber itself does not have low thermal conductivity, but when
fibers are separated they trap air which has a very low conductivity and so
provide insulation that, for heat flows-in-a constant direction, is comparable
‘to that provided by similar materials made from other fibers. For heat loads
that take.place in aiternate directions, such as on a roof exposed to the sun,
the moderately high density of the material combines with the low thermal
conductivity to give one of the lowest values for thermal diffusivity, the
governing physical attribute under these conditions (Selikoff and Lee, 1978).

Table II-2 shows chemical and physical characteristics of the main types

of asbestos. Note that the chemical composition of the amphiboles are
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Table 11-2

o CHARACTERISTICS OF THE WAIN TYPES OF ASBESTOS ripenst/

Characteristic Chrysotile Crocido¥ite Anos fte Anthophy)l{te Trem]fte Actinotite
Theorettcal Formula ", NagFell sFelil, (Fe. %),  (Mgife)y Caghgg Ca, (Mg Fe)g
. [51,0,1(0H) [51g0,,](04), ls'aozz]% [Siﬂz](ﬂi)z tst,.gul(w), [$150,,)()
Chenical Anslysis (range ‘o{ mejor constitusnts - percent)
Sioz 38-42 49-58 . 49-52 53-60 §5-60 51-56
A1 0, (0-2)¢ {0-1) _ {o-1) (0-3) (0-3) (0-3)
F0203 {0-5) 13-18 {0-5) {0-5) {0-5) (0-5)
fel {0-3) 3-21 35-40 3-20 {0-5) §-18
M0 38-42 {0-13) ' 5-7 17-31 20-25 12-20
Ca0 (0-2) (0-2) {0-2) (0-3) 10-15 10-13
uazo (0-1) 4-8 {o-1} {0-1) (0-2) {0-2)
Hz'm 11.5-13 1.7-2.8 1.8-2.4 1.5-3.0 1.5-2.5 1.8-2.3
*Bracketed figures denote substituents often present in asbestos. ’
Color Usually white. Bus Light grey to White to grey White to grey Pale to dark
,c:lgﬂ gu::_, pals brown pale brown graen
Decomposition
temperature* (DC) 450-700 400-600 $00-800 600-850 950-1040 620-960
Fusfon tespersture 0 S
residusl material (°C) 1500 : 1200 1400 1450 1315 1400
Density glt'.l3 2.55 3.3-3.4 3.4-3.5 2.85-3.1 2.9-3.1 3.0-3.2
Reststance to acids Undergoes fairly émd Attacked stowly Very good Very good Attacked stowly
i raptd attack .
Resistance to alkalies Yery good Good Good Yery good Good Good
kchmical properties of fiber as taken from rock samples:
Tens{le strgagth N 5 ‘ 17 ten) 5 5
g/c . !
{Average)(10%ps14 (440) {495) {250) {<100) («70) («70)
Young's Modulus 107 kg/ca? 1,620 1,860 1,620 . . -
(Average)(10* pat) (23) (27) @)
Texture Usuall Flextble to Usually brittle Ususlly brittle Usually brittle
flaxible, silky  brittle and
and tough tough

. ouhydrommou or dehydrogenation accompanied by disruption of-cryste! lattice and major Toss of strangth.

w

Y trom sarpentinised dolom to deposits.
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similar, therefore, fiber identification during analysis is difficult unless
proper laboratory equipment and techniques are used. Some of these equipment
and techniques are discussed in Section III-A.

4, Fiber Dimensions in Ambient Air and Occupational Settings

Available data on asbestos fiber dimensions in the ambient air indicate
that ambient fibers tend to be smaller than fibers found in occupational
environments. For example, the Committee on Nonoccupational Health Risk of
Asbestiform Fibers estimated that for equal mass, there would be approximately
35 times more ambient air fibers than occupational air fibers. In the SAI
report, the mean diameter and length for each sample analyzed by SAI is
given. Table II-3 summarizes the SAI data in terms of average mean values for
the samples taken at each location. There was only one location, South Gate,
where the average mean length was greater than 5 microns.

Occupational asbestos samples are usually analyzed by phase contrast
microscopy (PCM) and counted by a method prescribed by the U.S. Occupational
Health and Safety Administration (0SHA). Only fibers greater than 5 microns
and having an aspect ratio greater than 3:1 are counted. Therefore, small
fibers are not counted. Because of this, it is not possible to characterize
occupational samples in terms of mean diameter or length. The OSHA counting
method has lead to problems when attempting to compare ambient air
concentrations and occupational air concentrations. DHS included a detailed
discussion in Appendix A of the Part B report on the ratio of fibers longer
than 5 microns to total fibers counted in ambient air samples. DHS concluded
that there are between 1 énd 10 Tong fibers per 1,000 total fibers counted in

ambient air samples.
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" Table II-3

Summary of Average Diameters and Lengths of Samples

Collected by SAI During 1981

Chn¥§otile Amphiboles
Average( Average Average Average
Mean Mean Mean Mean
Diameter Length Diameter Length
Sample Site (Microns) (Microns) (Microns) (Microns)
King City : 0.4 4.6 . ~— -
San Jose 0.14 1.3 0.14 2.0
Napa 0412 1.1 0.18 1.1
Sonora. - 0.14 3.0 . 0.20 1.3
Century City =~ = 0.06 0.9 0.30 1.1*
San Fernando Valley 0.05 14 0.08 0.6
Bakersfield 0.08 0.7 . 0.17 2.1
South Gate 0.43 5.1 0.13 1.5
San Diego . 0.12 1.2 0.18 1.0
Stockton 0.05 0TI+ 0.15 1.4*

(1) For each sample taken by SAI, the mean diameter and length were reported.
These values are the averages of the mean dimension found at each location.

* Only one sample was reported.
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B. FATE IN THE ATMOSPHERE

Transformation processés associated with the fate of asbestos in the
environment are generally insignificant; the material is relatively inert.
Degradation has been observed in the laboratory under extreme conditions of
heat, mechanical stress and acidity. These conditions, however, are not
normally observed or encountered in the ambient environment (Versar Inc.,
1984).

Winds are'capabie of dispersing asbestos fibers from industrial sources
and naturally occurring sources. Once in the atmosphere, the fibers are
subject to removal by gravitational settling (dry deposition) and atmospheric
washout by precipitation (Versar Inc., 1984) but are also eési]y reentrained
~ from ground surfaceé (U.S. Environmental Protection Agency, 1978). In a study
conducted by Harwood and Ase (1977) in the vicinity of asbestos waste piles in
Denison, Texas, nearly equal upwind and downwind concentrations of asbestos
fibers were theorized to result from upwind resuspension of previously settled
fibers.

The deposition and eventual-burial of fibers in soils and sediments are
the major natural processes by which asbestos leaves the atmosphere. Asbestos
fibers could be reentrained if soils or sediments are disturbed by

anthropogenic or natural activities.
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III. EXPOSURE TO ASBESTOS

A. Asbestos Measuremeﬁt Techniques

Ambient asbestos air samples are usually analzyed by either optical
{(1ight) microscopy or electron microscopy methods. In some cases, the fibers
must have an aspect ratio* of 3:1 or greater to be counted. Each microscopy
method has its advantages and limitations and some of these are discussed in
this section.

In optical microscopy, there are two methods used to analyze asbestes
fibers: phase contrast microscopy (PCM) and polarized light microscopy
(PLM). PCM enhances the visibility of fibers under low magnification powers
of the phase contras; microscope, but cannot distinguish between asbestos and
non-asbestos fibers. In addition, the poor resolution power of the microscope
limits the detection of fibers to those larger than 0.3 microns. However, PLM
is widely used for asbestos screening and counting since this is the
prescribed method by U.S. Occupational Health and Safety Administration (OSHA)
for determination of asbestos emissions in occupational settings. This methed
involves counting fibers with acceptable aspect ratios and greater than 5
microns in length; therefore, the smaller fibers.are not counted.

There are two disadvantéges with PCM. First, the count includes fibers
within a specified size range, whether the fibers are asbestos or not.
Second, due to the poor resolution power of the phase contrast microscope,
fibers less than 0.3 microns will not be detected (Hayward 1985, Versar Inc.,

1984).

*Aspect ratio means that the length of the fiber must be at least 3 times
longer than the width of the fiber.

I1I-1



PLM can be used to identify and characterize asbestos and non-asbestos
fibers based upon the ctystél structure of the fibers. When used with
dispersion staining, PLM may be able to distinguish different types of
amphiboles within the sample. However, PLM has the same limitation as PCH
which is poor resolution powers in detecting the smaller fibers.

To analyze and identify smaller asbestos fibers, electron microscopy
{scanning electron microscopy (SEM) and transmission electron microscopy
(TEM)) should be utilized. SEM has a resolution limitation in that it can
only detect fibers larger than 0.1 microns. With respect to fiber
jdentification, SEM equipped with an energy dispersive X-ray spectroscopic
(EDXS) system can identify asbestos fibers by providing elemental analysis of
the fibers, but it does not provide structural information to identify
specific fiber types.

The preferred analytical method is TEM because of its ability to analyze
and detect the smaller asbestos fibers that are found in the ambient air. A
transmission electron microscope has the resolution capability of detecting
fibers that are 0.2 nanometers in diameter. ‘TEM can be used with selected
area electron diffraction (SAED) which provides crystallographic (structural)
information of the fibers being analyzed. TEM-SAED can identify chrysotile
fibers, although X-ray diffraction analysis can be used for confirmation. To
identify amphiboles, TEM-SAED must be supplemented by EDXS analysis in order
to obtain elemental information.

Although TEM is the preferred analytical method, there is no standarized
procedure for laboratories to use. Due to different instrument capabilities,
operator proficiencies, and procedures, it is difficult to compare the results

from various laboratories. In recognition of this problem, the EPA evaluated
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the TEM/SAED method and procedures of different laboratories and developed a
TEM/SAED provisional methodélogy manual to minimize the variability of

results. The provisional methodology is found in Electron Microscope

Measurement of Airborne Asbestos Concentrations, A provisional Methodology

Manual by A. V. Samuda, Colin F. Harwood, and John D. Stockman which was
ﬁub]ished in June 1978. At the present time, EPA is revising the manual, but
the changes have not been finalized.

B. ASBESTOS MEASUREMENTS

Several documents containing asbestos measurements taken in Cé]ifornia
were reviewed to show asbestos exposure to the general population (Appendix

D). Only the report entitled Ambient Asbestos Concentrations in California:

Volumnes I and 1I, prepared by Science Applications, Incorporated (SAI) under

contract to the Air Resources Board, contained asbestos measurements from
several populﬁted locations in the state. The samples were prepared and
analyzed using EPA's provisional TEM methodology with only a m%nor
modffication which consisted of using a smaller pore size filter for better
tol1ectiop of smaller fibers.

With one exception, the remaining studies were older, had used different
sample collection methods, sample preparation techniques and analytical.
techniques and were concerned with specific sources such as freeways, an
asbestos mill, and off-road vehicles. Since different sample collection and
analytical techniques were used fof these studies, the results are not
directly cpmparab]e. However, the measurements are useful for documenting
that asbestos is present in the ambient air. Appendix E contains a table
listing some of these measurements. In Section D of this chapter, a

discussion of ambient asbestos monitoring data collected in Alviso, California
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is presented. This area is_contaminated with asbestos fibers as a result of
disposal of asbestos waste in a nearby landfill.

We believe the asbestos data contained in the SAI report represent the
most recent and suitable data that are available for evaluating ambient
asbestoé concentrations in California. Therefore, we are limiting our
discussion to this study. (Science Applications, Inc., 1983). Samples were
collected and analyzed by SAI at ten sites located throughout California. As
with most asbestos data, samples represent very short averaging times and were
collected over a very limited time period. Although ambient levels determined
over the short-term are discussed, no method has been developed to extrapolate
from short-term averages to long-term averages. Because of the nature of the
measurements and the unknown variability of concentrations ovér time, annhual
average concentrations and associated population exposures cannot be
determined for asbestos. ‘

The samples were collected using a single-point filter sampler with a
cyclone inlet providing a collection efficiency of 50 percent for 3.5 microns
(um) aerodynamic diameter particles. This particular sampler was chosen
because of its ease of use in the field, ability to selectively sample
particles in the respirable range, and a design which allows for uniform
particle deposition on the filter. After the collection phase, samples were
taken to the laboratory for analysis. All sample analyses were cqmp]eted
using a transmis#ion electron microscope (TEM) with a resolution of six
angstroms and equipped with selected-area electron diffraction (SAED)

instrumentation. Chrysotile asbestos fibers can be identified using the SAED
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technique, however, amphibo?e aébestos fibers cannot be differentiated.
Appendix F presents more detailed sampling, sample -preparation, analysis and
quality control information.

In addition to measurement of asbestos concentrations, monitoring of
meteorological conditions and of temporal variations in particu]éte matter
concentrations were conducted at each site. The overall accuracy and
precision of the data collected by SAI are not documented in the final
report. The reason for this is that the actual number of samples collected
and analyzed were too limited to statistically validate the precision and
accuracy of the numbers repofted for each site. However, it is now known that
the high flow rate used for sampling in this study can result in significant
fiber loss (20-50% of the total) probably as a result of e]eqtroStatic
charging of the plastic filter holdgr (Hayward, June 1985).

Asbestos sampling sites were chosen based on emission and exposure
potential. The project's goal was to measure airborne asbestos in areas known
or suspected to have elevated levels as well as in areas isolated from
asbestos sources. Six factors rélated to source type and botential population
exposure guided site selection: |

1. Localized Sources: Locations at or near which asbestos ore

is processed, refined, or otherwise used, and at which
asbestos can potentially be released into the air at elevated
"concentrations;

2. Natural Deposits: Areas where soil provides a source of

asbestos fibers;

3. Non~Urban Locations: Rural areas with low population and

which are located away from metropolitan asbestos emissions

and natural deposits;
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4, Urban Locations: Areas of potentially high population

exposure to elevated particulate matter;

5. Industrial Sources: Metropolitan areas with high density

clusters of asbestos users, as identified in the
Environmental Protection Agency's register of sources
regulated under the National Emission Standards for Hazardous
Air Pollutants; and

6. Vehicular Braking: Areas where asbestos emissions from

automobile brake and clutch friction materials are expected
to be high.

Ten sites were selected for study. The site names, classification
characteristics and population within a five kilometer and ten kilometer grid
area of ea;hkdre listed in Table III-1. The relative locations of the sites
throughout the state are shown in Figure III-1. Two rural/suburban sources, a
mill near King City and the asbestos cement pipe manufacturing plant in
Stockton, were chosen to represent the localized source category. The mill is
an asbestos processing plant and is the only asbestos source in this study
Jocated in a rural area; chrysotile asbestos ore is both refined and packaged
at the King City mill. The asbestos pipe manufacturing plant is located at
the border of the Stockton urban area; no other asbestos sources were
identified in the vicinity of this plant.

Sonora in Tuolumne County was selected as a nmatural source site. Sonora
is the only one of three serpentine-rich deposit areas within the state that
does not have active mining nearby. Population surrounding the Sonora site is

Tow, with a seasonal (summer and fall) influx of tourists.
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Table III-1

Names, Classification Categories, and Population Neard/
the Ten Sites Chosen for the SAl Asbestos Sampling Study

Site Name Classification Category Population at Popu]ation'at
5 Kilometers 10 Kilometers
King City Localized Source Location 8,200 8,200
Stockton Localized Source Location 15,000 34,000
Sonora Natural Deposit Location 7,700 19,000
Napa Non-Urban Background Location 48,000 66,000
Oildale Non-Urban Background Location 4,300 23,000
San Diego Urban Background Location 10,000 100,000
Sherman Gaks - Urban Background Location - 6,400 120,000
San Jose Industrial Source Location 180,000 620,000
South Gate Iﬁdustrial Source Location 150,000 680,000
Century City Yehicular Braking Location 130,000 460,000

1/ pPopulation estimates were made by summing the population
of census track centroids located within a 5 kilometer and

10 kilometer radius of each monitoring site.
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Figure III-1

California Map Showing Locations
of the
Ten Sampling Sites Used

in the
SAI Study
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SAI chose two non-urban background sites at Napa and Oildale (near
Bakersfield) as being locatéd in non~-serpentine areas. These two sites
represent differihg climatological settings, especially with respect to
dominant wind patterns. Howéver, Napa County does have natural serpentihe
deposits (chrysotile) throughout the county’as shown in Figure I-~1. The
Oildale site had the secohd highest concentration measured in the study.” SAI
was not able to explain this value. The ARB staff believes that it is
jmportant to note the presence of asbestos fibers in an area that was not
suppose to have identifiable asbestos sources. .

_ Sites in San Diego and Sherman Oaks (San Fernando Valley) were selected as
urban background exposure sites. The sites were chosen to reflect dissimilar
climatological conditions and are located away from both serpentine deposits
and heavy automobile traffic. There were fewer than three sources using

~ asbestos in each of the two communities. |

San Jose and South Gate (Los Angeles County) were chosen to represent
industrial source sites. Eighty~six asbestos users were identified in the San
Jose area in 1981, Also in 1981, 147 users were identified in the Los Angéles
area; the South Gate location represents a dense cluster of these asbestos
users.

One of the major historical uses of asbestos has been as frictional
material in vehicle braking and clutch facings. Therefore, Century City was
chosen as a location representative of emissions from vehicular braking. In
order to duplicate meteorological conditions at the Century City site and aiso
quantify the affect of varying traffic volumes, samples were collected on an

adjacent Sunday {low traffic volume) and Monday (high traffic vo]hme).
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Traffic counts between the two days were anticipated to vary by at least an
order of magnitude.

C. AMBIENT ASBESTOS CONCENTRATIONS

A1l asbestos samples referenced in this discussion were collected during
1981. Samples were collected at each site during a single day except at
Century City, where samples were collected on two consecutive days (Sunday and
Monday) in an attempt to quantify the effect of traffic related sources on
ambient asbestos concentrations. Two asbestos samplers were operated at each
site location. Original sampling plans called for collection of at least four
four-hour samples at each site between the approximate hours of eight o'clock
in the morning and four o'clock in the afternoon. Because of ordinarily high
particle concentrations, and therefore possibly high asbestos levels, samples
at several locations were collected over shorter time intervals to preclude
overloading the filters.

Short-term (single sample) results are summarized in Table III-2.
Information given for each individual sample includes date of sample, sampling
time, sampling duration, and concentrations of chrysotile and of amphibole
asbestos( separately and combined) in fibers per cubic meter of air. Only
valid sampling data are included in the summary. Concentrations listed
include values below as well as concentrations at and above the analytical
detection 1imit. The analytical detection 1imit is a function of the total
area of collection filter scanned during analysis and also of the volume of
air sampled. At the time of sample analysis, only those fibers with a length
to diameter ratio of at least three to one were counted. When only one
chrysotile or amphibole fiber was counted on the sample scanned, the

concentration value based on that single fiber was used to define the
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Table II1-2 (
Summary of Respirable Asbestos Samples Collected by SAI During 1981

Sampiing Sampling Sampling Chtysogj]ei! Amphiboies/ Total
sample Site Date  Midpoint Time (min) (f/m3) (f/m3)  Asbestos3/
King City  09/21781 09:46 239 140,000  <OL 140, 000

(Local Source) 11:07 240 9,400 <DL 9,400
14:03 240 4,700 <DL 4,700
15:45 239 2,400* <DL 2,400
Stockton 07/23/84 10:25 227 <DL 2,500 2,500
(Local Source) 11:43 214 18,000 3,700* 21,700
Sonora 09/24/81 10:05 240 12,000 2,400* 14,400
(Natural Deposits) 10:40 247 6,900 2,300 9,200
14:40 240 2,400 2,400* 4,800
14:39 239 <DL <DL <DL
Napa 09/23/81 09:48 240 4,700 <DL 4,700
(Non-Urban) 10:06 240 <DL . - 4,700 4,700
14:01 240 9,400 <DL 9,400
14:20 239 4,700 7,100 11,800
Oildale 10/21/81 10:10 177 <DL <DL <DL
(Non-Urban) 10:40 179 6,300 8,500 15,800
13:30 182 3,100* <DL 3,100
14:35 - 169 52,000 52,000 104,000
San Diego 12/17/81 09:40 195 <DL 2,900* 2,900
{Urban} 09:38 190 3,000* 8,900 11,900
13:08 210 2,700% 2,700* 5,400
13:28 248 4,500 23,000 27,500
15:30 69 <PL 16,000 16,000
Sherman Oaks 10/20/81 10:05 241 < DL <DL <DL
(Urban) 10:17 241 16,000 =DL 16,000
13:37 119 14,000 4,800* 18,800
14:30 180 28,000 . <DL 28,000
San Jose 09/22/81 10:15 240 21,000 2,900 23,900
(Industrial) 10:31 241 14,000 9,400* 23,400
14:30 240 9,400 2,400* 11,800
: 14:43 240 © 14,000 7,100 21,100
South Gate 10/22/81 09:30 54 < DL 11,000* 11,000
(Industrial) 09:50 99 18,000 18,000 36,000
12:04 59 9,600* 58,000 67,600
: 14:25 59 56,000 <DL 56,000
Century City 10/18/81 09:10 158 < DL <DL <DL
(Vehicle Braking) 09:20 137 4,100% <DL 4,100
(Sunday) 13:45 204 15,000 <DL 15,000
14:05 86 46,000 = 20,000 66,000
Century City 10/19/81 07:30 61 56,000 <DL 56,000
{Vehicle Braking) 09:10 69 < DL <DL <DL
{Monday) 14:43 164 <DL <DL <DL
15:30 60 28,000 9,400 37,400

¥ IRdTcates asbestos Fiber concentration analyzed equals the detection 1Tmit
“for the sampling period.
1/ 11 out of 43 (26%) were below the detection limit.
2/ 19 out of 43 (44%) were below the detection limit.
3/ 6 out of 43 (142) were below the detection limit.

I
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detection limit for the specific fiber type. Samples that were analyzed and
not having any fibers countéd during analysis were classified by SAI as being
below the detection 1imit (DL). Nearly all fibers were less than to five
microns in length. Three samples contained asbestos fibers greater than five
microns in length and only one sample had a mean fiber diameter of one and a
half micrdns. The remaining samples had mean diameters less than one and a
half microns.

Table III-2 suggests that asbestos sampling results from the ten sites are
variable. In addition, individual samples collected at each of the sites are
also highly variable. Overall, fiber-specific and combined concentrations
range from levels below the analytical detection limit to a maximum
concentration of 140,000 fibers per cubic meter (f/m3). In addition,
several samples collected at the same location had concentrations ranging from
below the detection 1imit to quantifiable concentrations. SAI did not have an
explanation for this, .but they believe tﬁat meteorological condifious and
humidity can influence the sampling resuits.

The highest asbestos concentration measured was near the mill at King
City. The site represents a source-specific area in that it is located in a-
rural area with high levels of ashestos emitted from an isolated industrial
source. All fibers sampled at the King City mill were chrysotile ashestos:
this is not unexpected since the milling operation processes chrysotile ore.
The maximum concentration, 140,000 f7l3, was measured in the early morning
under reduced airflow conditions. This was intended to represent an upwind
sample from a 16calized source. However, the data did not indicate this.

‘Although it is generally thought that wind conditions determine the amount
of asbestos which can be picked up into the air, concentrations measured at

this site indicate higher levels under reduced air flow conditions than under
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higher wind conditions. Later in the afternoon, concentrations were much
1owei. Results of samp]ing-at this site emphasize the importance of changing
meteorological conditions and temporal variability on ambient asbestos
concentrations.

Asbestos concentrations measured at the other two source-specific
locations, Stockton (point source) and Sonora (natural source}, are low in
comparison to the-King City site. The high concentration at King City is
approximately six to ten times greater than the highest total asbestos level
measured at the other two sites. N

Concentrations measured at the Sonora site were all relatively low.
During the day on which samples were collected, there was no measurable wind
and visibility was clear. These types of meteorological conditions are
atypical for the site, and measured asbestos concentrations were lower than
expected. Consequent]j, it,iskdifficult to draw any conclusions from the data
and may be misleading to compare the Sonora results with those from other
sampling locations. As was true of.the King City location, samples collected
at both the Stockton and Sonora sites indicate the importance of
meteorological influences on resulting levels of airborne asbestos.

The remaining sites considered in the SAI study represent a variety of
conditions statewide, designed to identify more normal ambient conditions_fhan
those influenced by specific sources. Included among the other sites were
background sites which are located away from natural asbestos deposits,
industrial sites located among a number ofAcommercial asbestos users, and a
site designed to identify the potential contribution of vehicle braking in an

" urban area.
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Other sites chosen by SAI were located at Napa, Oildaie, San Diego, and
Sherman Oaks. A single observation of 104,000 f/m3.was measured at 0ildale
in the afterncon. This is the second highest concentration measured at any of
the .ten sites. SAI was unable to explain this high value. Other
concentrations measured at these locations range from levels below the
detection 1imit to a concentration of 28,000 f/m3. Eight of the seventeen
ebservations are less than 10,000 f/m3.

Total asbestos concentrations measured at the two industrial locations,
San Jose and South Gate, are all above the analytical detection limit
suggesting a more constant presence of airborne asbestos at these sites.
Concentrations range from 11,000 f/m3 to 67,000 f/m3 with the majority of
values above 20,000 f/m3. Asbestos levels measured at the industrial sites
are less variable than those observed at background and localized source sites.

Asbestos samples collected at the Century City location span a two day
period. Samples collected on Sunday represent light traffic conditions while
Monday samples represent heavy traffic conditions. Values for the two days
range from below the detection 1imit on both days to maximums of 66,000 f/m3
and 56,000 f/m3 on Sunday and Monday, respectively.  Comparison of the high
value measured on each of the two days does not show any significant
difference related to iight traffic versus heavy traffic conditions. Of the
total samples taken at Century City, only the two samples taken on Sunday and
Monday, early in the morning, show a significant difference. The chrysotite
asbestos level was higher by a factor of ten on Monday. SAI staff states in
their report that conclusions from these data should be cautiously drawn
because the sample with the higher level could be a result of a series of

emergency brakings at.some point during the sampling.
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Averages of all concentrations measured at each of the'sampling sites are
summarized in Table 111-3. _In calculating thése averages, concentrations
reported as below the detection limit were assigned a value of one~half the
detection 1imit as determined using‘Figure I1II-2.* For example, a sample
collected over four hours and éna]yzed as below the detection limit was
assigned a concentration value of (OﬂS x 2,400 f/m3) or 1,200 f/m3 for
jnclusion in the averaging calculation. The averaging process'tends to smooth
out the variability present among individual observations due to
meteorological ahd source related parameters and gives a,mdre representative
indication of daily average concentrations and potential differences among the
sites. As noted, individual concehtration_measuréments include levels below
the analytical detection 1imit as well as values at and above this Timit. In
the previous discussion, asbestos concentrations below the detection limit
were SO identified; in the following discussion of site.averages, these values
are treated differently. |

Al1 samples analyzed in the SAI study were collected at the same flow rate
(15.5 liters of air per minute)-and counted in an identical mannef.

Therefore, the analytical detection 1imit is a function only of sampling
time. A graph of detection 1imit versus sampling time is shown in

Figure 1II-2. Since sampling times in the SAIl study ranged from one hour to
four hours, net detection limits range from 9,100 f/m3,to 2,400 f/m3,

respectively. Concentrations presented in the SAI study are reported as below

*This averaging method was used to strike a balance between other averaging
methods that provide estimates lower than actual averages, if the
non~detectable values are assumed equal to zero, or estimates higher than the

?ctual average if the non~detectable values are assumed to equal the detection
imit.
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Table III-3

Summary of Averaged Respirable Asbestos Concentrations

Sampled by SAI During 1581

{Chrysotile Amphiboie jotat™
Total # Samples Peak Mean Samples Peak Mean Mean

Site Name Samples DL  (f/m3) (f/md) DL (f/m)  (f/m)  (f/md)
King City 4 0 140,000 39,000 4 1,200 1,200%* 40,000
Stockton 2 1 18,000 5,600 0 3,700 ° 3,100 13,000
Sonora 4 i 12,000 5,600 1 2,400 2,000 7,600
Napa 4 1 9,400 5,000 2 7,100 3,500 8,500
Oildale 4 1 52,000 16,000 2 52,000 16,000 32,000
San Diego 5 2 4,500 3,200 0 23,000 11,000 14,000
Sherman 4 1 28,000 15,000 3 4,800 2,200 17,000

Oaks
San Jose 4 0 21,000 15,000 0 9,400 5,500 21,000
South Gate 4 1 56,000 22,000 1 58,000 23,000 45,000
Century

City

Sunday 4 1 46,000 17,000 3 20,000 6,300 23,000

Monday 4 2 56,000 22,000 3 $,400 5,000 27,000
* The total mean concentb&tidns may not'tota1 due to rounding.
**For consistency, the averaging method was used for all locations. We would

not expect to find amphiboles at this location because the mill processes

chrysotile ore.
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Figure III-2

RELATIONSHIP EETWEEN DETECTION LIMIT AND SAMPLING TIME i
USED IN SAI ASBESTOS STUDY
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the detection 1imit if less than one fiber was counted on the portion of
filter scanned. Simply beéause no fibers were counted, one cannot eliminate
the sample from consideration or asshme.the asbestos concentration present in
the sample is zero. Some asbestos could be present, but were not analyzed.

Average asbestos concentrations for the ten sites sampled range from 7,700
f/m3 at Sonora to 45,000 f'/m3 at South Gate. Comparison of the average
values in Table III-3 is similar to the comparison of individual values
presented in Table III-2. South Gate shows the highest average concentration
while King City had the second highest average concentration. Total asbestos
concentrations tend to be higher at the industrial and localized sources than
the other sampling sites.

In the discussion above, we have presented an analysis of the asbestos
data by assigning a value of one-half the detection 1imit for each sample
result that was reported below the detection 1imit. For comparative purposes,
in Table III-4, we present mean asbestos concentrations for each samp]fng site
that were calculated using three methods. The three methods are: 1) assuming
non-detectab]e values are equal to zero, 2) assuming non-detectable values
equal one-half the detection 1imit, and 3) assuming non-detectable values
equal the detection limit. |

Results of thevSAI sampling study indicate that measurable airborne
asbestos concentrations are present at a mumber of locations throughout the
state. Quantifiable single sample concentrations vary by a factor of nearly
sixty, ranging from 2,400 f7m3 to 140,000 f’/m3 total asbestos. The
variation of mean concentrations from site to site is nearly a factor of six
" (7,700 £/m° to 45,000 f/m> total asbestos). Generally, the highest

concentrations were measured at sites influenced by localized and
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Table II1I-4
Mean Respirable Asbestos Concentrations Calculated By

Averaging_ Methods
(Fibers/m’)*

Chrysotile

Amphibole

Asgumed Non-detectable Value

Chrysotile & Amphibole

Asgumed Non-detectable Value

Site Nama Assumed Non-detectable Value
% D.L. 1] D.L. k p.L, 0 D.L. % D.L. 0 D.L.

King City 39,000 39,000 39,000 1,200 0 2,400 40,000 39, 000 42,000
Stockton 9,60C 9,000 10, 000 3,100 3,100 3,100 13,000 12,000 13,000
sonora 5,600 5,300 5,900 2,100 1,800 2,400 7,700 7,100 8,300
Napa 5,000 4,700 5,300 3,600 3,000 4,200 8, 600 7,700 9,500
Oildale 16,000 15,000 16,000 16,000 15, 000 17,000 32,000 31,000 33,000,
San Diego' 3,200 2,000 4,300 11,000 11,000 11,000 14,000 13, 000 15,000
Sherman Oaks 15,000 15,000 15,000 2,200 1,200 3,200 17,000 16,000 18,000
San Joae 15,000 15,000 15,000 5,500 5,500 5, 500 20, 000 20, 000 20,000
South Gate 22,000 21,000 24,000 23,000 22,000 24, 000 45, 000 43,000 48,000
Century City ’

Sunday 17,000 16,000 17,000 6, 360 5,000 7,500 23,000 21,000 25,000

Monday 22,000 21,000 24,000 5,000 2,400 7,700 27, 000 23,000 32,000
* The respirable asbestos cohcentrations may not total due to rounding.

1/ pD.L. means detection limit.
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industrialized sources; the lowest concentrations were found at sites isolated
from asbestos emission sourées.

Although SAI's measured asbestos concentrations suggest these conclusions,
individual measurements represent a very short averaging time, one hour to
four hours. In addition, comparison of asbestos data with simultaneously
collected meteorological data indicate ambient asbestos concentrations are
greatly influenced by changes in parameters such as wind and himidity. The
effect of changing meteorological conditions on resulting average asbestos
concentrations over a longer timeframe cannot be extrapolated from the one day
samples that are available.

In conjunction with asbestos sampiing, SAI also monitored site~specific
particle concentrations. The intent of thgse measurements was to determine
whether asbestos and particle levels are related and consequently, if particle
measurements could be used to predict ambient asbestos concentrations. SAI
found no relationship between measured asbestos levels and concentrations of
total suspended, inhalable, or fine particulate matter.

The ability to determine annual average concentrations is essential to the
evaluation of population exposures and the associated risk of ambientilevels
of potentially toxic compounds. At the present time, however, no long-term
asbestos sampling data are available and no method has been developed to
extrapolate long-term average concentrations from 1imited short-term
observations. Consequently, no estimate of annual average concentrations and
associated population exposures can be made. However, in some sampling
Jocations, a significant population resides in the area. In Table III-1, we
presented the population within five and ten kilometer areas for each of the

sampiing locations.
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D.  SOURCE OF ASBESTOS CONTAMINATION

The DHS staff has been.investigating an asbestos contamination problem in
Alvise, California which is a small community located near San Jose (see
Appendfx G). The population in a 5 kilometer area surrounding central Alviso
is approximately 31,000. Population located within a 10 kilometer radius of
Alviso is approximately 270,000.

During the 1950's and 1960's, waste from an asbestos cement pipe
manufacturing plant was disposed of in a landfill near Alviso. Subsequent
flooding of the landfill at various times in the past 30 years have caused
cbntamination of the soil in Alviso; Ambient air monitoring studies by DHS
have indicated significant concentrations of asbestos fibers in the air
throughout Alviso when compared to upwind concentrations (910,000 total
ﬁ’bers/m3 versus 12,000 total fibers/m3). This area has been designated
as a federal and state superfund clean-up site.

E. EXPOSURE THROUGH OTHER MEDIA

Although the primary focus of this report is exposure to asbestbs from the
ambient air, asbestos can be taken into the body by either inhalation or
ingestion of asbestos in other media. This section summarizes available
information on exposure through other media. Table III-5 expresses asbestos
exposure from various media in terms of the intake of fibers per year for an
office person, house person, and child (see Appendix H for details). The
re1ative amount of time a person spends in each exposure environment has a
major impact on the levels of asbestos fibers taken into the body. For
example, although there was no significant difference in the asbestos
concentrations found jn the home and the ambient air, the‘difference in yearly
intake of asbestos fibers into the body from these two environments was

significant. (see Table III-5)
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Table III-5

Yearly Intake of Asbestos Fibers From Various Medaia For
An Office Worker, House Person, ana Child

Child House Person Office Worker
(100 fibers (108 fibers (106 fibers

Exposure Route per year) per year) per year)
Inhalation .

Ambient Air 20-100 6-30 6~30

Indoor-Schools 50-4,000 0 . 0

with asbestos

Inacor-0tfice 0 10-200* 60-1,5G0

buildings with

asbestos ‘

Indoor-Homes 1-200 1-300 1-200

with ashestos : e

Total** 70~4,300 " 20-500 70-1,700

Ingestion

Treated Water System 400-90,000,0C0 500~-140,000,000 500-140,000,000

* Accounts for time in stores, banks, and other similar types of buildings.

**  Intake levels have been rounded off.

Note: The estimates presented in Table III-5 are based on 1imited data and
should not be considered absolute. This data was tabulated to illustrate
the combined effect of assumed exposure times and concentrations on the
intake of asbestos fibers.
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Indoor concentrations in office buildings and schools cah exceed ambient
air concentrations when asbestos has been used in buildings for specific
purposes such as insulation and as a fire retardant on structual components.
The asbestos intake levels in Table I1I-5 for exposures in buildings (home,

. office buildings, and schools) include estimates for buildings with asbestos
present in the surrounding materials. The upper levels, therefore, may not be
representative of the concentrations one would find in an "avérage" home,
school, or office building but for the group of iﬁdividuals affected, the
intake levels can be significant]y higher than those from ambient air.

Although intake of asbestos from drinking water can be thousands of times
the intake from inhalation, DHS has concluded that experimental studies were
not conclusive in determining the relationshfp of ingestion and various types
of cancer. Therefore, the relative intakes of asbestos fibers for inhalation
and ingestion should not be compared for risk assessment purposes.

1. Drinking Water Exposure

According to work done by Dr. Steven Hayward of the California Department
of Health Services (Hayward, 1984), 1gvels of asbestos in California drinking
water can vary from one to 260,000 MFL (million fibers per 1liter) observed in
a storage tank in the Klamath River Basin. In general, higher levels were
found after storms occurred in areas with asbestos-containing serpentine rock
formations. In the American River at Sacramento, from which drinking water is
drawn, concentrations varied from 53 to 5600 MFL, depending upon season and
recent storm history. In the California'Aqueduct, levels of 300 MFL have been

founa at the head, compared to 15,000 MFL found just south of Coalinga. These
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concentrations can be lowered through water treatment. However, a report done
by EPA's Health Effects Reséarch Laboratory in 1979, "Exposure to Asbestos
from Drinking Water in the United States” (600/1-79-028), states that in the
San Francisco Bay area, concentrations greater than 100 MFL have been found in
treated water systems. In San Francisco's Crystal Sbrings Reservoir, a
concentration 130 MFL has been found . These concentrations have been
attributed to erosion of naturally occurring serpentine deposits. In
contrast, Los Angeles water was found to contain less than 1 MFL. Another
source of asbestos in drinking water is from asbestos cement pipe; however,
there is insufficient information to estimate the amount of asbestos that is
contributed by the asbestos cement pipe. Table Il1I-6 summarizes the asbestos
concentrations found in California water systems.

2. Indoor Exposure

Table II1I-7 shows a summary of indoor asbestos exposure samples collected
in public and private schools and federal buildings. According to the feport,
"Indoor Pollutants", 1981, by the National Research Council's Committee on
Indoor Pollutants, friable sprayed asbestos insulation on structural surfaces
is the major source of airborné asbestos. Sprayed material has been applied
for building insulation and fire proofing. The EPA has now banned spray~on
application of asbestos-containing materials, except where the fibers are
encapsulated with a binder during spraying and are not friable after drying.

Some estimates are that over half the buildings in the United States
contain asbestos in a form that could give rise to indoor airborne exposures.
In these buildings, the sprayed asbestos material is friable and susceptible
to damage and disintegration by hand pressure. Most contamination from these
sources is dependent on human activity, by contact disruption, and by

re~entrainment of settled fibers. In addition, airborne exposure may resuit
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Table III~6

Asbestos Concentrations Found In California Water

Asbestos Concentrations

Treated Water (106_fibers/liter)
Los Angé]es 1

San Franciéco 100-130
Klamath River 260,000

Untreated Water

American River 53~5,600
California Aqueduct : ' 300~15,000
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Table III-7
Summary of Indoor Asbestos Samp1esl/

No. of Measured Congentration Equivalegt Cog7entration
Sampie Set Samples (ng/m=) (fibers/m3)2/ 3
Median 90th Percentile Median 90th Percentile

Air in U.S. school- 31 16.3 72.7 540 2,420
rooms without

asbestos

Air in U.S. build~ 28 7.9 19.1 _ 260 - 640

ings with cementi-
tious asbestos

Air in U.S. build- 54 19.2 96.2 _ 640 3,210
ings with friable
ashestos

Air in U.S. school~ 54 62.5 550 2,080 18,330
rooms with asbestos
surfaces

Air in U.S. schools 27 121.5 465 4,050 15,500
with damaged asbestos
surfacing materials

1/ Table adapted from Committee on Nonoccupational Health Risks of Asbestiform
Fibers, 1984. Page 220.
2/ Based on a conversion factor of 30 ug/m3 = 1 fiber/cm3.

3/ Equivalent phase contrast microscopy measurement.
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from breakdown of a hard asbestos surface such as vinyl-asbestos floor tiles
(Sebastien, et al., 1982). |

Dr. Steven Hayward also provided the information regarding indoor asbestos
exposures at four locations in the San Francisco Bay area (Hayward, May
1985). Measurements were provided in fibers per cubic meter and in nanograms
per cubic meter, as analyzed by transmission electron microscopy. Table III-8
shows the results of the indoor measurements taken at four locations.

3. Other Nonoccupational Exposure Routes

In 1977 the Consumer Product Safety Commission banned production of
patching compoun&s and artificial fire logs that contained asbestos. In a
series of regulations issued between 1972 and 1975, the Food and Drug
Administration banned the interstate commerce qf asbestos~containing garments
and disallowed the use of asbestos in food, food additives, drugs, and drug
components.r Manufacturers'have voluntarily curtailed fhe use of dsbestos in
other consumer products such as hair-dﬁyers.

Nonoccupational exposures attributable to. the use of manufactured asbestos
products have often been assumed to be relatively low, because almost ail

these products contain asbestos in a binding matrix, such as cement, plastic,

_rubber or resin. However, exposures can occur if fibers are liberated from

these hatrices (Committee on Nonoccupational Health Risks of Asbestiform
Fibers, 1984),

Exposures to asbestos may also result from tﬁe use of products made from
asbestos contaminated substances. An example is talc, which is widely used as
a pigment, extender, or processing éid in ceramic tile, paint, paper, and
plastics. In smaller quantities talc is used as a component of cosmetic
powders, foods, drugs, pesticides, and many other products (Committee on

Nonoccupational Health Risks of Asbestiform Fibers, 1984).
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Table III-8

Indoor -Asbestos Measurements Taken in a
California Building and Three_Homes

Location Fibers/m3 Nanograms/m3 Description
DHS Laboratory1/ 34,000 .06 Day one

Room 1 2,600 .003 Day two
DHS Laboratoryl/ 18,000 .02 Day one

Room 2 93,000 2.5 "Day two

{after maintenance
activity above

ceiling)
Menlo Park HomeZ/  <11,000 ~— " No fibers detected
{asbestos ductwork) '
Berkeley Home3/ 6,000 .14 Indoor-smali fibers
(front of heat © 63 1.1 Indoor-large fibers

register)

Corte Madera Homed/

(before asbestos 56,000 ‘ .3 All fiber sizes
paper removal)

(after asbestos 32,000 2.1 Indoor-small fibers
paper removal) 4,000 29 Indoor~large fibers

1/ Asbestos had been sprayed on girders above the ceiling.

2/ The ductwork was made of asbestos paper.

3/ The ventilation system ductwork was made of metal but was lined inside and
out with asbestos paper.

4/ The ventilation system ductwork was made of metal but was lined on the

outside with asbastos paper.
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Appendix A

Department of Health Services
Health Effect Evaluation Request



Statz of California

s

N

Memorandum

To

* Stanley Cubanski, Acting Director Date : February 19, 12835
Department of Health Services
714 P Street
Sacranento, CA ¢©5814

- Subject: Evaluation of
Asbestos

:'/‘\.

I am writ 1ng to formally request tha* the Department
evaluate the health effects of asbestos (e.g., aculnollte,
amosite, anthocnyllzte. chrysotile, crocidolite znd tremolite) zs
a candidate tcxic air contaminant in accordance with Assembly
Bill 1807 (Tanner). According to Health and Scfety Code Sections
39660-62, your Department has ninety days to submit a2 written

- evaluation and recommendations on health effects of asbestos to
the Air Resources Board. If required, your Department may
reguest a thirty-cay extension of the deadline.

, ytzached fcr your staff's consideration in evaluating
asbhestos are: .

ttacament I -~ A list of references con zsbestcs hezlth
efiects which were identified in an 2ir Resources Bozard

letter ¢f public inguiry and receives in zesponse to
the incuiry letter:.

Attechment II- - Suggested issues which should be.

considered in preparing the health eZfects document on
asbestcs £ibers;

Attachment III -~ Ambien:t azsbestos coacentration data

wnich should be used to estimate the range of risk to
California residents as reguired in Health and Safety
Code Secticn 39660(c), sources of asbhestos emissions

and emission trends; and

Attachzent IV - Descriptions of the sampling and
analytical methods used to determine the ambient
asbestos concentrations.

My staff is available for consultation in conducting

this health effects evaluation. ¥We look forward to continuing to -

work closely with you and your staff in carrying out this



Stanley Cubanski, Acting birector -2

legislative mandate. If you have any further questions regarding
this matter, please contact me at 4£45-4383 or have your staff
contact Peter D. Venturini, Chief of the Stationary Source
Division, at 445-0650.

Attachments

cc: Gordon Duffy
Alex Kelter, DHS w/attachments
Raymond Neutra, DHS w/attachments
Emil Mrak, Chairman and Scientific

Review Pznel Members w/attachrments

Peter D. Venturini, ARB
John Holmes, ARB
Assemblywoman Sally Tanner )
Senator Ralph Dills
Senator Art Torres
Claire Berryhill, DFA
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Attachment 1

ASBESTDS REFERENCES (11/9/84)

Acheson E D , Bennett., C., Gardner. M J. and Winter, P. D (1981) Magssthelioms inm
2 factory using amosite and chrysotile asbestos. Lanest 2(B240-81):28D3-140% .

Acheson, E D. and Gardner, M. J. (1980) Possible synergism between chrysotile and
ipphibole asbestos (Letter; Lancet. 1(8170):706.

Aeheson, E. D and Gardner, M. J. (1981) Dose-response relations from epidemiological
studies. Proc R Soc London, (Ser.) A. 376(1764):79-8S5 .

Acheson, E. D., Gardner, M. J.. Pippard, E. €. and Grime, L. P. (1982) Mortality of
two groupe of women who manufactursed g23s masks from chrysot:le ang croeidolite
astestos a 40-year follow-up. Br J Ind Med. 39(4): 344-348.

Acheson, E. D , Gardner, M. J., Winter, P. D. and Bennétt, . (1984) Cancer :n a
factory using amosite asbastas. Int J Epidemiol. 12(1):3-10.

Aisner, J. and Wiernik, P. H.

(1981) Asbestos-related neoplasm Sewmin Oncol. §(3):24a1
292 ' '

Archer, V. E. (197%) Carcinogenicity of fibers and films: a theory. Med Hvpotheses.
S{11):1257-1242. ' '

Archer, V. E. ana Rom, W. N. (1983) Trends in mortality of diffuse malignant
mesothelioma of pleura (Letter). Lancet. 2(8341):112-113.

Armstrong, B. K. et al (1984) Epidemiology of malignant mesothelioma in Western
Australia. Med J Aust. 141(2):86-88.
Artvinli. M. and Baris, Y. 1. (1982) Environmental fiber-induced pleuto—?ulnonary

diseases in an Anatolian village: am epidemiologie study. Arch Environ Health,
ITE3Y 177188

Artvinli, M. and Baris, Y 1. (1982) Environmental fiber

di1seases in an anatolian Turkey village-an epidemiologie
2743 7T-181

induced pleurs pulimonazy _
studvy. Arch Bnviron Hezith -

Azzl. K 3. and Holt, P. F. (19380 Clearance of asbestos bodies from the lung: 3
personal view Br J Ind Med 37(3):273-277.
Barcy, B.'E. et al 19837 Reaction of rat Iungs to inhaled chrysotile asbastos
following acute andsubchronic exposures ©Exp Lung Res. §(1):1-22.

Bézk, B.. Xonetzke, . W. and Strum, W (198%) Asbestos and mesothelioma 1n aags:
Germany. Arch Immunoel Ther Exp 30(53-4):229-2234. ’

Beck, E. €. 719809 Experimental pathology-in vitro studies-related to asbactes and
other mineral fibers. IARC Seci Publ 1030):385-400

{1982 Expasure to asbestos and human disease {editorial). N Engl J
Med. 264(24):1480-1452

Becklake, M. R. (1%82) Asbestos-related diseases of the lungs and plenrz: current

iinical issues. Am Rev Respir Dis. 126(2):187-194.
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Berry, G.

material

Bignon.

Bignon,

et al (1981) Early lung avents following low-dose asbestos exposure.

Res 261(2)

J et al.

392-401 .

and Newhouse, M.- L.
using asbestos

(1983) Mortality of workers manufilcturing friction

Br J Ind Med 40

(12:1-7 ...

(1979) Human and Ezperimental Data on Translocation of Asbestics
Fibers through the Respiratory System. NY Academy of Science 745-50

J and Jaurand. M ¢

(19B3) Biological in vitro and in vive responses of
chrysetile verse amphiboles. Environ Health Perspect 51:72-80.

Bict, W. J et al. (1980/Septamber 1980) Lung and Laryngeal Caqcers in Relation to
Shipyard Employment in Coastal Virginia.

Bolten,
Occup Hy

Bolton.
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Boman, &
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pleura:

JNCI. 4§3(3):571-5.

R. E. et al (1982) Variations in the carcinogenicity of mineral fibers. Ann
g 246(1-4) .549-582

R.E. et al

g Z6 (1-4):569-582.

at al

: M, Mark,
2ight new cases and review

(1982) Variations in the carcinogenicity of mineral fibers. Ann

(1982) Malignant mesethelioma in Turkish immigrant res:ding in
Sweden. Scand J Work Environ Health. B(2):108-112

47¢117:2678-2689.

Erody, A

Erown, R.

E.J.

R. and Hill,
inhaled chrysotile asbestos

C., Poole,

A.

L. H.

Chest.

B80¢1

and Dickersin, G. R. (1981) Selitary fibrous tumors of the
of 360 cases in the literature. Cancer

(1981} Deposition pattern and clearance pathways of

Suppl):44-47.

and Fleming GTA (1983) The influence of 2sbestos dust onthe

encogenic tranformation of C-3H-10T-1-2 cells. Cancer Lett. 18¢2):221-228,

Srowne,

Browne,
istestos

Browne

B OowWnRe,

lasey, C.

K. (19837 The epidemiology of mesothelioma. J Gccup Med. 33(4; 190-194.

K. (1983) Asbestos-related mesothelioma: epidemiological evidence for

&as 3 promotor.

K. and Goffe,

Arch Environ Health. 38(5) :261-246.

T (19847 Mesothel:ioma due to domestic exposure t¢ asbestos
{Letter). Br Med J (Clin Res} 289¢6437):110-111. ’

K. and Smither. W.

J

(19813) Asbestos—felated mesothel:oma: faatsrs
discriminating betwesn pleural and peritoneal sites. Br J Ind Med. 40(2) 145-152.

figroblasts and lymphoblastoid cells
s 114673-43 349-377.

Mutat Re

Chovil,
2¢8147;

Churg, &
Bodises,

Churg, &
dicseasze.

A. and Stewart, C.

853

M. and Warnock, M.

8xpo

(1983) Stister-chromatid exchange and cell! Xinetiecs in CHO-X1 cells, human

sed 1n vitro to asbestos and glass fiber.

€1979) Latency period for mesothelioma (Letter) Lancet
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(198i/Ma:ch 1981) Asbestos and Other Ferrugnous

Their Formaticn and Ciinical Significance. Am J Pathol . 102{(3;.447-54.

and Golden,
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Annu.

J. (1982) Current probiems in the pathology og asbestos-relatasd
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- e
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Enterline, P. E (198}1) Proportion of cancer dua to exposure to asbestos.
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Tindley, M. E. ot a3l (1983) An assessment of the Environmental Protection Agencys
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Finklestein, M. W (17833 Mortaiity ameng long-term employees of an Ontario asbes:
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A'ﬂ ASBESTOS INFORMATION ASSOCIATION

NORTH AMERICA

1745 Jefterson Dawis Highway. Crystai Square 4, Suite ‘509
Arlington, Virginia 22202 & (703) 879-1150

January 17, 1985

William V. Loscutoff, Chief

Toxic Pollutants Branch

‘Re: Asbestos

California Air Resources Board

P.O. Box 2815 )
Sacramento, CA 95812 : g

Dear Mr. loscutoff:

I am writing in response t0 the Air Resources Board's request
for information regarding asbestos. I have had the opportunity
to review the ARB's bibliography and to discuss the program
with Mr. John Batchelder. The greatest omission in the ARB's
bibliography appears to be in not listing a number-of large,
overview studies of asbestos which are valuable for their scope
and for the many individual references assembled in them. I

would, therefore, recommend that the ARB collect and consider
the followxng studies: o

Acheson, E.D., Gardner, M.J. (1983) Asbestos. The Con-

trol Limit for Asbestos. Her Majesty's Stationery Office,
London.

British Advisory Committee. (1979) Asbestos. (The Simpson
Report). Her Majesty's Stationery Office, London.

CPSC. (1983) Chronic Hazard Advisory Panel on Asbestos.

U.S. Consumer Product Safety Commission, Directorate for
Health Sciences.

Report of the Royal Commission on Matters of Health and
Safety Arising from the Use of Asbestos in Ontario. (1984).

On the issue of ingestion of asbestos, there is a recent aninmal
bicassay from the Nat;onal Toxicology Program:

NTP. (1983) Lifetime carcinogenesis studies of amosite

asbestos in Syrian golden hamsters. NIH publlcatlon
number 84-2505. -
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I am also enclosing a copy of the EPA's response from the December
19, 1984 Federal Register regarding the use of asbestos in brakes.
Mr. Batchelder noted that this is one area which may be a concern
of the ARB.

Finally, I am enclosing a copy of a paper by Wagner and Elmes en-—

- titled "The Mineral Fibre Problem.” As the use of asbestos de-~
clines, the use of other fibrous materials increases. The Wagner
and Elmes paper cautions, on the basis of animal and human evidence,
against the indiscriminant and uncontrolled use of these fibrous
materials. The purpose of sending this paper is to make the point
to the ARB that these fibrous materials constitute an area of in-
vestigation which has received scant attention, as oppossed to
asbestos, which has been very thoroughly studied and regulated.

Yet another survey study of asbestos, as is presently contemplated
by the ARB, has a certain aura of "reinventing the wheel" about it,
whereas, with the exception of the Danish government, there has not

been a regulatory body which has addressed the issue of fibers
generally.

I would appreciate being kept informed of the progress of this
project of the ARB, and if there is a mailing list established,
please include my name on it. If I may be of any assistance,
Please feel free to contact me.

Vefy truly vyours,

A

Government Affairs Counci
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16; TSH-FRL 27284
Response to Citizens’

wironmental Protection
"AL
‘sponse to Citizens’ Petition.

The Environmental Protection
PA) Is granting a petition filed
jon 21 of the Toxde - -~ -
s Contral Act {TSCA) by the
asources Defense Council. Ine.,
1 the use of asbestos in - .
. and truck brakes, EPA has -
ad an appropriate proceeding
s the risks which may be posed
eaf asbestos. « . - .
>mit written comments on or
arch 18,1985, i+ '
: Subniit written comments in
identified by the document
umber {OPTS-211015) to: TSCA
formation Office (TS-783)
Toxic Substances, © =
nental Protection Agency, Rm.
71 M. St., SW, Washington, D.C.

y of the petition-and related - =

Hon {with any confidential -

3 information deleted) is located
n E-107, Eavironmental ©

on Agency, 401 M st,sw., -
gton, DC 20480, "~ © . T
neterial is available for viewing
»ying from 8 a.m. to 4 pa.

y through Friday, excluding legal
v'. - .
RTHER INFORMATION CONTACT: -
1 A. Klein. Director, TSCA « .-
ince Office (TS-799), Office of -
Substancss, Environmental -
\ion Agency. Rm. E-543, 401 M 5L,
Vashington. D.C. 20460, Toll-free:

MS). ” R S
shington. D.C.: (554-1404), * -
l;: the USA: {Operator—-202~-554-
EHmAﬂY INFORMATION'
>duction - R
tion 21 of the Toxic Substances .
ol Act (TSCA), 15.US.C. 2620.. . .
jes that any person may petition
dministrator of EPA o initiate & . |
eding for the issuance, '
dment. or repeal of a rule under’
us sections of the Act. EPA may -
a public hearing or may conduct an
>p{ investigation to determine
her-wie petition should be granted.
must either grant or depy the, _ * .
jon within 90 days. If EPA grants, .
setition, EPA shall promptly
mence an appropriate proceeding. If,
_denies the petition, the reasons for

-

.al must be published in the Federal -

ister, and the petitioner may

commenoe & civil actionina district
court of the United States to compel
EPA to Initiate & rulemaking proceeding
as roquested in the petition. Any such
civil sction must be filed within 60 days
after EPA's denial of the patition ot i
EPA {ails 1o grant ot deny the petition
within 90 days after the petition s filed,
within 60 days following expiration of
the 80-day response period. . -+

1L Evaluation of tha Petiion” "1
A Introduction. 3% Lei-

M M L I A Y T M .. . .

On Seplember 12 1064, EPA recaived
» petition from the Natural Resources,
Defense Council, Inc. (NRDG3, - - .
requesting that EPA prohibit the further
use of asbestos tn automobfle snd truek
brakes under section 8 of TSCA. The
petition requested & rohibitionof
asbestos in both brakes for new cans
and trucks and In replacement brakes
{or existing vehicles. The petition argued
that the risks posed by ashestos in
brakes are unreasonable and that. . .
aconomically and technically {easfble
substitutes are avaflable, -+~ = -

- In order to promulgate any rules under
TSCA section & the Agency. must
consider 3 number of factors: i
among othér things, the effects ofa .
chemical substance on human Yealth
and the magnitude of exposire; the
benefits of utilizing the substance: and
the availability of substitutes for the use
or uses of the subatance being assessed.
15 U.5.C. 2605(c){(1). The Agen?.hn o
coriducted a review of the available
information pertaining to the dse of”
asbestos in brakes, including the
informetion in NRDC's petition. A"~
summary of that review, including an
evsluation of the risks posed by this use
and the svailability of substitutes. s
presented below. - . .

B. Risk Presented by Asbestos . -
Asbestos Is 8 demonstrated buman
carcinogen tbat causes lung cancer and
mesothelioma {a cancer of the chest and
abdominel lifings). as well as other lung

disorders. People are exposedto . .

asbestos throughout the life cycle of the

substance—wben asbestos is mined,
milled, bméeuek!abgioated into ..~
industrial and consumer produdts, and _
when thosé products are used, repaired.
and dispo_seﬁ_gf_. S e el
‘With regard to the ute of-asbestor in
brakes, it has been estimated that sbout
2,750 people are potentially exposed .
during prithary manufacturing of brake .

friction materials, and that aboyt $50.000 - -

pecple are potentially exposed o . -
asbestop during servicing and repeirof .
vehicle brakes {Ref, 8]. For example, -
persons in brake service and repaif ;..
shops typically are exposed 1o ashesios
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whea dust s blows owt of braks drums
being repluced. when brake Nolngs are
roughened to increase fric tion
properties. and when brale shoes are
relined
Use of ssbestos {a vehice brakes way

also result in increased asbesios Bbor
concentrations in the ambient ale. Por
exunfla. EPA has evidence thal motor
vehicle braking most Hkaly

between 0.23 to 1.3 c:gcant of G
concentration of asbestos in the ambicnt
air (Rel. 7). Both general popmiation and
workplace exposures to ssbestos Bbers
trom its ose in brakes may result in 30
increased number of nbettpl-rd:u!
Ullnesses. including canker. © N

C. Aveoilability of Substitutes . .

The petitioner asserts that - -
economically and technically feasible

. substitutes, most prominently

semimetallic friction materials and -
arammid fibers. are available toreplace
asbestos in brakes. EPA has saalysed
the avallability of sobstitutes for rmny
asbestos products, including brakes, and
that anaelysis is summarized
Appendix A of the “Reguiaiory Impact
Analysis of Conlrols on Asbestos -
Products” (Rel. 2}, which is included &
me"ﬁam-nmm
NRDC's section 21 petition. EPA
acknowledges that new substitutes for
asbestos use irr bhrakes are being
developed and that EPA’s -
{(summarized below) may aok
recent developmenis. -

1. Heavy vehicle brake blocks. Brake

* blocks are components of brakes thal

are riveted or bolied to the insides of
brake shoes to provide protection
sgainst the beat and wear caunsed by
bhraking. Heavy vehicle hrake
used on beavy duty trucks, buses. and
other heavy duty vehicles.-About 34
percent of all asbestos used in brakes is
in this category of nse. Asbeston hesvy
vehicle brake blocks account for about
- ¢a percent of the market for Resvy
vehicle Yrake blocks. - e .
. Until recently, the only ésmmercially
avallable substitute for asbestos heavy
vehicle brake blocks was @ semimetallic
brake block using brass g zinc chips
in an organic binder. B s ot considered

as good as asbestos because it performs

arratically at different temperatuares. Ris -
also considered inferior to e asbestos
brake block in resisting wear and :
minimizing brake {ade. Recently. atamic
fiber products, such as Keviar, have
been mtroduced, but aramid fiver
products are now more expensive than
asbestos producis, and there fs not -
sufficiant evidence 1o defermine

. whether aramid fber produets willbe 2 -

effective as asbestos in thiswpplication
Information suggests that such product
way ast longer than asbestos-based



woducie. but verification nf iy - - -
aormation as well as information ee
rice snd efficacy of the products are
weded belore EPA can determle
shether continued use of asbestos in
sahe block s prasents an unreasonsble

ish. -
2. Light ond medium vohicle drum - .
Whﬁm Dm-nbnhllnlgaln
sade of Ficlion mwierials whidh cover -
arved metal shoes in & drum braks.

hbouﬂ: o dllu:uhsudh.
rakes s cxiegory of sse. Light

M-bahhhahﬂp-q

restillasbestos. -. . . .
Until recently the only subatitutes for
s!ieatubuh which appeared
b have any polential were semimetaliic
wake Hnl:r. However, these Edm :
end to pe or?zam erend
emperstures, fa uce more
ecently, brake Bnings made R
ramid Gber have been developed. °
Jowever, these are mors expensive
han the asbestos product and s
1ot turrently enough fnformation . .
wailable to the performance of
rramid fiber brake Purthermore,
PA’s evidence indicates that large
e3 mey sy retoo)
1y brake mammfacturers. Therefore,
ramid fiber brakes may not be
wailable in substantial quantitites for * -
everalyesrs. .- - T - -l
)!t bnhepcd; ?:dphulndu
sc are ‘
vith fricion materiak which rub & t
1 rotoe. Heavy vehicles rarely wee dise
,:::e;hnh:ol:h ﬁhmt‘d .
) of mee.
Semimetall -

ibout 20 percent mare expensive thea
hetnmms diac brake p-d:‘?;tq
ast about 30 percent longer. .
remimetallica disc brake pads are not.
onsidered to be good ¢
eplaceinents for asbestos disc brake
sads for heavy vebicles becanse
bestos only in hocmhh“l;;-‘g;:ﬁ |
i { e, onn, -

enis.
'S t and medfam velick disc - -
I&ﬁann! ve 7

ke poch Fe e e

ne vy 3. except
hey are smaller. About 20 percent of
13bestos used fn brakes is in thie- ~ -
ategory of nse. In the dlic brake =~ - -
narket semimetallic brakes have .
tireedy made larger inroads. and as in
be drusm brake linings market, aramid- -
3aeed brakes are Jost beginning fo be.
ntroduced. Approximately S0 percent of

diecs Brakes dn the originat squipment
market are ashedios and 30 percent are
semimetsliic In the eeplacement brades
sfirt.market-approximately 70 percent
of disc birakes ate ashestos and 30
pereent are semimetailic,

Scmimetsilic disc beakes cost -
approximately 3 times as much as the
asbestion disc brake pads. but they last
about 40 parcent ionges thaa the -
asbestos pade. Semimetallic diec druke

un&ot subatitute for uha:lﬂ disc

peds In gvery applicafies use
of inferior performance charactadlatica
EPA bas information indl that
semimetallic disc brakes should be usad
only is cars with power brake systems
:euuu o “the semimetailic
powaer. EPA also hai Information that _
the semimetallic brakes ars alightly
inferior because the user has to push
harder on themn before they are warmed
up 1o get the same performance as with
asbestosbrakes, = . _ .,

EPA is aware that a good deafof *
product research is being done te +
develup effective solistitutes e .-« -
ntsit;iam inbrakes. EPA In u:hn -+ foc
additional information an sohaGhetes
asbestosinbrakes.: . . --. - ..

EPA hes decided to'grant NRDC's
petition becuase the Agency believes
that the use of asbestos in brakes does
present zrisks to buman lxa_ﬂ;.:!’h is_
initiating & proceeding 1o ga
information oa the desirability and
feasibility of reducing risks associated
wilt}: the use g:abentos inﬁ::ku. E;;\
will analyzs the expoaure i uses
asbestos, the risk ppr:':eated by those
uses. and the sobstftutes for such uses.
EPA will also g-!!;er hﬂmﬂh;d the
price. eflicacy, and avaitabdfty
substiteten for asbesior in brakes. Aftor
analysis of this informa tion, EPA will
determine what further sction s -
appeopriate to address tee risks which
may be posed by this uss of asbestos.
‘.lned on {nformation mhndb mh‘

te, EPA Is oot prepared m
wnreasonshle ﬂl: finding for an -
immediste ban of all uses of asbestos in
brakies af this time. Effective substitutes
may nol be aveilabln for certain” .
applications of asbeatos i trakes and
l'ubsmnlz?.fnr slber applications are not -
available in sufficient quantity becawne
of limited production capacity. Retooling-
may be required to make substitules -
avsilable in large volomes. - ... ..

The Agency invitas the publicto
submit comments op {ssues relafing to -
the petition. EPA Ja
interested in receiving information an
bath the current availability of
substitutes {or asbestos In esand -
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on ncw!ou&nmuio producty 11_}:.1 A.;. .
currently eveloped. ency
has an ongo(‘:: wotkgroup, which will
review these commants. will continue 10

Invastigete the IVMIL:{ olfectivg
asbostos-frea substitutes for wsejn |
vehicle brakes.andconsides ¢+ 1

appropriats options te address the zisk
pre::l‘:td by asbetios i brakes, -
IV.Record = - - C
EPA has established 5 vecord for
information rel o the NRDC
lnfor?ndon n;.;-ﬂnd b’gA B of
developing this response and consists
the following categaries aof information:
(1) The NRDC .

.. {2] Appendix A of the “*Regulatory
s On '

Impact Analysis of Contro}
Asbestos Producta™

(3} Other information on substitutes °
for asbestos In brakes. - )

(tl’ll) Information zo:ln:“ from the
ublic co i on. ° .
? 5] Memownnd: m‘)e rizing meetings
and-telephone conversations with the

public concerning the petition.

{¢) Appendix ] of the “Regulatory
impact Analysis of Controls on
Ay Appendtent o the “Regul

ppen ' atory .
Impact Analysis of Controls on
Asbestos Products™

A public version of the record,

" without any confidential business -

informatian, is availabls o the public in

the Office of Toxic Substances Public

Information Office, from 8 a.m. 1o 4 p.m.,

Monday through Friday, except legal

bolidays. The Public Information Office

ia located in Rm. E-107, 401 M St., SW_,

Washington, D.C. -
Dated: Decamber 14, 1984

William D. Ruckelsheus,

Administrator.

FR Doc. $4~33120 Filed 12-17-8& 1:34 pan}
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1. The mineral fibre problem-
J.C.Wogner P.C.Elmes

For many years interest in the biological effect of mineral fibres was mainly confined
10 the commercial types of asbestos. Recently many other fibrous minerals have been
recognised as potentially dangerous pollutants of the environment. The majority of
these materials are naturally occurring, others are synthetic. The patural fibres are
cither specifically exploited for commercial purposes or else occur as armospheric
contaminants which are released during mining or tunnelling operations. Industry has
been developing other mineral fibres as 2 substitute for asbestos to meet an increasing
need for cheap and reliable materials for reinforcement, fricton products and
insulation. The latter demand has been emphasised by the present fossil fuel crisis.
Minerals being exploited for a variety of purposes other than insulation and
reinforcement are known to consist of fibres or clongated crystals, for example, some

. clays and some 2zeolites. Thus, these minerals can be considered under the following

groups:
2. Of commercial value
b. As potential environmental contaminants
2. Synthetic mineral fibres
3. Other naturally occurring fibrous minerals - - --

ASBESTOQS

Asbestos of commercial value ,
Pracdcally all the knowiedge that is available aboutr hazards associated with the
inhalgtion of fibrous mineral dusts has besn obtained in studies of asbestos. Asbestos
consists of six naturally occurring minerals: chrysotile, crocidolite, amosite, anthoph-
yllite, tremolite and actinolite. Chrysotile is 2 member of 2 group of minerals referred
to as the serpentines and is composed almost exclusively of magnesium in combina-
tion with silica. It has a sheet structure which curls to produce hollow tube-like fibres.
The other five are members of one mineralogical group referred to as the amphiboles.
Theymverysimﬂuincysulmm,bdngchzinsiﬁats,buttheyvaryin
chemical composition. Crocidolite and amosite are iron-rich varieties, anthophyllite is
2 magnesium rich mineral, while wemolite and actinolite contain 2 large amount of
calcium together with magnesjum., )

The annual world production of asbestos in 1976 was § x 10° kg, of which 97 per
cent was chrysotile and the remainder crocidolite and amosite. The commerdial
production of the other three amphiboles has been on 2 small scale in the past, but
they are important as contaminants of other minerals and agricultural soil.

Chrysotile is widely distributed, with the largest production from the Ural

!
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THE MINERAL FIBRE PROBLEM 3

With the development of more sophisticated techniques it is now obvious that 2
correct estimation of the number of fibres in tssue or environmental samples can only
be obtained by examination under 2 transmission electron microscope, otherwise the
large number of fibres of less than 0.5 um in diameter will not be observed. The
crucial question of the amount, size and type of fibre found in gssue which can be
related to the diseases which will be described later, cannot be stated with confidence
ar this stage. In macerated specimens of dried lung 10¢ fibres per gramme can be
found without evidence of disease; in cases of asbestosis the count is usually over 108.

With a2 light microscope seldom less than 250 000 fibres per gramme lang tissue are
found in cases of asbestosis.

2. PLEURAL PLAQUES AND DIFFUSE PLEURAL FIBROSIS

The presence of circumscribed areas of fibrous thickening below the mesothelium on
the lower portion of the chest wall, over the diaphragm or on the pericardium are
characreristic of exposure to fibrous mineral dusts. These plagues may be extensive,
are leaf-shaped, often bilateral and have an irregular embossed surface. They consist
of woven collagen fibres and as they marure become acellular and avascular. This
avascularity leads to necrosis and sometimes to the gradual deposition of calcium in
the lesions (Meurman, 1966). It can take 20 years or more for sufficient calcium to be
deposited for the plaques to become radio-opaque and visible on chest radiography.
Therefore, the plaques are seen much more frequently by the pathologists at necropsy
than by the radiologist. In some cases there is generalised pleural fbrosis, leaving the
lungs en cuirasse compietely sheathed in a thick layer of fibrous tssue. Unlike

plaques, generalised pleural thxckmmg can restrict the expansion of the lungs and
cause breathlessness.

3. ASBESTOSIS

Asbestosis is a slowly progressive and persistent interstidal fibrosis of the lung
associated with the inhalation of asbestos dust and characterised by asbestos bodies
and fibres in large numbers in the dssue. If sufficient dust h2s been remined, the
individual lesions in the alveoli join up until the individual acini become linked in 2
fibrous mesh, the process starting at the base of the lung and gradually spreading
upwards. This process is fairly well established before there is recognidon on
radiological or by physiological examination, the latter often being obscured by the
effects of cigarette smoking. If exposure has been sufficient the disease will progress
after the worker has left the industry (Becklake et al, 1979).

4. CANCER OF THE LUNG

Carcinoma of the bronchus is 2 frequent cause of death among workers with
radiological evidence of asbestosis (Liddell and McDonald, 1980). The risk of 2
cigarette smoking worker heavily exposed to asbestos developing lung cancer is 25 to
50 dmes greater than an age matched non-smoker who has not worked with asbestos
(see J. C. McDonald, 1980). Inidally the carcinomas reported in the asbestos workers
were peripherally situated, with adenocarcinomas being the most common (Bucha-
nan, 1965). With the increase in cigarette smoking, all types of endobronchial
tumours are being seen, but the aumber of adenocarcinomas is stll more frequent
than in non-exposed cigarette smokers (Kannerstein and Churg, 1972).
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of fibre; apart from mining aress, pure exposure is rare. South African experiénce
with crocidolite has been repeated on a smaller scale-at Wintenoom in Western
Australia, where mesotheliomas have occurred, both in those employed in the mines
and in the environmentally exposed population (Hobbs et al, 1980). Nothing
comparable has been reported for chrysotile, amosite or anthopyilite mining. The gas
mask workers investigated by Jones et al (1976) and some of those by McDonald and
McDonald (1972) appearsd to have had a pure exposure. Pooley’s analysis of the
lungs of the Nottingham cases also showed significant amounts of chrysotile, but not
more than is found in autopsy material generally. The technique developed by Pooley
(1975) for the identification of asbestos and other mineral fibres in lung tissue is the
most useful method available for identifying individual exposures and the complexiry
of the situation gives emphasis t0 the need for the parallel examination of appropriate
controls. The comparisons made between the fibres in the lungs of the mesothelioma
cases and controls in Britain by Jones et al (1980) when compared with those obtained
by A. D. McDonald (1980) in the United States and Cafada has shown thar
chrysotile fibres. are found in considera:.s quantity equally in cases and controls. In
Britain, crocidolite and to 2 lesser exten: amosite were associated with mesothelioma,
whereas in the USA it was predominantly amosite and less often crocidolite. Selikoff
et al (1972) found a considerable excess of mesotheliomas in factory workers exposed
to amosite but has not reported on the fibre content of their lungs. The Advisory
Committee to the Secretary of State for Employment (Health and Safety Commission,
1979) concluded that in the causation of mesotheliomas, crocidolite was more
dangerous than chrysotle but that amosite might be intermediate between the two.

Experimental evidence has complicated the situation by showing that many types of
mineral fibre can cause mesothelioma. This evidence has come in the main from
intrapleural implantation studies which were initiated by Wagner (1962) and conti-
nued in collaboration with Stanton and Wrench (1972); Pott et al (1972) undertook
similar intraperitoneal investigations. This work has indicated that the size of the
fibres was more important than their nature. .

IMPORTANCE OF FIBRE SIZE _ '
The significance of the physical characteristics of fibres in explaining the biological
effects of asbestos was first emphasised by Timbrell (1965). He demonstrated that
diameter was the most important factor in determining whether a fibre would be
inhaled. The finer the fibre the more easily would it reach the lung parenchyma.
Later, Timbrell et al (1970) showed that this could be applied to the amphiboles and
that the uitimate diameter of crocidolite was less than that of amosite. Although the
individual fibres of chrysotile have a diameter less than that of crocidolite, they occur
in 2 woven coil formation, the total diameter of which affects its aerodynamic
behaviour. Thus chrysotile behaves as a coarse fibre and finds difficulty in reaching
the pleural surfaces through the peripheral airways. However, chrysotile fibres in
3queous solution can divide longitudinally into fibrils which under some circum-
stances are swraight and have similar properties to very fine amphiboles. The typical
electron microscopic appearance of asbestos fibres is shown in Figure 1.1.
Calculations and experiments with casts of the lower respiratory tract showed thar

- fibres up to0 3.0 um in diameter would reach the respiratory bronchioles. The length

of fibres most likely to cause fibrosis would appear to be greater than 10 um (Timbrell
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At this stage we must assume that all mineral fibres of similar size range are
potentially hazardous to man, whether of asbestos or other type.

Asbestos minerals as potential eavironmental contaminants
Under this heading the following situations will be considered:
1. asbestiforin minerals contaminating banded ironstone
2. tremolite gs 3 contaminant of other mineral deposits
3. possible contamination of agricultural soil.

Asbestiform minerals contaminating banded ironsione

Although it has been known for many years that banded ironstone deposits frequently
contain small seams of fibrous silicates, occasionally the fibrous deposits are large,
and may then be the source of amphibole asbestos as exploited in South Africa and
Australia. Other deposits occur which are of no commercial value, for exampie, there
are the taconite fibres in the Mesabi Range on the shores of Lake Superior. Although
it has been shown that iron ore mining in this region is causing both contamination of
the atmosphere and the water of the lake, no evidence of a hazard to man has been
established. All the fbres arc below 5.0 g in length. In a large South Dakora gold
mine the ore-bearing rock was cummingtonite — grunerite (2 close reladon of
amosite) and some fibres were found in the dust. It was suggested that these fibres
were associated with an increased incidence of carcinoma of the lung, but these
findings were not confirmed by the investigations of McDonald et al (1978).
Nevertheless, the possibility that hazardous fibres may sometimes be released from
iron deposirs in the vicinity of amphibole mines remains. : '

Tremolite as @ contamingnt of other mineral deposis

The fibre dimensions of remolite vary even more between deposits than the other
amphiboles. A coarse flake-lke tremolite occurs as a contaminant of talc in California;
this material does not cause tumours when implanted inmrapleurally in rats, and there
is no published evidence of disease among the miners. A coarse fibrous tremolite is
found as a contaminant of the chrysotile deposits in Quebec Province in Canada. This
fibre has been found in the lungs of miners and millers from these mines (Poaley,
1976); whether it plays any part in the etiology of picural plaques and puimonary
fibrosis is still uncertain. In the talc mines in the porthern part of New York State
there is contamination by 2 finer fibrous tremolite, and 2 few mesotheliomas and
carcinomas of the lung have been reported among the miners (Kleinfeld et al, 1967).
Practically pure tremolite of 3 coarser rype has been used in Eastern Turkey for
stuccoing houses. Yaziciogha (1976) found 2 significant incidence of pleural plaques
among the inhsbitants. Tremolite with very fine long fibres has been mined in South
Korea {see Fig. 1.1); this fibre has been shown to produce 2 high incidence of
mesotheliomas in experimental animais. We have been informed that the mining
operations have now been suspended because of suspected cancer among the workers.

Possible contamination of agricultural soil

A further source of fibrous mineral exposure only recently appreciated, may prove of
consequence. Evidance is sall fragmentary, and the only confirmed situation is in
Bulgaria, where Burilkov and Michailova (1970; 1972) found pleural plaques in
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ROCK WOOL

Fig. 1.2 Electron micrographs of syntheric
vitreous fibres

GLASS FIBRE (CODE 100)

—
10 um

pamcularly on factory floors, and occasxonally for agricuitural and phzrmaccuucal
purposes. Information is scanty concerning the size and shape which particles of these
fibrous minerals assume under a range of potentally relevant natural and artificial
condmons, nor is much yet known about their biological actmty in various in vitro

. Animal experiments have been recently inidated in which sspiolite and
mapu.lgue fibres are inhaled or implanted intrapleurally; the results will not be
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To date, synthetic substitutes for asbestos (the man-made vitreous and ceramic
fibres) do not appear to have caused lung fibrosis, lung cancer or mesotheliomz in
man. However, animal experiments indicate that it would be unwise to create
materials which include fibres smaller than 0.5 um in diameter if the risk of
mesothelioma is to be avoided.

Experimental work suggests that both synthetic and natural pon-asbestos minesal
ﬁbresoflasthanO.S;zmindiametcfandgratcrthanS;minkngthmaybe
hazardous. Some fibrous clays have aiready been shown to cuse mesothelioma
experimentally while epidemiological cvidence suggests that fibrous erionite may well
have been responsible for a very high incidence of mesotheliomas in man.

Q:angcsinindusu-yandcommer:cmladingtohumanaxposurcfmmavaﬁetyo{
natural and synthetic mineral fibres. Further research is urgently needed to avoid
replacing the hazard of asbestos with others as serious.
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DEPARTMENT OF THE ARMY
U.S. ARNY ENVIRONMENTAL HYGIENE AGENCY
ABERDEEN PROVING GROUND. MARYLAND 21010-6422

JAN 30 985

REPLY TO
ATTENTION OF

Occupational and Environmentzl
Medicine Division

William V. Loscutoff

Chief, Toxic Pollutanis Branch

California Air Hesources Board -
P.0. Box 2815 i
Sacramento, Californiaz 953812

Dear Mr. Loscutqff:

This Agency does not have data on asbestos per your
request. However, we are aware of a document orn the health
effects of ashbestos which you may want to review. The title
is: Asbestos - An Update of Epidemiology and Pzthology since
1976. This document was published by the USAF Occupational
and Environmental Health Laboratory, Aerospace Medical Division,
Brooks Air Force Base, Texas in February 1984. & copy can
be obtained by requesting report number 84-125C011BOB from
either the lztional Technical Information Service or the
Defense Techrniczal Informaticn Center.

Any questiions concerning this reply should be directed
to Major Rocer:i W. Petzold, M.D. at telephone number 301-677-246<«.

Sincerely,

fol e Dnd o

Colonel, Medical Corps
Director, Occunational and
Environmentzl Bealth
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Attachment I1I

SUGGESTED ISSUES WHICH SHOULD BE CONSIDERED IN PREPARING THE
HEALTH EFFECT DOCUMENT ON ASBESTOS FIBERS

Three publications may be useful for providing the background information on
the health effects of asbestos (IARC, 1977; EPA review draft, 1984; and NRC,
1984{ see attached reference list for full references). The IARC publication
(1977) provides an adequate summary of asbestos health effects through 1976.
The other two publications provide summary reviews on more recent health
information -and quantitative risk estimates of lung .cancer and mesothelioma.
Based on its evaluation of the health effects of asbestos, IARC has found
“sufficient evidence" for carcinogenicity to humans and animals. Evidence for
activity in short-term tests has been found to be “inadequate” (IARC, 1982).

The following is an outline of issues in the format desired by the SRP:

I. Asbestos As a Toxic Air Contaminant

A. Asbestos is a géneric name for a category of fibrous minerals that
are used commercially. In EPA's National Emission Standard for
Asbestos, the minerals defined as asbestos are actinolite, amosite,
anthophyllite, chrysotile, crocidolfte_ and tremolite. Because of
the provisions of Article 39655 of'the Health and Safety Code, it
will be important to include at least those minerals in the
California definition of toxic air contaminants.

B. The physical properties of fibers such as respirability, size and
aspect ratio, durability, flexibility and tensile strength, surface
area and surface charge have been considered in relationship to
observed health effects of asbestos minerals. A discussion of these
rélationships of fiber characteristics to health effects of asbestos
will be very useful in eventually establishing control approaches.

C. Evidence of carcinogenicity of several asbestiform fibers has been
demonstrated in occupational studies, in studies of other human
populations and in animal studies. Because the evidence of
carcinogenicity is so strong in humans and animals it is unlikely
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II.

III.

that other toxic effects need to be considered in order to 1ist
asbestos as a toxic air contaminant.

Threshold Determination of Asbestos

A.

There is no strong positive experimental or epidemiological evidence
that asbestos has a carcinogenic threshoid. Therefore, it should be
treated as a substance without a threshold.

Because of the evidence that asbestos is not directly genotoxic, it
might be argued that asbestos is 1ikely to have a threshold.
Therefore, the possibility that a single- fiber of asbestos is
capable of producing cancer would dppear to need discussion.

Dose-Response Estimates of the Carcinogenicity of Asbestos

Choices.and related considerations are as Fo]lows:

A.

The choice of using data from human epidemiologic studies or animal
studies or both.

The cho1ce of using lung cancer or mesothelioma or both as the
biological endpo1nts for the carcinogenic effects of asbestos.

The choice of using one or more of the different types of asbestos
as the causative agents.

The choice of using one or more of the indices for quantifying the

~dose. For example: mass or number of fibers or fibers at specific

size distributions or total surface areas.

The establishment of a method or factor to relate the fiber counts’
and size distribution obtained from optical and electron microscopy
measurements.

The establishment of a method or factor to relate fiber _counts to
mass measurements.
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G. The synergistic_ effect of asbestos fibers and cigarette smoke or
benzo(a)pyrene may be considered as an additional risk.

H. An estimation of the potential risk related to indoor air exposure
to asbestos.

1. An estimation of the potential risk associated with asbestos
exposure via drinking water.

-
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EPA  Review Draft (1984) - Asbestos Health Assessment .Updafe.
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Attachment III

Ambient Asbestos~Concentrations, Asbestos Sources
and tmission Trends -

Data from a study done under contract to. the Air

Resources Board, entitled Final Report - Ambient Asbestos

Concentrations in California, Volume 1, (December 1983), show

mean concentrations of total asbestos fibers in the range of
9,500-66,000 fibers/cubic meter. The study also shows mean
concentrations of chrysotile fibers in the range of 4,500-51,000
fibers/cubic meter; and mean concentrations of amphibole fibers
in the range of below the detection limit to 31,000 fibers/cubic
meter. As further discussed in Attachment IV, the sampler uséd
has a collection efficiency of 50 percent for 3.5 um aerodynamic

diameter particles.

Of the reports containing measured ambient asbestos
concentrations in California, we used the results from the above
referenced study because it was the only one containing
measurements from several populated locations in the State and
because the samples were analyzed by transmission electron
microscopy. Although we believe this data represents the best
available, it is not possible to estimate an annual average
concentration from these measurements with an acceptaﬁ]e degree

of accuracy.

Sources that lead to community exposure to asbestos are:
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0 . asbestos mining and milling operations;
) floor tile pro&uction;

) gaskets and packing production;

0 manufacturing of friction products;
) paints, coatings and sealants production;
) asbestos reinforced plastics production;
0 asbestos cement pipe production;

0 asbestos textiles production;

0 asbestos paper production; and

0 asbestos cement sheet production.

We are currently investigating the asbestos mining/
milling and manufacturing/fabricating source categories in
California in order to estimate asbestos réTeases to the
atmosphere., Other potential sources contributing to coﬁmunity

exposure to asbestos are:

0 Natural weathering or human disturbance of mineral

deposits (off-road vehicles, road-building);

0 Reentrainment of asbestos fibers that have settled out

by dry deposition;

0 Transportation {consumption of brake and clutch

tinings);
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0 Demolition operations; and
©  Fiber loss from unpaved roads surfaced with crushed
serpentinite (contains chrysotile) as a result of

vehicular traffic.

Asbestos fiber production at the mines and mills in

California decreased from 1979 to 1983;1/ National consumption

of asbestos decreased from 1977 to ]982.g£§/ We are .

determining whether this trend has occurred in manufacturing/

fabricating source categories in California. At the present

time, we are unable to assess the emission trends of the

potential sources.

3/

Telephone conversation with Fred Carrillo, U.S. Bureau of
Mines, January 1985.

Draft Final Report-Exposure Assessment For Asbestos prepared
by Versar Inc. for the U.S. Environmental Protection Agency,
January 9, 1984, pg. 24.

Asbestiform Fibers-Nonoccupational Health Risks by the
Committee on Nonoccupational Health Risks of Asbestiform
Fibers, National Research Council, National Academy Press,
1984, pg. 56,
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Aitathment Iv

Sampliing and Analytical Methods.

The goal of Science Applications, Inc. (SAI) project
was to establish “worst case" respirable asbestos concentrations
in a representative cross-section of California locations. Given
the project objective, sampling and analysis methods focused on
applying state-of-the-art sampling and analysis techniques t6 a
cross-section of geographical sites based on emission/exposure
potential. To examine maximum asbestos level conditidﬁs,
sampling was done during the dry period of the year. Sampling
methods adopted for the study followed protocois established by
Dr. Walter John of the Air and Industrial Hygiene Laboratory in
1976, 1978,,éndv]980. The samples were ana]yzéd by transmission
electron microscopy according to the measurement and verification
procedureé specified by the U.S. Environmental Protection Agency

(EPA) 1in their provisional method {1978).

~Since previous SAl surveys using electron microscoby
showed that 90 to 95 percent of asbestos fibers in the ambient
environment are shorter than 5.0 um, a single-point cyclone
sampier with a collection efficiency of 50 percent for 3.5 um
aerodynamic diameter particles at a flow rate of 15.5 1/minute
was chosen for all filter sampling.. An 8.0 um pore size 47 mm’
diameter Millipore backing filter was used in conjunction with a

Nuclepore 0.2 um pore size collection filter. The backing filter
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was used to ensure even distribution of particles across the

filter face.

The project Qas intended to measure airborne asbestos
concentrations in areas that are known or are suspected to have
elevated levels and in those that are isolated from asbestos
sgurces. . An additional site criterion was to co-locate, where
possible, field measurements with existing particulate matter
monitoring stations. Ten sampling sites were chosen: Napa, San

Jose, Stockton, Sonora, King City, Bakersfield, San Fernando

Valley, San Diego, South Gate and Century City.

Original sampling plans called for collection of at
least four four-hour samples at each site. Paired replicate
samples were taken morning and afternoon at King City, San Jose,
Napa, San Fernaqdo Valley, and Sonora. Century City,
éakersfield, South Gate and San Diego normally have high
particulate concentration levels, so samples were collected at
these locations over shorter time intervals to preclude
overloading the filters. At these sites, SAI took five to nine
samples per day. Sampling time was based on prior calibrations
of filter loading, as a function of suspended particle count

levels, by scanning electron microscopy.

A JEOL 6C transmission electron microscope (TEM), with

a resolution of six angstroms and equipped with selected area
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electron diffraction was used for all sample analyses.
Calibration of instrument -magnification was performed using a
21,400 lines/inch carbon replicate standard against a scale

etched on the fluorescent screen of the TEM.

In reporting the analytical resuilts, values shown as
zero are below the detection limit. Detection limit is defined
as a function of the total area of the filter scanned and the
~ volume of air that is sampled. When only one fiber.was found on
the sample écanned, the value obtained was used to derive the
detection limit. Samples having less than one fiber found auring
analysis were defined as being below the detection limit. All
the samples analyzed were counted in an identical manner and had
been co]lected at the same flow rate, therefore, the detection
limit was a function only of the duration of sampling time.

Since sampling times ranged from one to four hours depending on
mass concentration, net detection limits ranged from 9100 to 2400

' fibers/m3 of air, respectively.

To fulfill quality assurance requirements, the
University of Washington Transmission E]ectron.Microscopy Center
was provided with replicate filter samples for én interlaboratory
comparison. The samples were analyzea according to the EPA
provisional method and the data returned to 3AI for computer

reduction. In addition to a background control (Napa site),
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sites selected for inter-comparison analyses were King City,
Sonora, Century City, and Sén Diego. The Napa sample was done in
duplicate by both Jaboratories to provide or measure
reproducibility. The detection limit for TEM asbestos analysis
in this study was approximately 2400 fibers/m3, the result of
counting only one fiber in the filter area analyzed. The
greatest difference between comparative sampies was for the
duplicated background control samples done by the University of
Washington., Althougb values for these two replicates are a
factor of 11 apart, the difference represents the counting of
four fibers vs. one fiber per total counting area, respectively.
Differences between the two laboratory's analytical r¢5u1ts for
the other replicate samples are in all cases less than the

variation in the single duplicate analysis.
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¥
STATE OF CALIFORNIA

JAIR RESOURCES BOARD

GEORGE DEURMESIAN, Gowernor

| ' £
N 2 Q SIREET ; ‘-’ —— =)
P.O. BOX 2815 } : N,
SACRAMENTO, CA 95812 .

December 7, 1984

Dear Sir or Madam:

Subject: Request for Information Regarding Asbestos

I am writing to request information on the health effects of asbestos (e.g.,
chrysotile, crocidolite, actinolite-tremolite, amosite; anthophyllite, etc.)
as part of our toxic &ir contaminant program. This program is based on Health
and Safety Code Sections 39650, et seq. which require the ARB to identify
compounds as toxic air contaminants and once identified to develop and adopt
control measures for such coapounds. After consultation with the staff of the
Department of Health Services {DHS), we have selected asbestos as a candidate
toxic air contaminant to be evaluated in accordance with the provisions of
Health and Safety Code Sections 39650, et seq..

Before the ARB can formally identify a compound as a txic air contaminant,
several steps must be taken. First, the ARB must request the Department of
Health Services to evaluate the health effects of candidate coupounds.

Second, the ARB staff must prepare a report which includes the health effects
evaluation and then submit the report to a Scientific Review Panel for its '
review. The report submitted to the Panel will be made available to the"
public. Information submitted in response to this request will be considered
in the ARB report to the Panel. Although any person may also submit
information directly to the Panel for its consideration, I urge you to submit
all information at this time for our consideration in the development of the
report for the Panel. The Panel reviews the sufficiency of the information,
methods, and data used by the DHS in its evaluation. Lastly, after review by P
the Scientific Review Panel, the report with the written findings of the Panel
will be considered by the Air Resources Board and will be the basis for any

regulatory action by the Board to officially identify a coupound as a toxic
air contaminant. : '

Prior to formally requesting the DHS to prepare a health effects evaluation of
asbestos, we are providing, pursuant to the provisions of Section 39660(e) of
the Health and Safety Code, an opportunity to interested parties to submit
information on the health effects of asbestos which they believe would be
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important in DHS's evaluation of asbestos as a candidate toxic air
contaainant.

In late October 1984, ARB staff received a reference search on health effects
of asbestos using the Tax1ine, Medline, and Biosis databases available from
HLH ana Dialog Information Services. The search was limited to material
available to the public between January, 1980 and July, 1984. The attached
bibliography 1ists the references from this information search. We are
requesting pertinent information on the health effects of asbestos, including
any material that may not be available to the public, that is not included in
the attached bibliography.

Pursuant to the provisions of the Public Records Act (Govermment Code Sections
6280 et seq.), the information you provide will be a public record and subject
to public disclosure, except for trade secrets which are not emission data or
other information which is exempt from disclosure or the disclosure of which
is prohibited by law. The information may also be released to the
Environmental Protection Agency, which protects trade secrets and confidential
information in accordance with federal law, and to other public agencies,
which are also required to protect such information.

To expedite the review process, we ask that any information which you believe
should be regarded as “trade secret" be clearly marked and separated from
other information. You may identify portions of the information you submit as
“trade secret” in accordance with Health and Safety Code Section 39660(e).

The claim of trade secrecy must be supported upon the request of the Air
Resources Board. Other information claimed to be trade secret and information
otherwise claimed to be exempt from disclosure may be identified as
confidential in accordance with Section 91011, Title 17, California
Aawinistrative Code. 3ection 91011 requires that the claim of confidentiality
be accompanied by specified supporting information.

I woula appreciate receiving any relevant information you wish to submit by
January 21,1985. Your help in expediting our review will be greatly
appreciated. Please send the information to the attention of:

Witliam V. Loscutoff, Chief
Taxic Pollutants Branch

Re: Asbestos

California Air Resources Board
P. 0. Bax 2815

Sacramento, CA 95812

If you have any further questions regarding health effects information, please
contact Mr. John Batchelder at (916) 323-1505. For any other questions,
please contact Mr. Robert Barnham at (918) 322-7072.

B-2
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If you are not the person to whom this request should be addressed, please
forward it to the appropriate person in your organization. Also, please let
us know whether you would 1ike to continue to receive information inquiries
for other candidate coampounds, and if not, if there is anyone in your
organization to whom such requests should be sent.

Sincerely,

Peter D. Venturini, Chief—————Hw__
Stationary Source Division B
cc: Alex Kelter, DHS : o

Lori Johnston, DFA '

Wayne Moryan, President, CAPCOA

Jan Bush, Executjve Secretary, CAPCOA

David Howekamp, EPA Region IX

Assemblywoman Sally Tanner

Senator Ralph Dills

APCOs

Emil Mrak, Chairman, and

Scientific Review Panel Members

Attachment

B-3



1.

12.

14 .

ve
n

ASZESTOS REFEREINCES (11/%/84)

Acheson, E. D., Bennett, C., Girdner, M. J. and Viﬁter. P. D. (1981) Mesothelioma in
1 factory using amosite zand chrysotile asbestos. Lancet. 2(8280-61):1403-1406.

Acheson, E. D. and Gardner, M. J. (1%80) Possible synergism between chrysotile znd
amphibole asbestos (Letter). Lanecet. 1(81702:704.

Acheson, E. D. and Gardner, M. J. (1981) Dose-response relations from epidemiological
studies. Proc R Soc London, {(Ser.) A. 378(1764):79-85.

. Acheson, E. D., Gardner, M. J., Pippard, E. C. and Grime, L. P. (1982) Mortality of

two groups of women who manufictureed gas masks from chrysotile and crocidolite
asbestos: a 40-year follow-up, Br J Ind Med. 39(4):344-348.

Acheson, E. D., Gardner, X. J., Winter, P. D. and Bennett, . (1984) Cancer in a
factory using amosite asbestos. Int J Epidemiol. 13(1):3-10. '

Aisner, J. and Wiernik, P. K. (1981) Asbestos-related neoplasm. Semin Oncol. B(3):2¢1-
242. :

. Archer, V., E. (1979) Carcinogenicity of fibers and films: a theory. Med Hypotheses.

S€11):1257-1262..

Archer, V. E. and Rom, W. K. (1983) Trends in mortality of diffuvse malignant
mesothelioma of pleura {(Letter). Lancet. 2(8341):112-113.

Arestrong, B. K. et 2l (1984} Epidemiology of malignant nmesothelioma in Westera
Australia. Med J Aust. 141¢(2):8¢-88.

Artvinli, M. and Baris, Y. I. (1982) Environmental fiber-induced plasuro-pulmonary
€iseases in an Anatolian village: an epidexiologic study. Areh Eaviron Healtkh.
37¢33:177-181.

Artvinli, M. and Baris, ¥. I. (1982) Environmenta! fiber induced pleure pulmonary
édiseases in an anatolian Turkey village-an epidemiologic study. Arech Enviren Health. T~
2723177181 .

Arvl, X. J. an€ Holt, P. T. (1%80) Cleazance of isbestos bocies from the l!ung: 2
personal view. Er J Ind Med. 37(3):273-277.

Eazry, B. E. et 2l (1983) Reaction of rat iungs to inkhaled chrysotile asbestes
fcllowing acute andsubehzonic exposures. Exp Lung Res. S(1):1-2%2.

BEeck, E., Konetzre, G. V. znd Strom, W. (1982) Asbestos and mesotheliomi

in eazst
Germany. Areh Immunoi Ther Exp. 30(3-4):229-234.

Besk, . G. (1580) Trperimenteal

t pathclogr-in vitro studies-zelated to asbestoes and
cther ninera! fibers. IARI 52! Pu

181, 1¢3C07:385-400.
Pecriske, Y. . (19EZ! Zzpeszmre tt 2sbestes 2nd humen disease (editorial!. N Inegl o
Med 2Ue(24):314EC-i4EC :

reiated diseaseas of the lonce and plews: currenmt
1e, 134T 1lET-18¢

B-4



13 .-

1¢9.

20.

1.

22.

4.

28.

.

(4
o

Begin, R. et 21-(1981) Early lung events following low-dose asbestos exposure.
Environ Res. 24(2):392-401.

Berry, G. and Newhouse, M. L. (1983) Mortality of workers manvfacturing frictiom
material using asbestos. EBr J Ind Med. 40(1}:1-7.

Bignon, J. et al. (1979) Human and Experimental Dati: on Trinslocation of Asbesios
Fibers through the Respiratory System. NY Academy of Science. 745-50.

Bignon, J. and Jaurand, M. €. (1983) Biological in vitroc a2nd in vivoe responses of
chrysotile verse amphiboles. Environ Health Perspect. S1:72-890.

Blat, W. J. et al. (1980/September 1980) Lung and Laryngezl Cancers in Relation to
Shipyard Employment in Coastal Virginia. JNCI. £%(3):571-5.

Bolton, R. E. et al (1982) Variations in the carcinogenicity of mineral fibers. Ann
Oceup Hyg. 28(1-4):56%-582.

Bolton, R. E. et al (1982) Variations in the carcincgenicity of minerzl fibars. Ann
Occup Hyg. 28 (1-4):569-582. B *

Eoman, G. et al (1782) Maligmant mesotheliomz in Turkish irmigrant residing in
Sweden. Scand J Work Environ Health. 8(2):108-112.

Briseili, M., Mark, E. J. and Dickersin, G. R. (1981) Solitary fibrous tumers of the

plevra: eight new cases and review of 360 cases in the literature. Canecer.
47(11):24878-2689. )

Brody, A. R. and Hill, L. H. (1981) Deposition pattern a2nd clezrance pathways of
inhaled chrysotile asbestos. Chest. B80(1 Suppll:éd-¢7.

Erown, K. C., Poole, A. and Fleming CTA (1983) The influence of asbestos dust enths
encogenic tranformition of C-3H-10T-1-2 cells. Cancer Lett. 18¢2):221-228.

Browne, K. (1923) The apideziclogy of mescothelioma. J Occup Mad. 33¢4):190-194.

Browne, K. (1983) hstestos-related mesothelioma: epidemiologicz! evidence for
isbestos 35 3 promotor. Arch Envizon KHeallh. 38(S):261-266.

Browne, K. and Coffe, T. {1984) Mesotheliomi due to domestic exposure tc zshesteos
(Letter). Zr Med J (Clin Res). 28%(6437):11G-111.

Browne, X. and Smither, W. J. (1983} Asbestos-related mesoltheliomz: factors
€iseriminating between plevral aund periteneal sites. Br J Ind Med. 40(2):145~152.

Cecey, G. (19E3) Sister-chromatid exchance and cell rimetices in CHO-Ki cells, human
figroblzsts aznd lvmphoblastcid cells expesed in vitro te asbestos and glass fiber.
Mutzi Res. 116(3-47:36%-377. :

“hovil, A. z2nf Stewast, C. (1%7%) Latensy period for mesothelioma {(lLetter). Lancet.
Z(8167):85:

“hnurg, . M. anf Warmesk, M. L. (19E1/Marek 1%B1) Asbestos and Othe: Ferrugnous
Eedies, The:: Tormaticrn and Zirniex!l Significance. AR ¢ Paithol. 102(3):447-5¢.

Shurg, 2 amg oCoidarn, [ 11%225 lurrexnt frobiems Tin the pathelogy e¢ 2sbestes-relacss
Cicsezee Tzthe! kmmr 171F: I flectd



37.

38.

3v.

40.

41

q2.

44

44

48 .
&% .
S0,

51.

wn
o,

[ 3]
(L]

Churg, A. and Wiggs, B. (1984} Fiber sise and number in amphibole z2sbestos induced
nesothelioma. Am J Pathol. 115(3):437-442.

Churg, A. and Wood, P. (1983) Observation on the distribution of asbestos fibers in
huamn lungs. Enviton Res. 31(2):347-380.

Cook, P. M., Palekar, L. D. and Coffin, D. L. (1982) Interpretation of the
carcinogenicity of imosite asbestoes and ferro actinolite on the basis of ratainsd
fiber dose and characteristies in vivoe. Toxicol Lett. 13(3-43:151-158.

Ctaighead, J. E. and Messman, B. T. (1982 ' }) The Pathogenesis of Asbestos-
Associated Diseases . New England Journal of Mediecine.
306(24) 114446-55.

Davis, J. M. (1979) The Use of Animal Models and Primary Prevention of Cancer. NY
Acad of Science. 330:795-8.

DiPaolo, J. A., DeMarinis, A. J. and Doniger, J. (1983) Asbestos and Benzo(a)py:ehe

Synergism in the Transformation of Syrian Hamster Embrye Cells. Pharmacolegy.
27C¢2):65-713. -

. Dodsen, R. F. et 231 (1984) Asbestos Content in Lungs o¢f occupationally exposed

individual. JAMA. 252(1):68-71.

Donham, K. J. et 2l (1980) The effects of long-term ingestion of asbestos cn the

- colon of F344 rats. Cancer. 45¢(5 Suppl):1073-108¢.

Englund, A. and Engheln, G. (I982) Asbestos related cancer in Swedish constructien
workers. Areh Immunol Ther Exp. 30(3-4):157-140.

Enterline, P. E. (1983) Risk issessment of asbestos careinogenicity ia
nonoccupationally exposed populations., VDI-Eer. 475:297-303.

. Eriterline, P. E. (1983) Cancer produzed by nonoccupationz! asbestos exposure in the

United States. J Air Pollul Contrel! assoc. 33(4):316-312

Enterline, P. E. (1981) Propertion of cancer due to exposure to asbestos. Banbury
Report. ?:19-3}.

Epler, G. R., Melouwd, T. C. and Gaemsler, E. A. (1982) Prevalence 2nd incidence of
benigrn asbestos plevral effusion in a wozking population. JAMA. 247(5):617-£622.

Findley, M. E. et 2l (19E3)} An zssessment of the Environmental Proteclionm hgenecys

© (USA) asbestos hazard evaluationm algerithm. Am J Public Health. 73(¢10):1175-1181.

Finklestein, M. W. (1783} Mortility amon; long-terr employees of an Ontario asbhestose
cement factory. Br J Ind Med. 40(2):i385-144.

Finklestein, M. W. (1984) Mortality among smployees of an Ontario asbestos-cement
faztory. Ax Kev Respir Dis. 129(5):754=-76:.

Tischbein, A. and Rohi, L. K. (1984} Pleuas! mesotheliom: and neighborhood asbestos
ezposure. Findings from m:zrochem:iczi anaivsis of lung tissue. JAMA. 252(1):846=87.-
Tleury, J. et al 119E2) Interactione of asbestos fibers with hepitocrtes in vits an
uitrastrysteral study,. "Tsricet: Lett 19(1-0):15-07%

AV e e

frank., L L. 9EC. CZl:mizii ebservaitions feilowing acbesios erposure LNviTon Hezlth
Feccres EL A 34

B-6



3

H)

H

SY.

3

1.

§

é

64.

€

66 .

67 .

é

13

7

?

hs |
9

~¥
R

é.

7.

8.

9.

2.

3.

S.

E.

9.

o.

1.

‘Gardner, M. J., Acheson, E. D. and Winter, P. D. (1982} Ho:taiity from mesothelioma

of the pleural during 1968-78 in Ergland and Wales. Br J Cancer. 46(1):81-B&.

Gladfelter, T. (1982) Malignant mesotheliomaz: an occupation disease (clinical
conference). J Fam Pract. 14(S):827,830-832.

Glickman, L. T. et al (1983)> Mesothelioma in pet dogs issociated with a:posure of
thejr owners to asbestos. Envizon Res. 32(2):305-313.

Goldsmith, J. R. (1982) Asbestos as a systenxc circinogen: the evidence from eleven
cohorts. Am J Ind Med. 3(3):341- 348

Goschieki, J. V. and Indulski, J. A. (1982) The polish studies on oecsupational

exposure to asbestos and its biological effects. Arch Izmunel Ther Exp. 30(3-4):149-
176. )

Griffia, L. C. et 21 (1983) Deposition of crocidolites ashastos and glass microfiders
inhzled by the Beagle dog. Am Ind Hyq Assoc J. §4(3):21¢6-222.

Hallenback, W. H. (1983) Asbestos PENETRATION OF TEZ CASTROINTESTINAL TRACT. Envirem
Kealth Perspect. 52:153-134.

Hallenback, ¥V H., Markey, D. R. and Dolan, D. G. (1981) Analyses of tissue, blood.

and urine samples from 2 baboen gavages with chrysotile and crocidolita ashestos.
Environ Res. 25(2):34%-360.

Hamilton, J. A.° (1950) Maecrophage stimulation and the inflammatory response i3
asbestos. Environ Health Perspect. 34:6%=74.

Hirington, J. 5. (1981) Fiber carcinogenesis: epidemiolegic observations and the
Stantcn hypothesis. JNCI. 67(5):977-989.

Harvey, G., Page, X. and Dumas, L. (1984) EBinding of environmental darcinogens tgo
z2sbhestos and mineral fibers. Er J Ind Med. $§1(3):396-400.

Haugen, A. and Harris, C. (198B2) Asbestos circinogenesis: asbestos interactions aas
epithelial lesien in eultured human tracheobronchial itissues and cells. Recent
Results Cancer Res (Germany, West). 82:32-42.

Henderson, D. V. (1982) Asbestos-related plevseprlnmonary diseases: i1sbestosis
mesolheliomz and lung cancer. Pathology {(Australia). 14(3):229-243.

Hendezson, ¥. L. and EZnterline, P. 5. (1979) Asbestos exposure: factors asseciated
with excess camcer axnd respiritory disease mortality. Ann NY Acad Sci. 330:117-126.

Kesterberg, T. W. et al (19820 Asbestos induces ncrpﬁoiogical transformation in
Svrian himster embryc cells in culture. J Cell Eiol. 9?5(2 part 2):44%A.

Hillerdel, G. (1983) Malignant mesothelioma 19E62: review of 417¢ published cases. EB=
J Dic Chest. 77(42:321-542.

location of asbestos dust through the bronmchiclaor wali.

F.OT, O(1%82) Trans las
bt =260,

. Res. 27(23:2%

Hopkine. ¢ {1984 Epidemiolocica! studies or ingescted zesbesios. Toof Cher Tericol

Huarg 2 L. {1°7%; Amoeite, chrysctile amf 2rez:cfel:te zsdestos are mutigen:s 33
“h:imese hamster lunr =mellis Moiat Res ErZ)léT-s ‘



7s.

74.

77.

78.

79.

80.

81.

82.

§3.

Humphrey, E. W. et 2] (1981) The production of mzlignant tumors of the lung znd

pleural 'in dogs from intratracheal asbestos instillation and cigarette smoking.
Cincer. 47¢(8):1994-1997%.

Huukonen, M. S. (1980) Asbeétos and eincer in Finland. J Teziecol Environ Healtk. $(3-
§):1241-1265. .

Huukonen, M. S. (1982) Asbestos and cancer. Eur J Respir Dis. 123:145-152.

Jones, J. 8. et al (1980) The pathology and nineril content of lungs in cases of
mesotheliomz in the United Xingdem in 1976. IARC Sci Publ. 1(30):187-19%9.

Joeseph, L. B. et al (1983) Morpholoegical transformation in vitro of normal human
tibroblasts by chrysotile. Environ Health Perspeet. 51:17-22.

Kagan, E. (1981) The zlveolar macrophage: inmmune deringement and asbestos-related
malignancy. Semin Oncol. 8(3):258-247.

Kahn, E. 1. et gl (1980) Primary pericardial mesothelioma following exposure te
ssbestos. Environ Res. 23(2):270-281. C

Kznnerstein, M. (1980) Recent advinces and perspectives relevant to the pathslogy of
asbestos-related diseases in man. IARC Sei Pabl. 1(30):149-142.

Kannerstein, ¥. and Churg, J. (1980) Mesothelioma in man and experimental animals.

“Environ Health Perspect. 34:31-364.

84.

85 .

Bé .

87.

88 .

processing workers. Science. 209(443548):4206-422.

89 .

?0 .

Kaw, J. L., Tilkes, F. and Beck, E. G. (19E2) Reaction of cells cultured in vitro te

different tsbestos dusts of equil surfaece are2 but different fiber Iength. Br J Exp
Pathol. 63(1):109-113. :

Kolev, X. (1982) Experimentally induced mesothelioma in white rats in response to

intra peritoneal administration of amorphous crocidolite 2sbestos preliminmary report.
Environ Res. 29(12:125-133.

Yolev, XK. (1982) Experimentally induced mesotheliomi in white rats in respomse to

intraperitoneal adminmistration of amorphous erocidolite asbestes: prelimimary zepori.
Environ Res. 29(1):123-133.

Lafume, J. et 2l (1980) Mesothelioma indueed by intrapleural injection oi'éifiet&ni

types of fibers in rats; synergistic effect of other carcinogens. IARC Sei Pudl.
1¢36):311=-320.

Lanoer, A. M. et 3l (19B0) Asbestos as a2 cofictor in circinogenesis among nickele

Lemen, R. A., Dement, J. M. and Wagcner, J. (1%80) Epidemiciogry cf'isbestcs-relattﬂ
diceases. Environ Health Perspect. 34:1-11.

Lewrnsohn, H. €. et 21 (1980) The influence of occupaticnal and environmental

isbesios erposure on the incidenee of malignant mesctheliomi in Connecticat. JARD 521
Pobl. €303 :¢50-640.

titie, . et ol (31%7%; lrsbestor disease in mzintenanze workerc ¢! the chemical
indusi:sy. Anr NY Acad Se2i. 330:127-127.

Zeipkein, L0 D0 (19EL, CZalijuviar effestes of asbecstos ind cther fidere: gerreiziigne witih
:e vive industion ¢ rlevrai sasrome EMVosor Rellth Fecspes dé:oi-1Cl



#3..Livingston, G. K., Rom, W. N. and Morris MV (1980) Asbestos-induced saister ehromatid
exchanges in cultured Chinese hamster ovarian fibroblast calls. J Envirom Pathol
Texicol. 4(2-3):373-382.

$8. Lopez-Areal Del Amo L (1980) .Disexses associated thh isbestos in Spain. IARL Sci
Publ. 1(30):201-20¢. B

3. Maltemi, C., Minardi, f. and Hoerisi, L. (1982) The relevance of the experimenial
ipproach in the issessment of the oncogenic risks from fibrous znd nonfibreus

pirticles. The ongoing project of the Bolognz Institute of Cncology. Med Lav.
730(41:394-407.

6. Mancuse, T. F. (1983) Mesothelioma among machinists in railrezd znd other industriss.
Am J Ind Med. 4(4):501-513.

97. Maisse, R. et al (1980) Experimental demonstration of the penetrition of asbestes
fibers into the gastrointestinal traet. IARC Sei Publ. 1(30):321-328.

$8. McConell, E. E. et z1 (1983) Chronic effects of distary exposure to amosite and
ckrysotile asbestos in Syrizn golden hamsters. Environ Health Perspect. $3:11-25.

9. MeConell, £. E. et 2l (19832) Chronic effacts of dietary exposure to amosite ashbestos
and tremolite in F344 rats. Envizron Health Perspect. $53:27-4¢.

18C. McCgllagh, S. F. (1780) Amosite 2s 2 cause of lung cancer and mesothelioma in humzns.
' J Soc Oecup Med. 30(4):153-156.

1) McDonald, A. D. et 1l (1984) Dust exposure and mertality in an Ameriean ch:ysctilé
2sbestos friction produets plant. Br J Ind Med. 41¢2):151-157.

18Z. McDomald, A. D. et 2l (1982) Dust exposure and mortality in an Americanm facziory using

chrysotile, amosite, and crocidclite imn painly teztile nanufactnre. Br J Ind Med.
46¢4):368-374.

183. MeDenald, A. D. et al (1983) Dust exposure and mortality in an American chrvssiile
textile plant. Br J Ind Med. 40(4):361-367.

104, MeDonald, J. £. (198B0) Asbestos-related disease: an epidemiological review. IRAL Szi
Paobl. 20(30):587-601.

105, ﬁlDonaIé. v. €. et .al (1986) Dust exposure and mortality im chrysotile mining, 1710-
1$78. Br J Ind Med. 37(1):11-24.

106. MsDonaid, J. C. an¢ Liddell, T.

D. (1979) Mortality in Canadian minazs exposerd to
chrysotile. Ann NY Acad Sei. 230:

1-9.

167. McDonald, J. €. and MaDomzald, A. D. (1981) Mesothelioma zs 2n index of ashesto
impact. Banbury Report. 9:73-86.

16€ Mcnchaux, G. et 2l (1981) mescthelioma in rats foliowing inoculition witk asig-
ieazhed chrysctile isbesios and other mineral fibers. Carcinogenesis. 203):3225-235.

1T Mergen, A. (198C) Zffegt ¢f iengih on the clearance of fibers froxm the luzrg aaf on

bedy formation. 1ARI 5zi Pull. 1(30):326-335.
10 Mecszparn, = “ight. V. ané Vel T, (1983) Asbestcos: mechanisms ¢f tozicity amg
fizz:imogerniclty T the resp:isetest trast Annu Kev Pharmacc! Toricol. fE:fen_gin.

B-9



11, Mossman, B. T. and Craighead, J. E.

(1981) Mechanisps of asbestos carecinogenesis.
Environ Res. 25(2):26%-280.

112, National-Research Counecil (1984) Non-occupational exposure to asbestiform fibers. NAS

Report.
113. Newhouse, M. L. (1983) Asbestos-related diseises. ?Qactitionet. 227(1383):1399-14121.

114, Newhouse, M. L. (1%81) Epidemiology of asbestos-related tumors. Semin Oncol. 8(3):250-
57.

115S. Newhouse, M. L. and Berry, G. (1%79) Patterns of mortality in asbestos factory
workers in London. Ann NY Acad Sci. 330:53-40.

114. Newhouse, M. L., Berry, G. and Skidmore, J. W. (1982) A noxtility study of workers

manufacturing friction materials thh chrysotile asbestos. Ann Occup Hyg. 26(1-4):89%-
$09.

117. Nicholseon, W. J. et a! (1981) Cancer from occupational isbestos exposure projections
1980-2000. Banbury Report. $:87-111. -

-118. Nicholson, V. J. (1984} Asbestos Health Assessment Update. ZPA Report (Revie draft).
EPR-400/8-84-003A:131.

119. Nicholson, W. J. et 3l (1979) Long-term mortality e:perxence of chrysotile minars 1nd
‘millers in Thetfotd Mines, Quebee. Ann NY Acad. Scx 330:11-21.

1206. Nicholson, W. J., Perkel, G. and Selioff, I. J. (1982} Deccupational esxposure to

asbestos: population a2t risk and projected mortality--1580-2030. An J Ind Med.
3133:259-311.

121. Norseth, T. (1980) hsbestos and metals as ecarcinogens. J Toxicol Environ Health. &(5-
Y:1021-1026.

12Z. Orconez, N. 6. and Smith, J. L. Jr (1983) Feritoneal malignant mesothelioma with
: nultiple distant skin metestases. Arch Dermatol. 119¢10!:827-830.

*.
»
(3]

Fele, J. (1960) The incidence of pleural] mesotheliomi in chrysotile asbestos textile
workers. IARC Sci Publ. 2€(30):7203-71%. -

124. Peto, J. (197%) Dose~response relationships for asbestos-relited disease:
implications fo: hygiene standards. Part II. Mortality. Ann NY Acad Sei. 330:195-203.

12%, Peto.AJ. (1260) Lung cancer mortality in relation tc measured dust levels in zn
esbestos textile factory. IARC 5ci Publ. 2(30):829-83¢.

12¢. Petc, J., Henderson, B. Z. and Pike, M. C. (1981) Trends in mesotheliom: incidence iﬁ
the USA and the forcast epidemic due tc 2sbestos exposure during World War 1II.
Banbury Report. 9:51-717.

127. Peto, J., Seidman, E. and Selikoff, 1. J. (1962) Mesothelioma mortality in asbestos

worskezre: impiicitions fcr models of carcinogenesis and cisk assessment. B: J Cancer.
qiiir:i12a-12%. T

128, Peti, T. (1981) Animal expe-:iments on biolcgicil effects of mineral! fibers. JIARL S¢i
Fukl 130 :iei-CT8 : : :

l2® Pr:ize~jenes. ¥ O Grbkbings, ¢ andé Chambeslain, M (1980 The genetiz effezts of
2spoz:€elite 2ehesice 2gmuitiscern of ahromesome abnecrmil:itiss zm€ s:Ste:r shromatil
eroninoes Muvtet Res "% e :

ITi-33¢ B-10



130.

131.

132.

133.

134.

135.

134,

138.

139

140.

141,

1€2.

144

Pylev, L. N. et al (1982) Pleural meéoth:lio:a in the Rhesus monkey Micaca-mulatta
induced by intra trachez] injections of chryzsotile asbestos. Eksp Onkol. 4(4):34-3{

Pylev, L. N. (1980) Pretumorous lesions and {ung and plasral tumors indoced by

isbestos in rats, Syrian golden hamsters znd Macacz nmulattz (rhesus) monkeys. IARLC
Sci Publ. 1(30):343-355.

Rahwean, 4., Das, B. and Viswanithan, P. N. (1953) Biochemical mechanisms in ashssios
toxicology. Environ Health Perspect. 51:299-303.

Reiss, B. et al (1983) Absence of mutagenic 2ctivity of three forms of asbestes in
Iivar epithelial cells. Environ Res. 31(C1):100-10¢.

Robock, X. (1979) Based on available data, cin we project am icceptable standard for
industrial use of asbestos? Absolutely. Ann NY Acad Sci. 330:205-210.

Rogol, P. R., Ryu, J. H. and Ginns, L. C. €1983) Keduced natural tiller cell zativity
in asbestos workers. Am Rev Respir Dis. 1272¢4 part 3):73. -

Rom, W. N. et al (1983) Sister chromatid exchiinge frequency in asbestos workezs. J
Natl Caner Inst. 70(1):45-48.

Rubino, G. F. et a2l (1979) Mortality of chrysotile asbestos workers at the Balangero
Mine, NOrthern Italy. Br J Ind Med. 36(3):1857-1%¢4.

Scansetti, 6. et a2l (1981) Pleval mesothelioma 1fter a shortt interval from first
exposure in the wine filter industry. Am J Ind Med. 5(4):325-339.

Schenker, M. B., Carshick. E. and Speizer, F. Z. (1984} A case control study of

incident mesotheliomi deaths among railrecad workers. Az Rev Respir Dis. 12%(4
suppl):Al1dé.

Seidman, H., Selikoff, I. J. and Himmond, Z. L. (1979%) Short-tarm asbestos wark
txposure and leng-term observation. Amrn KY Acad Sci. 238:61-90.

Seidman, K., Selikoff, I. J. and Hammond, S. C. (19823 Mortality of brainm tumers

among asbestos insulation workers in the United States ind Canada. Ann NY Aczé Sci.
351:160-171.

Selikoff, 1. J., Churg, J. and Hammond, I. C. (1784) Clissics in oncology: Asbestos
szposctre and neoplasia. CA. 34(1):45-5¢.

Selikoff, I. J., Hammond, L. C. and Seidzmaz, H. (1950) Latency of asbestos disexse
among insviation workers in the United States and Canada. Cancer. 46(12):2736-2740.

Selikof{f, 1. J., Hammond, E. £. a2nd Seidman, H. (1579) Mortality experience of

insuiaztion workers in the United States ind Canadz, 1943-1%74. Ann NY hcad Sci.
3306:91-11¢.

Selikeff, I. J., Lilis, R. and Nicholsen, W. J. (1979 Asbestos diseass in United
States shipyards. Ann NY Acad Sci. 230:295-3:1%. :

Selikef{. I. J., Seidman, E. zn¢ Hammonc, T. {. (19E0) Mortality effects of cigarete
smoking among amosite asbestos {actery wezrezs. JNIZI. €%3(023:507-5:12.

Selicif I J. (1%E1: Censtiraints :7 eci:mz':ing c2=%patichil contributions ts cgrram-
canzer mertality 1r the US2: Baabucsy Repzors §:3-LE



ST
i -

148,

149.

150.

151.

152.

133.

154.

18S.

156 .

157.
158.

159 .

140

162,
163

164,

145 .

ite

Stanton, M. F. et 2l (1981) Relation of particle dimension to carcinogenicity im
amphibole asbestoses and other fibrous minerals. INCI. 67{5):945-925.

Stevens, J. B. et al (1984) Asbestos metzbolism in-vive. Am Rev Respir Bis. 129(§
suppll:A148. .

Stunphiué, J. (1979%) Mesothelioms incidence in a Dutch shipyard. Ann NY krvad Sei.
330:317-322. :

Szyba, K. and Lange, A. (1982) Effects of asbestos on benzo{alpyrene nnfagzni:ity.
Mutat Res. $7(3):227-228.

Taylor, R. A. and Johnson, L. P. (1981) Mescthelioma: current perspectives. West J
Med. 134(5):379-383.

Teta, M. J. et 3l (1982) Occupational asbestos sxposure and mesotheliomz im
Connecticut USA. "Oceupational Iung disease™ edited by Gee, JB et.al..

Raven Press,
New York:24%pp.

Teta, X. J. et al (1983) Mesotheliomas in Connecticut, 1955-1977. Occupatiomal and
geographic associations. J Occup Med. 25(10):74%=-75¢.

Thomas, H. F. et 3l (1982) Further follow-up siudy of werkers from an asbestos cement
factory. Br J Ind Med. 39€3):273-236.

Topping, D. C..and Nettesheim, P. (1980) Two-stige circinogenesis studies with
asbestos in Fischer 344 rats. JNCI. 45(23):627-430,

Topping, D. C., Nettesheim, P. and Martin, D. H. (1980) Torie and tumorigemic effests
of isbestes on tracheazl mucosz. J Environ Pathol Toxicol. 3(5-6):261-27%.

Valerio, F. et al (1983) Chromosomz! aberrations induced by echrysotile am@
crocidolite in human Iymphoeytes in wvitro. Mutat Res. 122(3-4):397-402.

Vicent, J. K. et al (1581) Statiec electrification ¢f zizdorne asbestes: =z sindy of

its ciuses, assessment and effects on deposxtzon in the lungs of rats. Am Iad Hyg
hAssoe J. &2(107:713-721%.

Vagnez, 4. €. (1579) Diseases associted with ezxposure to asbestos dusts. -
Practitioner. 223(1333):28~33.

. Wagner, J. C. (1982) Zzperimental studies and the pathelogy of asbestos imduced lung

€isezses. Areh Immunol Ther Ezxp. 30(3-4):221-22.

Vigner, J. ¢, Berry, G. and Pooley, F. D. (19€2) Mesotheliomzs ind asbestas type in
esbestoc textile workers: 2 study of lung contents. Br Med J. 285(6342):603-404.

Wagner, J. (., Berry, G. and Pooley, F. D. (1980) Carcincgenesis and mineral fiders.
Br Med Bull. 36(1):55=-5¢.

Viagner. J. C., Berry, G., Skidmore, J. V. and Pooler, T. D. (1980) The conpaTative
gffacte 0! three chrysétiies by imjectior zmnd imhalation in rats. 1ARC Sci Puobl.
1II01363-372.

Vagne:, J. € , Griffithe. T Y. anc Eill. ®. J. (1984 The effect of fibre cige or
the :n vivo activiiy ¢f UIZI 2rozidelite E: & CZianzer 4§9(4):453-45¢ .

Wazzgne:r M ¥ C1%i{ impuncicsy and asbesics LARD S52: Pub!. 1(230:22%%-2%:

B-12



167.

168,

169 .

170.

171,

. Voitowitez, H. J.

WVagner, M. M. and (1983) HLA-A and B antigen frequencies and nesothelion;-ii
relation to 2sbestos exposure. Br J Cancer. 48(S5):727-730.

Walker, A. M. et al (1983) Projections of asbestos related disease 1980-2009. J Deen._
Med. 25(53:409-425. )

Varnock, M. L., Kuwahara, T. J. and Volery, G. (1983) The relation of asbestos burden
te asbestosis and lung cznecer. Pathol Annu. 18(pt 2):109-145.

Whitaker, D., Shilkin, XK. B. and Walters MNI (1984) Cytologic and tissue cultcre
characteristics of asbestos induced mesethelioma im rats. Acta Cytol. 28(2):1B5-18%.

¥inkler, G. €. and Ruettner, J. R. (1982) Penetration of asbesteos fibers in the

viscaral peritonevm of mice 3 seanning electron microscopic study. Exp €Cell Biel.
S0{4):1B87-194.

. Woitowits, H. J. et 3l (1982) Asbestos related diseases in West Germany. Areh Immumsl

Ther Exp. 30(3-4):143-144.

et a1l (1981) Asbestos-related diseases-inm the Federal Republie of
Germany. Am J Industr Med. 2(13:71-78.



.JwEDS‘r‘,‘:’
UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
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OFFICE OF
RESEARCH AND DEVELOPMENT™

Mr. William V. Loscutoff, Chief
Toxic Pollutants 3ranch

Re: Asbestos

California Air Resources Board
P, 0. Box 2815

Sacramento, CA 95812

Dear Mr, Loscutoff:

A copy of your reaquest for information regarding asbestos, datad
Jecember 7, 1984, has been forwarded to my office. The Office of Health
and Environmental Assessment has published a document entitled, Asbestos
Health Assessment Update. The document is a First External Review Draft,
dated February 1984, and we plan to revisa it later this year. Unfortunataly,
we have run out of copies, but the document is available from:

Nationa] Technical Information Servfce
5285 Port Royal Road
Springfield, VA 22161

The order number is PB-84-186832,

_ I hope the information will be useful to you. If you have questions,
please feel free to call me at 202/382-7345,

Sincerely yours,

Marie C., Pfaf

Technical Information Staff
0ffice of Health and Environmental
Assessment

\‘ PEEEETLINRAN . B-14
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Ford Motor Company

The American Road
Dearborn, Michigan 48121

February 18, 1985 .

Mr. William V. Loscutoff, Chief

Toxic Pollutants Branch

Re: (Cadmium and Asbestos

California Air Resources Board o
P.0. Box 2815

Sacramento, CA 95812

Subject: Response to Mr. P. D. Venturini's Requests for Information
Regarding Cadmium and Asbestos

Dear Mr. Loscutoff:

The Ford Motor Company has not undertaken indeperdent scientific studies to
evaluate the health effects relating to either cadmium or asbestos.

Rather, the Company quantitatively measures the ambient concentrations
within the plant environments of regqulated and suspected toxic air
contaminants. These concentrations are evaluated with respect to the
current Occupational Safety and Health Administration permissible exposure
1imits, National Institute of Occupational Safety and Health recommended

standards, and American Conference of Governmental Industrial Hygienists
Threshold Limit Values.

We regret that we are unable to submit information pursuant to your
inquiries concerning health effects but we would like to continue to -

receive information on your progress in regulating toxic air contaminants.-

‘Yours iru]y,

F. P. Partee
Principal Staff Engineer
Air/Noise Compliance

Stationary Source Environmental
Control Office

10:DKJ7/L
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DEPARTMENT OF THE ARMY
U.S. ARMY ENVIRONMENTAL HYGIENE AGENCY
ABERDEEN PROVING GROUND. MARYLAND 210105422

JAL 30 985 ..

REPLY TO
ATTEMTION OF
Cccupational and Environmental
Medicine Division

William V. Loscutoff

Chief, Toxic Pollutants Branch

California Air Resources Board -
P.C. Box 2815

Sacramento, California 95812

Dear Mr. Loscutoff:

This Agency does not have data on asbestos per your
request.: However, we are aware of a document on the health
effects of asbestos which you may want to review, The title
is: Asbestos - An Update of Epidemiology and Pathology since
1976. This document was published by the USAF Cccupational
and Environmental Health Laboratory, Aerospace Medical Division,
Brooks Air Force Base, Texas in February 1984. 4 COopy cCan
be obtained by requesting report number 84-125C011BOB from
either the National Technical Information Service or the
Defense Technical Information Center.

. Any questions concerning this reply snould be directed
0 Major Robert W. Petzold, M.D. at telephone number 301-671-2464,

Sincerely,

zén/‘zﬁéz~‘?:)ta,éé;ﬁhalécJT;_
cel C. Gafdos

Colonel, Medical Ccrps
Director, Occupational and
Environmental Health
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A '. ASBESTOS INFORMATION ASSOCIATION
T

NORTH AMERICA

.
el

S~y

1745 Jefterson Davis Highway., Crystal Square 4. Suite 509 ‘/
Arlington Virgima 22202 e {703) 879-1150

o5

January 17, 1985

&

William V. Loscutoff, Chief . \
Toxic Pollutants Branch '

Re: Asbestos

California Air Resources Board

P.O. Box 2815 .
Sacramento, CA 95812 ' -

Dear Mr. Loscutoff:

I am writing in response to the Air Resources Board's request
for information regarding asbestos. I have had the opportunity
to review the ARB's bibliography and to discuss the program
with Mr. John Batchelder. The greatest omission in the ARB's
bibliography appears to be in not listing a number of large,
overview studies of asbestos which are valuable for their scope
and for the many individual references assembled in them. I

would, therefore, recommend that the ARB collect and consider
the following studies: ‘

Acheson, E.D., Gardner, M.J. (1983) Asbestos. The Con~

trol Limit for Asbestos. Her Majesty's Stationery Office,
London.

British Advisory Committee. (1979) Asbestos. (The Simpson
Report). Her Majesty's Stationery Office, London.

CPSC. (1983) Chronic Hazard Advisory Panel on Ashestos.

U.S. Consumer Product Safety Commission, Directorate for
Health Sciences.

Report of the Royal Commission on Matters of Health and '
Safety Arising from the Use of Asbestos in Ontario. (1984).

On the issue of ingestion of asbestos, there is a recent animal
biocassay from the National Toxicology Program:

NTP. (1983) Lifetime carcinogenesis studies of amosite

asbestos in Syrian golden hamsters. NIH publication
number 84-2505.

B-17



Page 2

I am also enclesing a copy of the EPA's Tresponse from the December
19, 1984 rederal Register regarding the use of asbestos in brakes.
Mr. Batchelder noted that this is one area which mav be a concern
of the ARB.

Finally, I am enclosing a copy of a paper by Wagner and Elmes en-
titled "The Mineral Fibre Probilem, " As the use of asbestos de-
clines, the use of other fibrous materials increases- The Wagner
and Elmes paper cautions, on the basis of animal and human evidence,
against the indiscriminant and uncontrolled use of these fibrous
materials. The purpose of sending this paper is to make the point
to the ARB that these fibrous materials constitute an area of in-
vestigation which has received scant attention, as oppossed to
asbestos, which has been very thoroughly studied and regulated.

Yet another survey study of asbestos, as is presently contemplated
by the ARB, has a certain aura of "reinventing the wheel” about it,
whereas, with the exception of the Danish government, there has not
been a regulatory body which has addressed the issue of fibers
generally.

I would appreciate being kept informed of the progress of this
project of the ARB, and if there is a mailing list established,
please include my name on it. If I may be of any assistance,
Please feel free to contact me.

Very truly yours,

.\. .\ \ 38 ".(\.

\\ngs\c~\\=>§§g N
INIRNT AL .

N **}\h\\\
Nicholes J. H®luchyj, EsgQy.
Government Affairs Councit-
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Fedoral Register | Val. 49, N

o. 245 | Wednesday, December 18, 1084 / PmpOIéd.Ruhl

;

art 763.
1015; TEHFRL 272081

5 hupom to Clitizens’

Environmental Protection
EPA}.

Response to Citizens' Petitlon.

¥: The Environmental Protection
{EPA) Is granting s petition filed
ction 21 of the Toxie- - ~-
ces Control Act (TSCA) by the
Resources Defenss Council. inc.,
bit the use of asbestos in
sile and truck brakes. EPA has -
1cad sn sppropriate proceeding
»gs the risks which may be posed
use of asbestos. « s -
ubmit written comments oo or
March 18,7085 ' '
s8: Submilt written comments in
te identified by the document
number {OPTS-211015) to: TSCA
information Office (TS-783}.
of Toxic Substances, ' )
nmental Protection Agency, Rm.
401 M. St., SW., Washington. D.C.

3py of the petition and related - -
1ation {with any confidential

»ss information deleted) is located
om E-107, Environmental ~
stion Agency, 401 M St SW., -
ington, DC 20480. ~° 3

s meterial is available for viewing
opying from 8 a.m. to 4 pm-,

lay through Friday, excluding legal
ays. :

TURTHER INFORMATION COMTACT: -
ard A. Xlein, Director, TSCA - .~
stance Office (TS-799), Office of -
¢ S.ubstanoes. Environmental -
sction Agency. Rm. E-543. 401 M St.
. Washington. D.C. 20480, Toll-free:
424-9085), - o
7ashingion, D.C: {554-1404). ' °
side the USA: (Operator—202-554-
{04}, AN
PLEMENTARY INFORMATION  ~
troduction R

ection 21 of the Toxic Substances .
wrol Act (TSCAL 15 U.S.C. 2620,. .
vides that any person may petition
Administrator of EPA to initiate a . |
ceeding for the isspance. | "L
endment, or repeal of a rule under.
<ous sections of the Act. EPA may
id a public hearing or may conduct an
pror ‘7te investigation to determine

et he petition should be granted.

‘A must either grant or deny the .
tition within 90 days. If EPA grants
¢ petition, EPA shall promptly

s/mmence an appropriate proceeding. I
>A denies the petition, the feasons for

»nial must be published in the Federal
egister, and the petitioner may

commence a civil sctien in 8 district
court of the United States to compel
EPA 10 Initiate & rulemaking proceeding
as requested in the petition. Any such
civil sction must be filed within 60 days
after EPA's denlal of the petition or.d
EPA falls to grant or deny the patition
witbin 90 days after the petition is flled.
within 60 days following sxpirstion of
the 90-day rasponss period. . -+
It Evalustion of the Petition o
A Introduction. 37 - .
. . UERE Y R ~ L.
On September 12, 1084, EPA received
a petition from the Natural Resousces’,
Defense Council, Inc. (NRDGS, - - .
requesting that EPA prohibit the further
use of asbestos tn sutomobfle and truck
brakes under section 8 of TSCA. The
petition requested & rohibition of
asbestos in both brakes for new cars
and trucks and in replacement brakes
for existing vehicles. The petition argued
thst the risks posed by asbestos la
brakes are unreasonable and 1.7 B
economically and technically feastd
substitutes are available. ~»= =~ -
in order to promulgate any rules under
TSCA section 8, the Agency must .
wmﬁe’r‘r‘x\umberd—kémmdudin&
among othér things, the effects ofr -
chemical substance on human health
and the magnitude of exposuresthe
benefits of utilizing the substance: and
the availability of substitutes for the use
or uses of the substance being ansessed
15 U.S.C. 2605{c}{1). The Agency has
conducted a review of the available
information pertaining to the ise of *
asbestos in brakes. Including the
information in NRDC's petition. A" °
summary of that review, {ncluding an
evalnation of the risks posed by this use
_ and the svailability of substitutes, ]
presented below. :

B. Risk Presented by Asbestos .~
Asbestos is 8 demonstrated ‘human
carcinogen that causes lung cancer and
mesothelioma (a cancer of the chest and
abdominal linings). a3 well as other lung
disorders. People are exposed to . .
asbestos throughout the life cycle of the |
substance—when asbestos is mined,
milled, pmesseijnbrjcaled into . °
{ndustrial and consumer products, and _
when thosé products are used, repaired,
and disposed of. " . .. Cat
With regard tothe use ol.asbestos in
brakes, [t has been estimated that about
2,750 people are potentielly exposed
during primary manufacturing of brake .

friction materials, and that aboyt $50.000 -

people are potentielly exposeg ta , - -
asbestos dyring servicing and repairol .
vehicle brakes {Rel. 8). ¥t example, -
persons in brake service and tepaif
shops typically are exposed to asbestos

B-19

whea dust ¥s blowa owt of braks drums
be(ninphced‘ when brake Tinings are
roughened to inavase hiktion
properiims. and when brake shoes orv
relined.

Use of asbestos in vehicle beakes ey
«ls0 result in Incressed asbestas Bber
concentrations tn the ambilent ale. For
example. EPA bas evidence that moto?
vehicle braking most Hkaly contribetes
between 0.23 10 1.3 percent of e
copcentration of ssbestos In the ambicnt
air (Rel. 7). Both general thon 104
workplace exposures to asbestos fibers
from ity use In beakes may result i an
increased number of asbeston-related
Ulinesses, inchuding cancer. - °
C. Avoilobility of Substilutes ’

The petitioner asserts that - ‘
cconomically and technicaily feasi
substitutes, most peominently
semimetallic friction materials and
aramid fibers, are available to replace
asbestos io brakes. EPA has analyzed
the avallability of sebstitutes for meny
asbestos producls, including brakes.
that analysis is sums
Appendix A of the “Regulatory Impact
Anslysis of Controls on Asbestos

Pro@ncb“ (Ref. 2} which is included in
the public record ‘established for
NRDC's section 21 petition- EPA
acknowiedges that new substitutes for
asbestos use iy brakes are being
developed and that EPA's i .
{(summasrized below) may aot include
recent developmends.

1. Heavy vehicle brake Blocks. Brake
blocks are components of brakes that
are riveted or bolied to the {msides of
brake shoes to provide protection

* against the best and wear caused by

braking, Heavy vehide brake blocks are
used on heavy duty trucks, buses, and
other heavy duty vehicles.-Aboat 34
percent of all asbestos used in brakes is
in this category of ase. Asbestos heavy
vehicle brake blocks sccount for about
percent of the market for heavy
yehicle brake blocks.” .
." Until recently. the only eommercially
avallable substitute for asbestos heavy
vehicle brake blocks was a semintetallic
brake block using ‘brau_qnd ginc chips
in an organic binder. 7t &5 not ‘considered
as good as asbestos because it performs
arratically at diflerent temperatures. Ris
also considered inferior to the asbestos
brake block in resisting wear and

minimizing brake fade. Recently. aramid -

fiber products. such as Keviar, bave
been 0 but aramid fiber
products are now more expensive than
asbestos products, and there fs pot -
sufficient evidence lo determine

. whather aramid fiber products will be as

effective as asbestos in this application
Information suggests that soch products
may tast longer than asbestos-based

PRVl UE 48 g

s




ducts. but verification of this « -
wmation as well as lnformation ee
= and eflicacy of the products sre
ded before EPA can determine -
~ther continued use of asbestos tn
Ae blucb prements an ynreascnable

mdmadfumwbxckh-
ko Drumn brake li
3u of Eiction maderials whi
nd-hhhwhn&u.!nh.
:muo b= dlllub;un-dh

s cxirgory of ase. Light

dchuhom&mhhu‘-m
used im both the frontand e - ¢
ke of Bght and medinm wehicles, - .
narily on the froot wheels. Howeves.
»t passenger vehicles still see drus
keénhmm&nmwbuh.m
st 90 pescent mmw
- still asbestos.

Jutil recently the caly substitutes for
restos brake linings which lpp:lnd
:ave any pot  were semimetallic
‘Howsever, these products
eraturen, Tocke: and trochoce mors
1pentnres. £ more
se than asbestos-based More
ently, brake Dnings made 1 .
irnid fiber have been: dmhped.
wever, these are mors expensive
m the asbestos product and there I
! currently enough informefion .
nliﬂi 1o judge the perdormanceof
umid fiber brake inings. Furthermore,
A’s evidence ind'u:ales that !arge
lume production of aramid :
ikes may require substantial retooling
brake manuafacturers. Therefore,
ymid fiber brakes may naot be
ailable in mbs(mbai qunnﬁh‘la fw
seral yeara.
). Hegvy ve.hz:k&:bm&e pa&.
sc brake pads are steel phulnad
th frictios materials which rub a
otoe. Heavy sehicles rarely nee dise
akes, About 0.1 percent of all asbesios -
ed in brakes i» in this category of use.
Semimetallic disc brake pads 'l:-n
out 20 percent more ve
e asbestos diac hakcm they
3t about 30 percent longer. The -
e o e brake pady are nat
ered to
placements for asbestos disc brake
«ds for heavy vehicles becange -
mimetailics perform better than '
bestos only in hosfile, high-frictfon,
gh-heat environments.
A.Lw‘:landmecﬁum velicke disc - -
ake pads. These are the same as disc -
ake pads for heavy vehides, except

ey are smaller. About 20 percent of alf

bestos used In brakes is in this- -

tegory of use. In the disc brake -~ - -

arket, semimetallic brakes have

ready made larger inroads, and as In

¢ drum brake linings market, aramid- -
wed brakes are just beginrring fo be -
troduced. Approximately 50 percent of

dives Drakes in the oﬂxinll squipment
murket are ashedtos and 30 percent are
semimeteliic. In the replacement brnlcs
wlier-market approximately 20
of disc hrakes are ashestos & !’
percent are semimetaliic

Semimetallic disc beakes cost -
approximately 3 times as much sa the
asbestos disc braks pads, bept they lnst
about 40 percant longes than the -
asbestos pads. Scmimetallic disc benke

cannot substitute for asbesios disc

power. EPA
the um!mhll!c braku are :ﬂzhtly
inferfor because the user has to puah :
harder on them before they are warmed
up to get the same performance as with
asbestos brakes.
EPA is aware thet a good denf of
ptodwt research is being dope te 7
develop effective sulistitutes far -.
asbesios in brakes. EPA Is uzhm
additional in’omnﬂnann mhsﬁhdm for
asbestos in brakes. -

L. Conclusion . -

EPA has dec!ded to'grant NRDC's
petition becoase the Agencybeﬁev
that the use of asbestos in brakes does
present risks $0 buman hesith EPA is _
Initiating a proceeding to gather
information on the dumbilny and
feasibility of reducing risks associated
with the uie of asbestos in brakes. EPA.
will analyze the exposure fromi uses of
asbestos, the risk presented by those
uses, and the sgbsiftutes for such nsex.
EPA will also gather information of the
price, efficacy, and svaitabirty of
snbsﬂhlel for asbesion in brakes. After
analysis of this iInformetion, EPA ‘n‘ﬂ
determine what further action is*
appropriats to address the risks wbldl
may be posed by this use of asbeston.
Based on infarmation reviewed 1o
date. EPA is ot prepared to make sn
unreasonable risk finding foran -
immediate ban of all uses of asbestos in
brakes at this ime. Effective substitutes
may nol be available for certain’ .
applications of asbestos in braktes and
uubadmlzznfor other applications are aot -
available In sufficient quantity because
of limited production capacity. Retooling-
may be required to make substitutes -
available in }arge yolumes. - .. .. -
‘The Agency inviles the pub!!c'to
submit comments og issues relsfing to -
the petition. EPA is
interested in receiving information on
both the current availability of
substitutes for asbestos In brakes and -
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on mwlsubb:mu:‘o products ‘;_l;-.t :: .
currentl eveloped. QNCYy
has sn :ngol‘:: workgroup, which will
review these comments, will continue W
Investigste the lvdl&bﬂl?ﬂ dbcuw
asbostos-frea subatitules
vehlcl;::aku. and consider &‘ m
sppropriate options te addross
presented by asbestos in bnhl. -
IV.Record * "~ ‘

EPA bas establishad & record foz
information rel fo the NRDC

ncludes
lorrs?:; W byEPAm
develop respanse
the following cnzgorln of Infurmnhon.
B Ao A "Reguhlo
'y
ppen Y

‘Impact Anatysis of

Asbestos Products.”

{3] Other information on substitutes °
for asbestos in brakes. -

(4) Information received from the
public concerning the petition. -

(5) Memoranda summarizing weetings
anghtzlephone mmﬂm with the
[6) Appendix ] of the "Rephloq
Impact Analysis of Centrols on
Asbestos Products.™- - -

{7} Appendix N of the "Regulatory -
Impaci Analysis of Controls oa
Asbestos Products.”

A public version of the record,
without any confidential business .
information, ip availabls o the public in
the Office of Toxic Substances Public
Information Office, from 8 am. 20 4 p.t1.,
Monday through Friday, except legal
bolidays. The Public Information Office
is located in Rm. E-107, 461 M SL, SW.,
Washington, D.C.

Dated: December 14, 1984 - -
William D. Ruckeishaus,

Administrator.
[FR Doc. 84-33120 Filed 12-17-84 1234 pm]
SIANG CODE $580-80-1

and consists of
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FROM:* RECENT ADVANCES IN OCCUPATIONAL HEALTH,

Ed.:

McDONALD, J.C. : : : Code

Churchill Livingstone, Edinburgh, 198);
Pages 1-13.

1. The mineral fibre problem -
J.C. Wagner P.C. Elmes

For many years interest in the biological effect of mineral fibres was mainly confined
to the commercial types of asbestos. Recently many other fibrous minetals have been
recognised as potentially dangerous pollutants of the environment. The majority of
these materials are namrally occurring, others are synthetic. The natural fibres are
cither specifically exploited for commercial purposes or else occur as atmospheric
contaminants which are released during mining or runnelling operations. Industry has
been developing other mineral fibres as 2 substitute for asbestos to meet an increasing
need for cheap and reliable materials for reinforcement, friction products aad
insulation. The latter demand has been emphasised by the present fossil fuel crisis.
Minerals being exploited for a variety of purposes other than insulation and
reinforcement are known to consist of fibres or elongated crystals, for example, some

. clays and some zeolites. Thus, these minerals can be considered under the following

T groups:

1, Asbestos minerals

2. Of commercial value

b. As potential environmental contaminants
2. Synthetic mineral fibres
3. Other naturally occurring fibrous minerals

ASBESTOS

Asbestos of commercial valye

Practically all the knowledge that is available about hazards associated with the
inhalation of fibrous mineral dusts has been obtained in studies of asbestos. Asbestos
consists of six naturally occurring minerals: chrysotile, crocidolite, amosite, anthoph-
yllite, wemolite and actinolite. Chrysotile is 2 member of 2 group of minerals referred
to as the serpentines and is composed almost exclusively of magnesium in combina-
ton with silica. It has a sheet structure which curis to produce hollow rube-like fibres.
The other five are members of one mineralogical group referred to as the amphiboles.
They are very similar in crystal structure, being chain silicates, but they vary in
chemical composition. Crocidolite and amosite are iron-rich varieties, anthophyllite is
2 magnesium rich mineral, while tremolite and actinolite contain a large amount of
calcium together with magnesium. :

The annual world production of asbestos in 1976 was 5 x 10° kg, of which 97 per
¢ent was chrysotile and the remainder crocidolite and amosite. The commercial
production of the other three amphiboles has been on a small scale in the past, but
they are important as contaminants of other minerals and agricultural soil.

Chrysotile is widely distributed, with the largest production from the Ural
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THE mmam FIBRE PROBLEM 3

With the development of more sophisticated techniques it is now obvious that a
correct estimatdon of the number of fibres in tissue or environmental sampies can only
be obuained by examination under 8 transmission electron microscope, otherwise the
large number of fibres of less than 0.5 um in diameter will not be observed. The
crucial quesdon of the amount, size and type of fibre found in tssue which can be
related 1o the discases which will be described later, cannot be stated with confidence
at this stage. In macerated specimens of dried lung 106 fibres per gramme can be
found withour evidence of disease; in cases of asbestosis the count is usually over 103.

With a light microscope seldom less than 250 000 fibres per gramme lung tissue are
found in cases of asbestosis.

2. PLEURAL PLAQUES AND DIFFUSE PLEURAL FIBROSIS

The presence of circumscribed areas of fibrous thickening below the mesothelium on
the lower portion of the chest wall, over the diaphragm or on the pericardium are
characteristic of exposure to fibrous mineral dusts. These plaques may be extensive,
are leaf-shaped, often bilateral and have an irregular embossed surface. They consist
of woven collagen fibres and as they mature become acellular and avascular. This
avascularity leads 1o necrosis and sometimes to the gradual deposition of calcium in
the lesions (Meurman, 1966). It can take 20 years or more for sufficient calcium to be -
deposited for the plaques to become radio-opaque and visible on chest radiography.
Therefore, the plaques are seen much more frequently by the pathologists at necropsy
than by the radiologist. In some cases there is generalised pleural fibrosis, leaving the
lungs en cuirasse completely sheathed in 2 thick layer of fibrous tssue. Unlike

plaques, generalised pleural thickening can restrict the expansion of the hungs and .
cause breathlessness.

3. ASBESTOSIS

Asbestosis is a slowly progressive and persistent interstitial fibrosis of the lung
associated with the inhalation of asbestos dust and characterised by asbestos bodies
and fibres in large numbers in the tssue. If sufficient dust has been retained, the
individual lesions in the alveoli join up until the individual acini become linked in 2
fibrous mesh, the process starting at the base of the lung and gradually spreading
upwards. This process is fairly well established before there is recognition on
radiological or by physiological examination, the latter often being obscured by the
effects of cigarette smoking. If exposure has been sufficient the disease will progress
after the worker has left the industry (Becklake et al, 1979). '

4. CANCER OF THE LUNG

Carcinoma of the bronchus is a frequent cause of death among workers with
radiological evidence of asbestosis (Liddell and McDonald, 1980). The risk of a
cigarette smoking worker heavily exposed to asbestos developing lung cancer is 25 to
50 tmes greater than an age matched non-smoker who has not worked with asbestos
(see J. C. McDonald, 1980). Initially the carcinomas reported in the asbestos workers
were peripherally situated, with adenocarcinomas being the most common (Bucha-
man, 1965). With the increase in cigarette smoking, all types of endobronchial
Tumours are being seen, but the pumber of adenocarcinomas is stil more frequent
than in non-exposed cigarette smokers (Kannerstein and Churg, 1972).
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THE MINERAL FIBRE PROBLEM 5

of fibre; apart from mining areas, purc exposure is rare. South African experience
with crocidolite has been repeated on a smaller scale at Wittenoom in Western
Australia, where mesotheliomas have occurred, both in those employed in the mines
and in the environmentaily exposed population (Hobbs et al, 1980). Nothing
comparable has been reported for chrysotile, amosite or anthopyllite mining. The gas
mask workers investigated by Jones et al (1976) and some of those by McDonald and
McDonald (1978) appeared t© have had 3 pure exposure. Pooley’s analysis of the
lungs of the Nottingham cases also showed significant amounts of chrysotile, but not
more than is found in autopsy material generally. The technique developed by Pooley
(1975) for the identification of asbestos and other mineral fibres in lung tissue is the
most useful method available for identifying individual exposures and the complexity
of the situation gives emphasis to the need for the parailel examination of appropriate
controls. The comparisons made between the fibres in the lungs of the mesothelioma
casas and controls in Britain by Jones et al (1980) when compared with those obtained
by A. D. McDonald (1980) in the United States and Canada has shown that
chrysotile fibres are found in considerable quantiry equally in cases and controls. In
Britain, crocidolite and to a lesser extent arnosite were associated with mesothelioma,
whereas in the USA it was predominandy amosite and less often crocidolite. Selikoff
et al (1972) found a considerable excess of mesotheliomas in factory workers
to amosite but has not reported on the fibre content of their lungs. The Advisory
Committee to the Secretary of Stte for Employment (Health and Safety Commission,
1979) concluded that in the causation of mesotheliomas, crocidolite was more
dangerous than chrysotile but that amosite might be intermediate between the Two.
Experimental evidence has complicated the situation by showing that many types of
mineral fibre can cause mesothelioma. This evidence has come in the main from
intrapleural implantation studies which were initiated by Wagner (1962) and cont-
pued in collaboration with Stanton and Wrench (1972); Pow et al (1972) undertook
similar intraperitoneal investigations. This work has indicated that the size of the
fibres was more important than their nawure. ’

IMPORTANCE OF FIBRE SIZE
The significance of the physical characteristics of fibres in explaining the biological
effects of asbestos was first emphasised by Timbrell (1965). He demonstrated that
diameter was the most important factor in determining whether 2 fibre would be
inhaled. The finer the fibre the more easily would it reach the lung parenchyma.
Later, Timbrell et al (1970) showed that this could be applied to the amphiboles and
that the ultimarte diameter of crocidolite was less than that of amosite. Although the
individual fibres of chrysotile have a diameter less than that of crocidolite, they occur
in 2 woven coil formation, the total diameter of which affects its acrodynamic
behaviour. Thus chrysotile behaves as a coarse fibre and finds difficulty in reaching
the pleural surfaces through the peripheral airways. However, chrysotile fibres in
aqueous solution can divide longitudinally into fibrils which under some circum-
stances are straight and have similar properties to very fine amphiboles. The typical
electron microscopic appearance of asbestos gbres is shown in Figure 1.1.
Calculations and experiments with casts of the lower respiratory tract.showed that
fibres up to 3.0 um in diameter would reach the respiratory bronchioles. The length
of fibres most likely to cause fibrosis would appear to be greater than 10 um (Timbrell -
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THE MINERAL FIBRE PROBLEM -7

- At this stage we must assume that all mineral fibres of similar size range are
potentially hazardous to man, whether of asbestos or other type.

Asbestos minerals as poteatial eavironmental contaminants
Under this heading the following situations will be considered:
1. asbestiform minerals contaminating banded ironstone
2. tremolite as a contaminant of other mineral deposits

3. possible contamination of agricuttural soil.

Asbestiform minerals contaminating banded ironstone .
Although it has been known for many years that banded ironstone deposits frequently
. contain small seams of fibrous silicates, occasiopally the fibrous deposits are large,

apd may then be the source of amphibole asbestos as exploited_ in South Africa and
Australia. Other deposits occur which are of no commercial value, for example, there
are the raconite fibres in the Mesabi Range on the shores of Lake Superior. Although
it has been shown that iron ore mining in this region is causing both contamination of
thcaunosphereandthewaerofthchkc,noevidmceofahzzardtomanhasbem
established. All the fibres are below 5.0 um in length. In a large South Dakota goid
mine the- ore-bearing rock was cummingtonire — grunerite (a close relation of
amosite) and some fibres were found in the dust. It was suggested that these fibres
were associated with an increased incidence of carcinoma of the lung, but these
findings were not confirmed by the investigations of McDopald et al (1978).
Nevertheless, the possibility that hazardous fibres may sometimes be released from
iron deposits in the vicinity of amphibole mines remains.

Tremolite as a contaminant of other mineral deposits

The fibre dimensions of tremolite vary even more berween deposits than the other
amphiboles. A coarse flake-like tremolite occurs as a contaminant of talc in California;
this marerial does not cause mumours when implanted intrapleurally in rats, and there
is no published evidence of disease among the miners. A coarse fibrous tremolite is
found as a contaminant of the chrysotile deposits in Quebec Province in Canada. This
fibre has been found in the lungs of miners and millers from these mines (Pooley,
1976); whether it plays any part in the etiology of pleural plaques and pulmonary
fibrosis is still uncertain. In the talc mines in the northern part of New York State
there is contamination by a finer fibrous tremolite, and a few mesotheliomas and
carcinomas of the lung have been reported among the miners (Kleinfeld et al, 1967).
Practically pure tremolite of 2 coarser type has been used in Eastern Turkey for
stuccoing houses. Yazicioghu (1976) found 2 significant incidence of pleural plagues
among the inhabitants. Tremolite with very fine long fibres has been mined in South
Korea (see Fig. 1.1); this fibre has been shown to produce a high incidence of
mesotheliomas in experimental animals. We have been informed that the mining
operations have now been suspended because of suspected cancer among the workers.

Possible contamination of agnicultural soil
A further source of fibrous mineral exposure only recently appreciated, may prove of

consequence. Evidence is still fragmentary, and the only confirmed situation is in
Bulgaria, where Burilkov and Michailova (1970; 1972) found pleural plaques in
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ROCK WOOL

Fig. 1.2 Electron micrographs of synthetic
vitreous fibres : :

GLASS FIBRE (CODE 100)

B
10 um

particularly on factory floors, and occasionally for agricultural and pbarmacesutical
purposes. Information is scanty concerning the size and shape which particles of these
fibrous minerals assume under a range of potentially relevant natural and artificial
conditions; nor is much yet known about their biological activity in various in oitro
tests. Animal experiments have been recently initiated in which sepiolite and
antapulgite fibres are inhaled or implanted intrapleurally; the results will not be
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TURKISH FIBRE ERIONITE FROM USA

i"l_x. 13 chmicomhso{dispusedmplao{symhedcmdmmnﬂymuﬁn;ﬂbmm
erionite - . :

To date, synthetic substitutes for asbestos (the man-made vitreous and ceramic
fibres) do not appear to have caused lung fibrosis, lung cancer or mesothelioma in
man. However, animal experiments indicate that it wouid be unwise to create
materials which include fibres smaller than 0.5 um in diameter if the risk of
mesothelioma is to be avoided.

Experimental work suggests that both synthetic and natural non-asbestos mineral
fibres of less than 0.5 um in diameter and greater than 8§ ym in length may be
bazardous. Some fibrous clays have aiready been shown to cause mesothelioma
experimenuaily while epidemiological evidence suggests that fibrous erionite may well
have been responsible for a very high incidence of mesotheliomas in man.

Changes in industry and commerce are leading to human expostre from a varicty of
natural and synthetic mineral fibres. Further research is urgently needed to avoid
replacing the hazard of asbestos with others as serious.
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- OCAW

Qil, Chemical & Atomic Workers
International Union, AFL-CIO -

Joseph Misbrener, Pres:dent aad !
Michas! Ricigliano, Secretary Tressurer
L. Calvin Moore, Vice Prasident

Robart E. Wages, Vice Prasident

Internationai Otfices
255 Union Bive.. Lakewood, CO BO22B
303/987 2229

Mail .0, Box 2812, Denver, CO 80201

December 17, 1984

Peter D. Venturini, Chief

Staticnary Source Division

State of California _ -
Air Resources Board
P. 0. Box 2815
Sacramento, CA 95812

Dear Mr. Venturini:

Reference is made to your recent reques: for information regarding
Asbestos.

Please be advised that we have no additional information or materials
that you do not already have. Thank you for your inquiry.

Yours truly, /q

0 n dMV«/

Dan C. Edwards, Director
Health and Safety Department

DCE:pl

cc: R. Wages, Vice President
J. Foley, Dir Dist. # 1
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DEPARTMENT OF HEALTH AND HUMAN SERVICES 6’96 .

DIVISION oF HEALTH SERVICES _,——""? /

COUNTY OF MARIN

HALL OF JUSTICE
CIVIC CENTER T T

SAN RAFAEL , CALIFORNIA - V/
PHONE 499-6879 Rt V{7
— P R 0 o~
3 E I e / .‘/ {‘.-
December 13, 1384 Y,
o
™ A
L;EC it

Peter D. Venturini, Chief
Stationary Source Division
Air Resources Board

Siansoay Souris
DiAsion
Ajr Qesourcae Board

1102 Q Street
Sacramento, CA 95812

Re: Your letter 12/7/84 requesting Information Regarding Asbestos

Dear Mr. Venturini:

This is not a response to your request, but is a heartfelt plea for clarity
and accuracy. In accord with the dictum, '"Do no harm,' bureaucratic agencies
should strive always not to pollute the English language.

Asbestos cannot be a 'toxic air contaminant,” not even if Ronald Reagan and
the Congress say it is. Asbestos is not a toxin. 1§t is not even a poison.

Here is Dorland's Medical Dictionary definition:

TOXIN -- A poison; frequently used to refer specifically to a
protein or conjugated protein substance produced by
higher plants, certain animals, and pathogenic bacteria
that is highly toxic for other living organisms. Such
substances are differentiated from the simple chemical
poisons and the vegetable alkaloids by their high
molecular weight and antigenicity.

Now that we have moved into the era of industrial toxins, we are merely
adding chemists to the list {plants, animals, bacteria) of things that pro-
duce toxins. We should not be changing the meaning of the root word.

Asbestos is virtually inert in all the forms you mentioned. It cannot be a
toxin. It is not even a ‘‘simple chemical poison."

Look at the confusion and tremendous cost engendered by bureaucratic and
media repetition of the phrase ''deadly toxic PCBs.'' PCBs are not deadly --
they were handled quite casually by thousands of workers for many years,
with no reported deaths, just chloracne. Heither are PCBs toxic, being
relatively inert, like asbestos. There is absolutely no reason for any per-

son to react with fear to the presence of small quantities of PCBs in urban
soil. '
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All that | say here is not meant in any way to lessen the legitimate concerns
this society must have for keeping harmful, potentially carcinogenic (or
mutagenic, or teratogenic) substances out of the dir we breathe (1ike micro-
scopic asbestos fibers) and out of the food we eat (like bioconcentrated
PCBs), and out of the water pipes.

My plea is only for accuracy and preservation of the language upon which
accuracy depends.

With accurate thinking it becomes obvious that a PCB-filled transformer atop

a pole is no more dangerous than a room filled with polyvinyl furniture where
people smoke cigarettes. Ignition of either one will seriously endanger fire~
fighters or anyone else who might breathe the smoke. And the same is true

of encapsulated asbestos. Yet this society spends billions of dollars clean~
ing up certain PCB ~ contaminated soils that don't need to be ''cleaned up,"
and removing ashestos materials that don't yet need to be removed. The re-
moval itself generally causes more danger to workers,_ the public, and the
biosphere than would exist if the material were left alone.

It seems to me that both public and private funds should be spent more wisely
in working toward a total prohibition of continued corporate contamination of
the earth, air and water that make up our common heritage.

Sincerely,

' -~
2 S
Theodore D. Hiatt, M.D.
Marin County Health Officer
TDH: jm
CC: William V. Loscutoff, Chief

Toxic Pollutants Branch
California Air Resources Board

Assemblywoman Sally Tanner
Senator Ralph Dills

Alex Kelter
Dept. of Health Services

David Howekamp
EPA Region IX

P.S. DHEW Publication Number (NIH) 78-1681 May 1978 **Asbestcs: An informa-
tion Resource' has a bibliography even more extensive than the one

supplied by you. There are few, if any, hazardous substances more
extensively documented.
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STATE OF CALIFORNIA

AIR RESCURCES BOARD
1102 Q STREEY
P.O. BOX 2815
SACRAMENTO, CA 95812

January 7, 1985

Theodore D. Hiatt, M.D.

Marin County Health Officer

Department of Health and Human Services -
Hall of Justice - Civic Center ‘ -
San Rafael, CA 94903 '

Dear Dr. Hiatt:

Thank you for your letter o7 December 13, 1984, responding to our requesti for
information regarding asbestos. With respect to the question of whether or
not asbestos can be a toxic air contaminant, we are constrained to follow the

language of California Health and Safety Code Section 359655, which includes
the following: . .

%, ..toxic air contaminant means an air pollutant which may cause or contribute
to an increase in mortality or an increase in serious illness, or which may
pose a present or potential hazard to human health." Substances which have
been identified as hazardous air pollutanis pursuant to Section 7412 of

Title 42 of the United States Code shall be identified by the state Alr
Resources Board as toxic air contaminants {asbestos has been so identified
pursuant to the cited U.S. Code). in addition, the intent of the legislation
establishing our toxic air contaminant program was to protect the public from
Y, ..the emission into the ambient air of substances which are determined to be -
carcinogenic, teratogenic, mutagenic, or otherwise toxic or injurious to
humans . *

Although the definition for a toxic air contaminant may be inconsistent with
the definition of toxin found in a medical dictionary, I do not believe that
the intent, as stated in the statute, is in disagreement with your concerns.
The intent of the law is to protect pudblic health. ' )

Please be assured that I share your concern with proper usage of the Znglish
language in government work. Thank you again for your letter. If you have
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Theordore D. Hiatt, M.D. ' -2- January 7, 1985

any further questions concerning our toxic air contaminant program, please
feel free to contact me at (916) 445-0650 or Hilliam Loscutoff, Chief of the
“-Toxic Pollutants Branch, at {916) 322-6023.

Sincerely,

o’
Peter U. Vemcurim et
Stationary Source Division

cc:  W. Loscutoff
Assemblywoman Sally Tanner -
Senator Ralph Dills
Alex Kelter, DHS
David Howekamp, EPA
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Appendix c

‘Emissions Calculations*

*Sample calculations in this Appendix contains more significant figures than
were used in the Part A of the report. All differences between estimates
here and in Part A are due to rounding.



Asbestos Emission Calculations
for Mining and Mflling, 1984

Mining

Process Rate

In 1984, 57,308 tons of asbestos were produced; 36,000_tons by Calaveras
Asbestos and 21,308 tons by KCAC Corp. (formerly Union Carbide Corp.)

Mining emissions from Calaveras Asbestos:
Process Rate: 36,000 tons asbestos produced
Emission factor: 5 1b/ton at 50% control

Emission Factor at

50% Control
Drilling & Blasting 2
Loading 1
‘Hauling 1
Unloading 1
Total 5 1b/ton

36,000 tons (5 1b/ton)
Emission = ——memmcaenaa S = 90 tons
2,000 1b/ton
Mining Emissions from KCAC Corp.

Process Rate: 21,308 tons asbestos produced

Emission factor: 3 1b/ton at 50% control from the following

activities only: loading, hauling and unloading
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For 1984, KCAC obtained its ores from existing stockpiles. Mining is
done every 2 or 3 years by stripping material -from the asbestos deposit
with push scrapers; no drilling or blasting is required.

21,308 tons {3 1b/ton)
Emissions = -—— --- = 32 tons
2,000 1b/ton

Total Mining Emissions = 90 tons + 32 tons = 122 tons

2.  Milling -
Process Rate
Asbestos produced in 1984 = 57,308 tons
Emission.éactor*: 12 1b/ton
57,308 tons (12 1b/ton)

Emission = - : --=-= = 344 tons
2,000 1b/ton

*emission factor assumes best controls on dry process, KCAC uses a wet process
for which no emission factors are available
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3.

Manufacturing

a.

Primary

Process Rate

Data on process rate (amount of asbestos used) was obtained
from: 1) 1983 South Coast Air Quality Management Distri;t‘s
Toxics Survey and 2) 1985 asbestos survey conducted by the
Stationary Source Division, Air Resources Board (ARB) (see

Table C-1). ARB surveyed the:ménufacturing facilities
jdentified by the U.S. Environmental Protection Agency (EPA)
that were not included in the 1983 South Coast survey. Cverall
response to both surveys was about 70 percent. To calculate the

total emissions from all manufacturing facilities surveyed, it

'was assumed that thoée that responded are representative of the

whole population.

Emission Factor

The emission factors for primary manufacturing of the various
asbestos product categories range from .14 1b/ton of asbestos
used to 1.1 1b/ton of asbestos used (see Table I-2)}. The

emission factors were cited from an EPA report (Versar, 1984).

Emission = Process rate x emission factor

Samplie calculation:

50 tons ashestos used X .2 Tb/ton = .005 ton/year
in manufacturing sealants ------c-----

2000 1bs/ton
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ASBESTOS EMISSIONS FROM THE MANUFACTURING OF ASBESTOS PRODUCTS

Table C-1

‘Average Range of Average Range of Total
Process Process Total Primary Process Process Secondary
Rate Rate Emission* Rate Rate Emission*
Product Type {ton) (ton) (ton) (ton) (ton) {ton)
1. Friction 175- 150-200 0.1 500 0.1-1775 2
2. Packings & - 1.67 <0.1 6.15 _ 0.025-40 . < 0.1
Gaskets -
3. Coatings,
Adhesives &
Sealants 127.50 0.025-1202 0.4 - 0.18 <0.1
4. Cement Pipe 8350 7500-9212 3 0 0 0
5. Paper - 30.3 < 0.1 2.60 0.25-5.00 <0.1
6. Plastics 4650 0.548-18,283 0.7 - 0.13 <0.1
7. Textiles 4] 0 ] - 0.32 < 0.3
8. Floor Tile - 29 < 0.1 0 0 0
9. Miscellaneous 0 0 0 - 30 <0.7
{Chlorine)
Total 4 2

* Emission estimates may not total due to rounding.
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b.  Secondary
Process Rate
Data on process rates were obtained from the 1583 South Coast

Toxic Survey and the 1985 asbestos survey by ARB.

Emission Factor

The emission factors for secondary manufacturing are estimated
from the emission factors used for primary manufacturing. The

equation used for calculations is as follows:
Emissions = Emfac x process rate
Where:

Emfac = (EF) x W
EF = asbestos emission factor for primary manufacturin§
W = asbestos content of the intermediate product used

in producing another product

4, Automobile Brakes
Process Rate
Total vehicle miles traveled in 1984 =

456,857 x 103 miles per day

Emission Factor

2.6 ug/km (Williams and Muhlbaier, 1982)
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Emission

(2.6 x 10~8g/km) (456,857 x 10° miles/day)(365 days/year)

(454 g/1b)(.62 mile/km)(2000 1bs/ton)
= ,77 ton/year

5. Quarrying

Table C-2 contains estimated asbestos emissions from quarries.

-~

Asbestos Emissions = Amount of respirable particulate x % chrysotile

asbestos content by weight.

Sample ca‘lk:ﬁ'lation for George Reed, Inc.:

Process Rate = 274,000 tons of crushed stone produced

Emission factor =
0.012 1bs respirable particulate per ton of crushed stone

0.20 1b of chrysotile asbestos per 1b of respirable particulate

Emission:
274,000 tons x {0.012 1b/ton)(0.20) = 658 1bs asbestos
Reference for emission factor for respirable particulate: Blackwood, T.R. and

P.K. Chalekode, 1978. Source Assessment: Crushed Stone. Prepared by

Monsanto Research Corporation for the U.S. Environmental Protection Agency.

EPA-600/2-78-0041..
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Table C-2

Asbestos Emiséions from
Quarrying, 1984

Production of Respirable Chrysotile
A Crushed ~ Particulate Asbestos
Quarry Stone/Year (1b) Content(%)
1. George Reed 274,000 3,288 20
Inc, Tuolumne
2. Woods Creek 231,894 2,783 1.
Rock, Tuolumne . : .
3. Raisch Products 435,000 5,220 T 1.6
Santa Clara
4. Ghilotti Bros. 156,000 1,872 1.4
Maria :
5. Dumbarton Quarry 1,000,000 12,000 0.5
Assoc., Alameda
6. Hillsdale Rock 250,000 3,000 2.7
Santa Clara
TOTAL

References for 1984 production of crushed stone:

1) ELLEN LINDER, BAAQMD for quarries located in the Bay Area.

Asbestos
Emissions
(1b)
658 1) referen
28 2)
84 1)
26 2)
60 1)
@

937 1bs or
0.468 tons

2) JERRY BENICASA, Tuolumne County for quarries located in Tuolumne.

c-7



REFERENCES FOR APPENDIX C

1. U.S. Environmental Protection Agency, 1981. Assessment and Control of
Chrysotile Asbestos Emissions from Unpaved Roads. EPA 450/3-81-006.

2. VYersar Inc., 1984. Exposure Assessment for Asbestos. Draft final report
prepared for U.S. Environmental Protection Agency. EPA contract No.
68-01-6271, Task No. 49.

3. iﬁ]h‘ams, R. L. and J. L. Muhlbaier, 1982, “Asbestos Brake Emissions,"
Environmental Research. 29:79-82.




Appendix D

Documents Containing Asbestos Measurements
Taken in California :



An Inventory of Carcinogenic Subétances Released into the Ambient Air of
California. Final Report Task II and IV. March 1980. KVB, Inc.

Inventory of Carcinogenic Substances Released into the Ambient Air of
California: Phase I1. November [982. science Applications, Inc.

Ambient Asbestos Concentrations in California, Volume 1. Final Report.
December 1983. science Applications, Inc.

Ambient Asbestos Concentrations in california - Field Number and Mass
Concentration summaries, voiume 2. December 1983. science Appiications, Inc.

An Inventory of Carcinogenic Substances Released into the Ambient Air of
] 7 VoTume 1. Final Report - Screening and Tdentification of

California: p %
Carcinogens of Greatest Concern. February 19, 9. Science Applications, -
inc. ‘

"Chrysotile Asbestos in a California Recreational Area." Cooper, W.C.,

J. Murchio, W. Popendorf, and H.R. Wenk. Science 206:685-688, November 9,
1979. )

Assessment and Control of Chrysotile Asbestos Emissions from Unpaved Roads.
May 1987, U.S. Environmental Protection Agency.

Experimental Determination of the Number and Size of Asbestos Fibers in the
Ambient Air. dJanuary 19/6. Air and Industrial Hygiene Laboratory, Laboratory

Services Branch, Department of Health Services. AIHL/SP-1. :

Asbestos in the California Environment. June 1975, Air and Industrial
Hygiene Laboratory, Laboratory Services Branch, Department of Health Services.

Asbestos Fibers in Ambient Air of California. March 1973. School of Public
Health, university of California, Berkeley.

Report of Seasonal Variations in Asbestos Aerosols In The Clear Creek
Recreational Area (197/9). University of california, Berkeley.

“Summary of Airborne Asbestos Data - Alviso, California and Control Sites”.
April 15, 1985. HMemorandum from Dr. Steven Hayward of the Air and Industrial
Hygiene Laboratory to Ralph Propper of the Air Resources Board.
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Ambient Asbestos Measurements in-California

Location in California

King City, downwind of a
milling plant

King City, upwind of a

: milling plant

San Jose
Berkeley
Los Angeles (Downtown)

Emeryville, near asbestos
manufacturer
White Mountain (desert)

Santa Monica Freeway, up-
wind (at 4th)

Santa Monica Freeway, down-
wind (at 4th)

Harbor Freeway, upwind

Harbor Freeway, downwind

(at 146th)

San Diego Freeway, up-
wind (at National)

San Diego Freeway, down-
wind (at National)

~ San Diego Freeway, up- .

wind (at 122nd)
San Diego Freeway, down-
wind (at 122nd)
Los Angeles Freeways,
upwind (four sites)
Los Angeles Freeways,
downwind (four sites)
San Lucas

Berkeley

*Mean values

** Mean value of 60 samples
Science Applications, Inc., February 19, 1979.

Number of Fibers/m3

6,000 to
1,600,000
200 to
11,000
0 to
3,500
0 to
4,000
0 to
5,700
238,000
20 to
100
700*
700*
1,100*
1,600*
200*
800*
900*
500*
800**
9QQ**
1,000,000

700,000

References

John et al.,
1976
John et al.,
1976

Murchio et al.,
1973

Murchio et al.,
1973

Murchio et al.,
1973

Murchio et al.,
1973 .
Murchio et al.,
1973

Murchio et al.,
1973

Murchio et al.,
1973

Murchio et al.,
1973 ,
Murchio et al.,
1973

Murchio et al.,
1973

Murchio et al.,
1973

Murchio et al.,
1973

Murchio et al.,
1973

Murchi et al.,
1973

Murchio et al.,
1973
Wesolowski,
1975
WesoTowski,
1975

An Inventory of

Source: pp y ¥
arcinogenic substances Released nto the jent Air of California.

Yolume I - Final Report Screening and Identification of Carcinogens of

Greatest Concern.

Page 35.
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SAI Sampiing, Sample Preparation, Analysis
and Quality Control Techniques
for the 1983 Asbestos Study
I. Introduction

Given the broject objective of providing an inventory of respirable
airborne asbestos in California, the technical approach focused on applying
state-of-the art sampling and analysis techniques to a cross-section of
geographical sites based on emission/exposure potential. Sampling method
adopted for this study followed protocols established by John et al. (1976,
1978, 1980). No exceptions were taken to the measuremeﬁ; and verification
procedures specified by the U.S. Environmental Protection Agency (U.S.
Environmental Protection Agency, 1978). Discussions with California Air
Industrial Hygiene Laboratory (AIHL), the U.S. Envirommental Protection Agency
: and‘the National Bureau of Standards (NBS) staff resulted in a number of minor
changes and improvements.

To accomplish the program objective for quantifying asbestos fibers in
the respirable range (less than-3.5-um aerodynamic diameter), a single-point
filter sampler with a cyclone inlet providing a collection efficiency of 50%
for 3.5-um aerodynamic diameter particles at a flow rate of 15.5 Titers per
minute was used for all filter sampling. An 8.0-um pore size backing filter
was uSed in conjunction with a 0.2-um poré size collection filter. Although
original protocols specified the use of a 0.4-um pore size collection filter,
the 0.2-um pore size filter was chosen for better collection efficiency of
smaller fibers. No otﬁer significant changgs were incorporated. .

The cyc?one'sémpler shown in Figure F-1 was developed for ambient aif

size-selective monitoring. This sampler will collect particles as small as



2.5-um (21.7 liters per minute flow); Figure F-2 (from John et al., 1978)
indicates the particle deposition efficiency, relative to 50% cutoff, of the

cyclone design shown in Figure F-1. Design criteria for the sampier incluce:

0 A vertical cone with cap at bottom and outlet on top. This

configuration minimizes loading and re-entrainment.

0 The after filters are 47 mm diameter which will allow the use of

membrane filters, if chemical analysis is desired.

o The cyclone is intended for 24 hour sampling at average flows of 15

to 20 Titers per minute.
o Both 1iquid and solid particles can be sampied with this device.

The cyclone was selected for use over other samplers for this study
because of its ease of use in the field, its ability to selectively sample
because of its ease of use in the field, its ability to selectively sample
small particles and the design which allows for uniform particle deposit on

the filter.

1I. Sampling Procedures

Preparation and Handling of Filters

To reduce contamination from handling in the field, individua]
polyethylene cassettes were constructed to hold the backing and collection

filters for each sample. These cassettes consisted of two.rings that

F-2



Figure F-1

ALUMINUM

[77777
‘;ﬁ',:f’f STAINLESS STEEL

AFTER-FILTER -

- — INLET CAP

,/"'\ .

aa— ZA 1 -
- Voo : g '
. ' . \
v - - \
‘ ,
AP YA 7 - !
oy S777 777 :
BODY X
; Sem
: 4 A
cup—/

ASSEMBLY DRAWING OF THE CYCLONE SAMPLER DEVELOPED FOR
AMBIENT AIR MONITORING (John and Reischl, 1980).
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Fiqure F-2

AERODYNAMIC DIAMETER, um

Fraction of Methylene Blue Particles Deposited in the Cyclone as
3 Function of the Aerodynamic Particle Diameter. The curves are
Tabeled with the flow rate (from John et at., 1978). i
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press-fit together to provide a rigid support for the filters. Before loading
the filters, the cassettes were pre-washed in an ﬁitrasonic bath of O.1-um
filtered, de-ionized water and allowed to dry in a “particle-free" clean room
(class 100 certified). The filters were loaded into the cassettes inside the
laminar flow bench of the clean room, using vacuum tweezers. Before sampling,
an 8.0-um pore size, 47 mm diameter Nillipore backing filter was placed under
the Nuclepore 0.2-um pore size collection filter to insure even distribution
of particles across the filter face.

 After being loaded, each cassette was placed in a Separate, clear plastic
box (50mm x 8Cmm), which had been treated with Zerostat anti-static charge
reducer. A secondary box specially constructed to reduce contamination and
filter tipping was used to transport the fi]ter boxes. Vibration during
transportatioﬁ was minimized by placing this secondary box containing a
plastic bag full of water and styrofoam pellets. - |

Filter cassette lﬁading was done on a damp-wiped table in the mobile

laboratory; the entire cyclone was disassembled and rinsed with Freon 113.
Cassettes and cyclone componehts were handled with polyethylene gloves,
reducing possible contamination time to that required to remove the sampie
from its box and transfer it to the head of the cyclone (approximately ten
seconds).

Air Sample Collection Procedures

Original sampling plans called for at least four four-hour samples at
each_site. Paired replicate samples were taken morning and afternoon at King
City, San Jose, Napa, San Fernando Valley and Sonora. Century City,

Bakersfield, South Gate and San Diego ordinarily have high particle
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concentration levels, so samples were collected at these locations over
shorter time intervals to pfeclude overioading the filters. Sampling time was
based on prior calibrations of filter loading as a function of suspended
particle count level, by scanning electron microscopy.

Sample filtering was carefully done, as described earlier in this
section, with plastic gloves worn to transfer filter cassettes to the
pre-cleaned cyclone assembiy. The sampiing pumps were operated-at 15.5 liters
per minute under a vacuum of six to seven inches of mercury. The pump and
filter train were pre-tested to assure that there were no-leaks in the six-to

seven~-inch (mercury) vacuum range.

I1I. Analytical Techniques

Sample Preparation Procedures

Upon return to the~laboratory, the plastic filter cassettes were Qiped
clean with a damp, 1int-free cloth and placed in clean room facilities.
Everything relating to filter handling was cleaned with 0.2-um pore size
filtered water and blown dry with Freon dusting spray. Direct handling of
the filter cassettes was done with plastic gloves under a class 100 (fewer
than 100 particles per cubic foot of air) laminar air flow. Particulate
matter levels under the laminar air flow were maintained at less than 5
particles per cubic foot in the 0.3-um diameter range; particulate matter in
the clean room was kept at less than 10 particles per cubic foot in the 0.7 um
size range. Mass levels measured by the RAM counter in the center of the
room were 1 ug/m3.

Sectioning of Filters

Sectioning of Nuclepore filters with the least disturbance to the

membrane surface was a critical step in sample preparation. The Nuclepore
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filter with 8.0-um pore size Millipore backing filter was removed from the
cassette and transferred to a 2 inch x 2 inch p1e§{glass plate. A new razor
blade (cleaned with dusting spray) was slowly pressed on'the filter bad using
a downward vertical motion to cut the filter in half. The Nuclepore filter
section from each half filter was carefully slid off the Millipore backing
filter onto a clean piece of plexiglass. The filter was then tacked in place
and a series of polyviny1¢h1oride'(PVC) cement beads were p]a&ed aroﬁnd the
edges of each filter section. The tacked filters were allowed to dry under
plastic petri dish covers. The plexigiass square conta%ning the tacked filter
section was placed in the bottom of a petri dish with a minimum clearance of
1.5 cm and fastened with double stick tape. One section was saved as an
archive and for sub—sectioniqg for replicate analysis by the University of
Washington. 'The other section was reserved for carbon coating as requiréd by
the EPA method.

Carbon Coating Procedures

Carbon coating was done with a Denton rotating stage carbon evaporator.
The filters were carbon coated'at T x 10'5 torr in short bursts with 30 to
40 nm of carbon. To minimize fiber dislodgement on the sampler filters,
evacuation of the carbon coating chamber was performed slowly over a period of
five minutes.

Modified Jaffe-Wick Grid Preparation

The filters were extracted using a modified Jaffe-Wick technique outlined
in the provisional U.S. EPA methodology (EPA, 1978). Al1 petri dishes and |
utensils were precleaned and spray-dusted. The foam supports and filter paper
sections were ultrasonically. cleaned with three washes of analytical grade

acetone. Although the provisional method calls for the use of screens to
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support Formvar sample grid;, Whatman 42 filters papers were used because they
produce more uniform grids. Another difference in- the methodology was the use
of 300-mesh instead of 200-mesh grids (300-mesh gfids provide more support for
the Formvar grid layering, as well as more accurate tracking of partic}e -
location within each grid hole by electron microscopy).

A clean section of 0.25 inch x 2 inch x 2 inch polyurethane foam with é 2
inch x 2 inch filter paper on top was placed in a 6 cm diameter petri dish.
Approximately three to six 300-mesh sample grids were placed on top of the
filter paper, Formvar side up. Three square sections (4 mm x 4 mm) of the
sample filter were excised with a clean razor blade and placed against the
Formvar side of the gria with the particle side facing against the grid. Each
of the grids was then saturated with 5 to 8 ul of analytical grade chloroform
by filling the ﬁetri dishes to a level that just éovered the filter paper
support, using a long-needie, 50 mi syringé. Each dish was transferred to a
glass dessicator with a reservoir of chloroform below the support plate. The
chioroform level in the petri dish was carefully raised to the top of the
filter paper, the petri dish covered, the dessicator 1id replaced and the
filters allowed to dissolve for 24 hours. An outside light source just above
the dessicatof kept it at 'a temperature of about 26.7 C. After 24 hours, the
chlioroform from each dish was removed with a syringe and the grids were
allowed to dry before being transferred to a grid storage box.

Sampie Analysis Procedures

A JEOL 6C transmission electron microscope (TEM), with a resolution of
s$ix angstroms and equipped with selected area electron diffraction (SAED}, was

used for all sample analyses. Calibration of instrument magnification was
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performed using a 21,400 1ipeé/in carbon replicate standard against a scale
etched on the fluorescent screen of the TEM. B

The scale etched on the screen contained divisions of 1 cm, with a
mm-division scale near the center. Both scales were set so that
magnifications of 10,000X and 20,000X were accurate within 5%2. All diameter
measurements were done under the 10X viewing microscope on the TEH. AtAa
magnification of 10,000X, 1 mm on the screen is equal to 0.1 dm; at ZQ,OOOX, 1

mm is equal to 0.05 um. The counfing magnification ranged from 15,000X to

20,000X. -

Each lot of grids was ca]ibfated in two ways. First optical calibration
was performed on a Leitz Dialux 20 1light microscope using a standard with
divisions of 0.01 mm. Second, the area of the grid holes was checked by
scanning eleciron microscopy (SEM: International Scientific Model III-A ).
Calibration of scanning electron microscope magnification was performed using
latex sphere standards of 2.02 um diameters, respectively. Optical microscopy
was not selected for analysis of the samples, since the opfica] technique is
not able to measure fibers lesS than 5 um in length.

Guantitation Techniques

The count data from each sample were analyzed by a modified version of
the computer program outlined in the U.S. EPA provisional methodology (EPA,
1978). The reporfed data included fiber concentrations (by fiber type:
chrysotile, amphibole, indeterminate, non-asbestos) as fibers/m3 of air.
Mass concentrations of asbestos (pg/m3 air) were calculated, although these
data are subject ;o error accumulated from squaring particle radii in the

computation*. In addition to the standard EPA reporting format, an additional
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category to distinguish chrysotile fibers in the occupational exposure size
range (length 5.0 um) has been provided. h

In reporting data, values shown as zero are below the detection
timit (DL: a function of the total area of the filter scanned and the volume
of air that is sampled). When only one fiber was found on the sampie scanned,
the value obtained was used to derive the detection 1imit. Samples having
less than one fiber found during analysis were defined as beiﬁg "below the
detection 1imit" ( DL). Al1 the samples analyzed were counted in an identical
manner and had been collected at the same flow rate (15.5 Titers per minute),
therefore, the detection 1imit was a function only of the duration of sampling
time. A graph of detection limit vs sampling time is presented in Figure
F-3. Since sampling times ranged from one to four hours, net detection

Timits ranged from 9,100 to 2,400 fibers/m> of air, respectively.

IV. Quality Assurance

To fulfill the project's quality assurance reqﬁirements, the University
of Washington Transmission Electron Microscopy Center was provided with
replicate filter samples from different locations as part of an
interlaboratory comparison. To insure proper handling in transit, the sampies
were carbon coated at SAI's laboratory and hand-carried to Seattle. The
samples were analyzed according to the EPA provisional method and the data
returned to SAI for computer reduction. In addition to a béckground control
(the Napa site), sites selected for inter-comparison analyses (Table F-I) were
Kihg City, Sonora, Century City, and San Diego. The Napa sample was done in

duplicate by both laboratories to provide a measure of reproducibility.
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10 3 fibers / cu. meter

Figure F-3
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The detection limit for‘TEM asbestos analysis in this study was
approximately 2,400 fibers/m3, the result of counting only one fiber in the
filter area analyzed. The greatest difference between comparative samples was
for the duplicated background control samples (Mapa) done by the University of
Washington. Although values for these two replicates are a factor of 11 apart
(41,000 vs 3,600 fibers/m3), the difference represents the counting of four
fibers vs one fiber pef total counting area, respectively. foferences
between the two laboratories® analytical results for the other replicate

samples are in all cases less than the variation in the single duplicate

analysis.
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Table F-1

Interlaboratory Comparison of-Asbestos Measurement by
Transmission Electron Microscopy

SAl TEC Laboratory University of Washington

Chrysotile Amphibole Chrysotile Amphibole
~ Sample (fibers/m3) (fibers/m3) (fibers/m3) (fibers/m3)
A-14 9.4 x 103 < DL 1.5 x 104 3.6 x 103

King City : .

A-24 4.7 x 103 7.1 x 103 4.1 x 104 7.2 x 103
Napa .

. 2.4 x 103 4.8 x 103 3.6 x 103 <DL
A-27 2.4 x 103 2.4 x 103 2.1 x 104 1.2 x 104
Sonora _ .

A-100 1.5 x 104 < DL 1.7 x 104 2.1 x 103
Century City
A-202 3.0 x 103 8.9 x 103 2.5 x 104 4.5 x 103
San Diego .
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Contamination in Alviso, California
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-

State of California Deportment of Health Services
Memorandum
To Ralph Propper ; .. Date : April 15, 1985

California Air Resources Board .- )

P.0. Box 2815 Subject: Summary of Airborne

Sacramento, CA 95812 Asbestos Data-Alviso,

’ California and Control Sites

From : Steve Hayward, Ph.D.‘:W‘J

Alr & Industrial Hygiene laboratory

1.

3.

Sampling

Sampling was done according to the AIHL writtem protocol (see the Appendix to
the Analysis Method). Locations, dates, and wind conditions are listed in Table

I. These dates and locations apply only to those samples that have already been
analyzed by AIHL.

Analysis

According to the attached Analysis Method, samples were analyzed by TEM for five
values, all of which were limited to inhalable sizes:

® Total asbestos fibers, (fibers/m3)

© Total asbestos mass (ng/m’)

© Asbestos structures (structures/m3)

® Free fibers (free fiberélu@)

® "NIOSH-countable" fibers (NIOSH fibers/m?)

See the Method for definitions of these measures. Table II contains geometric -
means and standard deviations for all values for each location. In it is also
listed separately the value (measured value * 952 confidence interval) for
9/27/84 at the Ecology Center. On this date the air was mostly stagnant,
although there was some flow reversal. This site would therefore have been more
downwind than upwind of Alviso on that date.

Discussion

If has been found that, for most of the samples, an amount equal to
approximately 25 to 1007 of the mass collected on the filter could be washed off
the sampling cassette. This is presumed to be due to attraction of aerosol by
static charge on the cassette produced by the high flow ‘rate. The values in
Table II are therefore probably low by 20 to 50%.

G-1



'Mr. Ralph Propper -2 = April 15, 1985

The values are consistent, im that values for all measures of airborne
contamination at the two Alviso sites (and- the Ecology Center when it was
“downwind™) are approximately an order of magnitude higher than the Moffet
values, and between ome and two orders of magnitude above the Ecology Center
values on days when it was “upwind”., For these days, the Ecology Center air is
essentially directly off the Bay.

The mass concentration values canmot be directly compared to those determined in
other studies in which filters were ashed. This is because when filters are
ashed, large fiber bundles are guaranteed to be broken up and distributed
evenly. The values of mass in the table should therefore be counsidered to be

lower limits, (aside from the fact that they are already 20 to 50% low, due to
the cassette charging.

Please let me know if you require further Information. _

SH:mpa

Attachments

ce?

J. J. Wesolowski
Walter Johm
Tom Mitchell, Toxics, Emeryville



Table I

Sampling Summary (Analyses Completed)

Wind Conditions

Loca.tioﬁ Dapes
Mayne School 12/15/83 Typical NW flow
12/28/83 (School is downwind of most
3/ 2/8% of Alviso)
8/16/84
. 9/25/84
9/27/8L Stagnant
Fire Station 10/ 7/83 Typical NW flow
(A1viso) . 8/16/84 - (Fire station is in Alvisc)
9/25/8% -
9/27/8% Stagnant
Ecology Center 8/16/84 Typical NW flow (Ecology Center
(near Alviso) 9/25/84 is upwind of Alviso)

S 9/27/8% Stagnent (reported separately}
Moffet 8/16/84 Typical NW flow (Moffet is downwind
(Santa Clara) 9/25/84. of the San Francisco Peninsula

9/27/84%

Stagnant




Table IT

Analysis Results - Alviso and Control Semples
Ceometric Means, with Ceometric Standard Devistions in Parentheses

-9

Total Mass ‘Free "NIOSH"
Location . Fibers/m3 (ng/m3) Structures/m3 Fibers/m3 Fibers/ma
Mayne School 3.7 x 105 25 1.5 x 108 3.2 x 10% 1.h x 108
(6 samples) (2.2) (13) {(2.1) (3.5) (2.8)
Fire Station 9.1 x 105 38 3.9 x 105 8.1 x 10% 1.9 x 103
(3 samples) (2.5) (3.1) « (2.0) (r.3) (1.7)
Moffet . 6.0 x 10" 2.8 k.9 x 10°% 1.3 x 0% 1.3 x 10%
(2 samples) (2.5) (1.8) (2.2) (1.7) (a.1)
Ecology Center 1.2 x 104 0.11 7.3 x 103 - 0 1.2 x 102
(2 upwind samples) (2.8) (15) (1.7) - (13)
Fcology Center* 2.1 (£.9) x 105 37 h.1 (22.8) x 10° L.1 (2.8) x 10% 2.7 (#1.9) x 103

2
Measured value, with 95% confidence intervals in parentheses where calculeble.



APPENDIX H .-

Calculations and Discussion of Estimates on Yearly

Intake of Asbestos Fibers



o

Sample Calculations of the Amount of Asbestos Fibers

Ingested or Inhaled into--the pody

i. LaithLa1I0s UF ASBESTOS

AL

AdLISNT AIR EXPCGSURES

Assumptions of exposure for office worker

1. siean asbestos concentrations range from 7,700 to
45,000 fibers/m3 as measured by TEil (see Table
I11I-3). )

2. Breathing rate of air is 0.83m3/hr.

3. Time outside (10%) for 365 days/yr.
Sample calculation

Yearly intake of fibers

1l

7,700 fibers x U
3 h
m
24 hr x 0.10 x 2063 davs
day ye
= 5.6 x 10"

or

6 x 106 yearly intake of
fibers (estimates are rouaged
of £)

I.:DUOGR AIR EXPUSURE - SCHOOL

Assumptions of exposure for school children

1. Breathing rate of air is 6.75m°/hr.
2. Time in school (15%) - normalize to 365 days/yr.
3. Concentrations are in PCH units. Convert to TE: units

by using the conversion factor of 100 to 100G T
fibers/PCii fiber. -

4, The median asbestos cqncentrations in schoolsg range
from 340 PCi fibers/m~ to 4,050 PCM fibers/a~ (see
Table IITI-7). The low value for the estimated yearly
fiber intake uses tine 540 PCi concentration and the
100 TE4 fibers per PCM fiber conversion factor, while
the upper value uses the 4,050 PCM concentration and
the 1000 TEM fibers per PCH fiber conversion factor.



Sample calculation

. A = s £ =3
Yearly intake of fibers = 354G PCH fibers x 0.73zm” x
3 ar.
m
100 TEW fibers x 24 hr x ©.15 x 363 davs
PCii fiber day vear

= 53,2 x 10°
or
= 50 x 106 yearly intake of
fibers (estimates are rounded
off)
INDOGR AIR EXPOSURE - OFFICE BUILDING - .

Assumptions of exposure for office worker

3
1. Breathing rate of air is 0.83m”/hr.
2. Time in office building (33%) - normalize to 265
- days/yr. '
3. Concentrations are in PCHM units. Convert to TEI units

by using the conversion factor of 100 to 1000 TEii
fibers/PCM fiber.

4. The median asbestos concentrations in office buildinas
range from 260 PCil fibers/m~ to 640 PCii fibers/m”
(see Table III-7). The low value for the estimated
yearly fiber intake uses the 260 PCii concentration and
the 10U TE:! fibers per PCH fiber conversion factor,
while the upper value uses the 640 PC{ concentration
and the 1000 TEH fibers per PCi fiber conversion
iactor.

Sample calculation

Yearly intake of fibers = 250 PCH fibers x 100 TEM fibers x
3 PC# fiber

m
0.83m> x 24 hr x 0.33 x 365 davs
hr . day year
= 62 x 10°
or

= 60 x 10° yearly intake of
fibers (estimates are rounded
off) :



:/—-‘\

II.

I.4DOOR AIR \POS‘R ~ HOMLS

issumptions of exposure for houseperson

- .. e . . v en 3
1. Greathing rate of air is 90.83n /hr.
z. Time in office building (&5%x) - for 365 days/yr.
3. Concentrations are in TE:i unlts and range from 63

fibers/m~ to 56,000 fibers/m” (see 1aole I1I-8).

Sample calculation

Yearly intake of fibers = 30,000 fibers x
m=
C 63m3 X 24 hr. x 0.85 x 385 days
hr day year
= 347.3 x 10°
or

350 x 10° yearly intake of

fibers (estimates are rounded
off)

INGESTION OF ASBESTOS

A.

TREATED WATER

Assumptions of exposure from drinking of water for children

1. Consumption rate is 1 11ter/day {children) for 3453
days/vr.
2. Asbestos concentrations in water range from 1 x lu

fibers/liter to 260,000 x 10° f;bers/llter (sce
Table III-6).

Sample Calculation:

Yearly intake of fibers = 100 X 106 fibers x 1 ;;;er X
liter day
365 days
year

= 36,500 x 1095 . 3.7 x 1019

yearly intaxe of fibers.



ITI. UISCUSSIUN OF ESTIATE

A, Unly exposures by the same route, either inhalation or
ingestion, should be compared. It is not possible to
compare nealth risk exposures of ingestion or inialatisn
because the health risk associated with ingestion have not
been conclusively determined in animal and epideniolozical
studies (see DS Part B report). Also, the fraction of
asbestos fibers that is retained by the body has not been
determined for the different exposure routes (Committee on
donoccupational Health Risks of Asbestiform Fibers, 15&4).

B. Exposure estimates were calculated for three different
lifestyles: office worker, ftouseperson, and school
children. The amount of time that an individual is exposed
to and at any given asbestos concentrations may vary
considerably from the values that were. assumecd; howevar,
because of the uncertainty in the measurement methods amnsl
concentrations, the rance of exposures given sihould cover
most individuals. Table H-1 lists the amount of time the
office worker, houseperson, and child was expected to be i
each environgental setting. The breathing rate was assuaa
to be 0.75 m~/hour for a child and 0.83 m>/hr for an
adult. For drinking water, the consumption rate was
assumed to be 1.0 liter/day for a child and 1.5 liter/day
for an adult (Committece on Nonoccupational Health 2isk on
Asbestiform Fibers, 1984).

n
d

Table -1

Annual Percentage of Time in Various Environments

Office VWorker ifouseperson Child

(%) (3) )

Ambient Air 190 10 35
Indoor-Home 57 35 50
Indoor-Uffice Building 33 5% O
Indoor-Schools _0 _0 15
100% 1005 1063

Accounts for time shopping and inside of other office complexes.

Y



