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OVERVIEW AND RECOMMENDATION

I.  INTRODUCTION

The Air Resources Board ("“ARB" or "Board") identifies toxic air
contaminants and develops regulations for the control of their emissions
according to the requirements of state law. A toxic air contaminant (TAC) is
an air pollutant that the Board or the Department of Food and Agriculture
finds 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. Health and Safety Code Section 39655 specifies that substances
identified by the U.S. Environmental Protection Agency as hazardous air
pollutants (Section 112 of the Clean Air Act) shall be identified as toxic air
contaminants by the Air Resources Board. This report recommends that the
Board find asbestos (in the foIlowfng forms: chrysotile, actinolite, amosite,
anthophyllite, crocidolite, and tremolite) to be a toxic air contaminant.

Section Il of this Overview to the report presents the technical and
toxicological information that supports the staff's recommendation.
Section IIA is a summary of Part A, which presents data on the uses of
asbestos, its emissions, and the concentrations of asbestos in the ambient
air. Section IIB summarizes the Department of Health Services' (DHS) analysis
in Part B of the health effects of asbestos. Section III presents the
regulatory background and reviews the procedures by which the Board considers
substances for the TAC designation. Section IY of this Overview discusses
potential environmental effects 6f the recommended action, and Section V

contains the staff's recommendation to the Board.
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11. EVALUATION OF ASBESTOS

The ARB Snd the DHS prioritize candidate substances for evaluation and
regulation as toxic air contaminants pursuant to Health and Safety Code (HSC)*
Section 39660(f). That section states that the selection of a substance for
consideration as a TAC is to be based on the risk to the public posed by the
substance, the amount or potential amount of emissions from use of the
substance, its manner of usage in California, its atmospheric persistence, and
its concentration in the ambient air, |

Under these guidelines, we selected asbestos for the Board's
consideration as a TAC because it has been identified by the International
Agency for Research on Cancer as a human carcinogen, it is emitted from many
sources in the state, it is persistent in the atmosphere and in the
environment at large, and its presence in the ambient air is documented.
Asbestos has also been listed as a hazardous air pollutant by the U.S.
Environmental Protection Agency and National Emission Standards have been
| promulgated. The standards are applicable to asbestos mills, roadways,
manufacturing, demolition and renovation of buildings, spraying, fabricating,
insulating materials, and disposal of asbestos containing waste.

A.  EMISSIONS, PERSISTENCE AND AMBIENT CONCENTRATIONS OF ASBESTOS

The principal sources of asbestos emissions in California are a) mining
and mi1ling, b) manufacturing of asbestos products (both primary and .
secondary), ¢) automobile braking, and d) quarryihg. Except for quarrying,
these emission estimates include total asbestos fibers emitted into the
atmosphere. For quarrying, the emission estimates are for asbestos fibers

that have an effective aerodynamic diameter of 7 microns** or less. Other

FST; all statutory references are to the Health and Safety Code, except

otherwise stated.
**A micron is 1 x 10-6 meters.

-2- D 004194




sources of emissions are demolition and renovation of buildings, roads
surfaced with gravel containing asbestos, 1andfills, and natural weathering or
human disturbance of serpentine (asbestos-containing mineral) deposits;
however, emissions from these sources were not estimated due to lack of
available information. Information on the emissions, persistence, and ambient
concentrations of asbestos are summarized on Table I.

Asbestos supply and demand data for the United States from 1973 through
1984 shows a general decline in production and consumption. The demand for
asbestos is expected to remain below the 1980 use through 1990.

Asbestos is exceptionally resistant to thermal degradation and chemical
attack and fine fibers car remain airborne for long periods of time. Settied
fibers are easily re-entrained back into the atmosphere. Atmospheric
transport involves dispersion and reentrainment of asbestos fibers with
deposition occurring due to wash-out and gravitational settling. The

deposition and eventual burial of fibers in soils and sediments are the major.

5
¥

processes by which asbestos fibers leave the atmosphere. o

FEE
ber

Asbestos has been documented in the air at several locations statewide by
various studies. However, one study* was chosen for use in this report L
Secause the staff believes it provides the most suitable and most recent
ambient data available for showing exposure to asbestos at several locations
in California. The study found that in general, the highest concentrations

(average 50 to 500 fibers/cubic meter)** of asbestos were measured at sampling

* Science Applications, Incorporated, 1983. Ambient Asbestos
Concentrations in California - Yolumes I and T1

+*  ATthough measurement of ambient asbestos fibers is currently performed
using transmission electron microscopy (TEM), cancer risk in this report
is expressed in terms of phase contrast microscopy (PCM) fiber counts.
Therefore, all concentrations in the Overview has been converted to PCM
fibers per cubic meter to allow easier comparison of the health risk and
exposure data. See Table III for sample calculations. Note: 100 to

1,000 TEM fibers/PCM fiber.
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TABLE 1
Summary of Data for Asbestos

- Emissions
Statewide *
Source Source Type (Ton Per Year) Inventory Year

Mining Point 120 1984
Milling . Point 340 1984
Manufacturing | | nd

Primary Point 4 1982 & 1984

Secondary Point 2 1982 & 1984
Automobile Brakes Mobile 0.8 1984
Quarrying Point - 0.5 1981 ’

Total* 470

Atmospheric Fate

Asbestos can be readily subdivided into
fibers of submicron diameter, which can
remain airborne for long periods of time.
In addition, asbestos is exceptionally
resistant to thermal degradation and
chemical attack, therefore settled
fibers are persistent in the
environment and subject to re-entrainment ',
into the atmosphere.
Mmbient Concentrations

Range of Total Asbestos Averaged asbestos concentrations range
Fibers Measured.at Ten Sampling from 8 to 80 PCM fibers per cubic
Locations (average of all meter at Sonora to 50 to 500 PCM ng
samples analyzed by transmission fibers per cubic meter at South Gate.
electron microscopy and converted Generally, the highest concentrations
to PCM fiber concentrations). were measured at sampling locations
influenced-by localized and industrial ’

sources; the lowest concentrations
were found at sites isolated from
asbestos emission sources.

* The total emission estimate has been rounded off to one significant figure.
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locations influenced by localized (where asbestos is processed, refined, or
otherwise used3 and industrial sources (areas with high density clusters of
asbestos users). The lowest concentrations (average 8 to 80 fibers/cubic
meter) were found at sites isolated from asbestos emission sources. In some
of the Tocations with high concentrations, the population within ten kilometer
grids is significant. The samples collected during the referenced study
represent short averaging times thus, we are uncerta{n of how representative
these concentrations are of annual averages.

In Part A, we also discuss an asbestos contamination problem in Alviso,
California that DHS staff has been investigating. The contamination is
thought to be caused by asbestos waste disposal and flooding in the area
during the past 30 years. Ambient air monitoring studies by DHS'have shown
significant concentrations of asbestos fibers in the air throughout Alviso.

B. HEALTH EFFECTS AND RISK

In response to the.ARB staff's request (Appendix A) and according to HSC
Section 39660, the Department of Health Services (DHS) evaluated the health
effects of asbestos and the risks from exposure to asbestos. To assist DHS,
we provided DHS with a bibliography (Appendix B) of 1iterature concerning the
health effects of asbestos. The bibliography was obtained from the Toxline,
Medline, and Biosis data bases available from NLM and Dialog information
services. Also, we sent a letter (Appendix B) to all interested parties to
request additional information. The information so obtained was forwarded to

DHS.
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In meeting the requirements in Section 39660 for DHS' evaluation, the DHS
addresses these issues-in Part B: 1) Is asbestos a carcinogen for animals and
humans? 2) May health.problems other than cancer occur from exposure to
ambient concentrations? 3) Is there a “threshold" exposure level below which
asbestos will not cause cancer? 4) What is the range of added risk of cancer
during a lifetime of exposure ;o typical ambient concentrations of asbestos?
5) Should some particular fiber types (e.g., chrysotile, amosite) be
considered more 1ikely to cause cancer than others? 6) How does the
relationship between fiber dimensions and carcinogenic potency affect the
appropriateness of extrapolating health effects observed in occupational
exposures to ambient air exposures? In response to these issues, the DHS
makes the following conclusions and recommendation in Part B:

1) Asbestos is an undisputed human and animal carcinogen, and has
been documented to cause cancer in humans in both occupational
and nonoccupational settings.

2) Ambient asbestos levels in California are not expected to
cause any acute health effects nor to result in asbestosis, a

' frequently disabling lung disease.

3) Although the mechanism of asbestos carcinogenicity is unknown,
there is no compelling evidence that this process is
characterized by a threshold.

4) The Department of Health Services has recommended the use of
excess lung cancer lifetime risk values between 11 and 110
cases per million for each 100 PCM (phase contrast microscopy)
fibers per cubic meter of asbestos exposure, and for

mesothelioma a range of lifetime risk between 38 and 190 cases
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for each 100 PCM fibers per cubic meter of asbestos exposure.
Selection of these ranges was based on several health
conservative assumptions. One effect of these assumptions is
to produce estimated ranges of potential risk from exposure to
ambient asbestos which, consistent with the health-conservative
intent, include the highest, but not the lowest, reasonable
projections. Estimated lifetime risks of lung cancer and
mesothelioma by exposure group are shown in Table II.

To calculate the risk estimates in Tables III and IV, DHS used
average mean asbestos concentrations that have been measured in
California. The concentrations used for exposure levels were 8
to 80 fibers/m3 for the lower range and 50 to 500 fibers/m3
for the upper range. Because of differences in counting
methods, the average mean asbestos concentrations which were
analyzed and counted by the transmission electron microscopy
(TEM) ﬁethod had to be converted to phase contrast microscopy
(PCM) concentrations for DHS to do their risk analysis for
those concentrations (see Table III). These values are
consistent with the results of air sampling in a variety of
locations in the United States (NRC, 1984).* As shown in these
tables, risk estimates were also developed for a concentration
of 2,000 fibers/m>, chosen by the NRC (1984) as
representative of the 90th percentile of ambient asbestos
concentrations, usually indicative of a local source of

asbestos contamination.

For information on the references cited in the Overview, see the
Part B reference 1isting beginning on page R-1. =
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Table II

Estimated Li fetifne Excess Risks of Lung Cancer and Mesothelioma Due to
Continuous Exposure to 100 Fiber/m3 of Asbestos
(Expressed as Cases per Million Population)l/

Exposure Group Lung Cancer Mesothelioma
Male Smokers 11 (110) | 24 (120)
Female Smokers 5 (S0) 32 (160)
Male Nonsmokers 2 (15) 32 (160)
Female Nonsmokers 1 (6) 38 (190)

Numbers in parentheses represent approximate upper confidence limits.
The analysis corrected for competing causes of death using 1ifetables
constructed from recent California vital statistics. Since risks for
lung cancer and for other causes of death are dependent on smoking
status, the lifetables were modified to account for age- and
gender-speci fic smoking prevalence. Thus, risks are presented by gender

and smoking status.
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TABLE III

Estimated Lifetime Excess Lung Cancer Risk Due to
Continuous Exposure to Asbestos
(Expressed as Cases per Million Population)*

Exposure Level (fibers/m3)

Exposure Group 8 50 80 500 2,000
Male Smokers 1(0-9)** 6(0-55) 9(0-88) 55(0-550) 221(0-2,210)
Female Smokers 1(0-5) 2(0-25) 5(0-41) 25(0-250) 101(0-1,010)
Male Nonsmokers 1(0-1) 1(0-8) 1(0=-11) 8(0-75) 29(0-290)

Female Nonsmokers 1(0-1) 1(0-3) 1(0-5) 3(0-28) 11(0-110)

* Calculated with Cy = 0.01. Ranges in parentheses were estimated with a
lTower 1imit of zero and an upper 1imit calculated with Cy = 0,1. This
upper bound is an approximate upper confidence limit.

*%  Sample Calculation For Excess Lung Cancer Risk - Male Smokers

Coversion from TEM = (7,700 TEM fibers) (1 PCM fiber) .
to PCM concentrations (1000 TEM fibers)

7.7 or 8 fibers/m3

Estimated 1ifetime excess= (PCM concentration) x (Lung cancer estimated

lung cancer risk-1ower (Estimated |ifetime lifetime risk)
confidence limit risk exposure
concentration)

=(8 fiber/m3) , 11
100 fibers/m3)

= 0.88 or 1
Estimated 1ifetime =(8 fibers/m3) 4 110
excess lung cancer (100 fibers/mg)
risk - higher confidence
limit

= 8.8 or9
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TABLE IV

Estimated Lifetime Excess Mesothelioma Risk Due to
~  Continuous Exposure to Asbestos
(Expressed as Cases per Million Population)*

Exposure Level (fibers/m3)

Exposure Group 8 50 80 500 2,000
Male Smokers 2(0-9)*  11(0-59) 19(0-95) 120(0-590) 470(0-2,400)
Female Smokers 2(0-12) 16(0-81) 26(0-120) 160(0-810)  640(0-3,300)

Male Nonsmokers 2(0-12) 16(0-79) 25(0-120) 160(0-790)  630(0-3,200)
Female Nonsmokers 3(0-16) 19(0-97) 31(0-160) 190(0-970) 780(0-3,800)

* Calculated with C = 2.4 x 10-8, P = 3.0, 20-year lag. Ranges in
parentheses were estimated wit9 a lower limit of zero and an upper limit
calculated with C = 1.2 x 10~/, which is the highest estimated value
for the proportionality constant Cy (from Finkelstein, 1983).
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5) Risk assessment should not be segregated by fiber type.
6) DHS staff members believe that it is appropriate and reasonable
to extrapolate from occupational exposure measurements to

ambient air exposures.

The Department of Health Services' conclusions and recommendation were

based upon the following:

0

Asbestos has been consistently demonstrated to be carcinogenic in
animals and humans and is recognized as a human carcinogen by the
International Agency for Research on Cancer.

In occupational cohort mortality studies, exposure to the three
principal commercial forms of asbestos has been repeatedly 1inked
with increased risks for lung cancer, mesothelioma and, to a lesser
extent, other neoplasms.

Other than cancer, the most serious adverse health outcome ascribed
to asbestos exposure is asbestosis, a consequence of extensive
fibrosis of the lung due to the presence of asbestos fibers.
However, DHS staff members concur with the Consumer Products Safety
Commission (CPSC) (1983) panel that knew of “no reports of disabling
asbestosis occurring among persons whose maximum exposure to
asbestos was of the order of 1 fiber/ml (by PCM) or less". The
reserve capacity of the lung is sufficiently large that exposure to
ambjent asbestos levels does not yield asbestosis symptomatology.
Chronic exposure to asbestos can also result in pleural changes
(thickening, plaque formation, and/or ben%gn effusions), which are
generally asymptomatic.

Lung cancer and mesothelioma are the outcomes of interest for the

purpose of a quantitative risk assessment, since both are considered
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to be nonthreshold processes posing potential population risks at
ambient concentrations of asbestos. The risk assessment utilized
the work done by the CPSC (1983), the National Academy of Sciences
(NRC) (1984), Nicholson (1985), and the Ontario Royal Commission
(1984).

DHS adapted models developed and/or used by earlier investigators to
estimate risks of mesothelioma and lung cancer to the general
population, and extrapolated risks observed in occupationally-
exposed cohorts to lower levels of asbestos to which the general
population may be exposed.

In estimating tﬁe maxmium excess lifetime risks, DHS has used health
conservative assumptions. Some of the more significant health |
conservative assumptions can be classified as relating to
pathophysiology, to exposure or to the models used. These
assumptions are listed below:

Pathophysiology. The carcinogenic effects of asbestos fibers

are assumed to be exerted by short ( <5 microns in length)
-fibers as well as long ( 25 microns) ones, at doses
substantially lower than those in past occupational settings
(see Sections 9.b and 9.d of Part B). Chrysotile is assumed to
be as potent as the amphiboles in causing mesothelioma (see
Section 9.f of Part B).
Exposure. Exposure to ambient levels of-asbestos is assumed to
occur 24 hours/day at ambient levels for a lifetime (see
Section 9.f of Part B).
.Models. The risk assessment models are nonthreshold and are

linear with dose. The lung cancer proportionality constant

-12-
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“C," used by DHS was derived omitting the results from the
mining and.ni1ling epidemiologic studies (see Section 9.a.1.5
of Part B ). The upper bound in DHS risk assessment was
calculated with C] set at 0.1, which was the highest 95%
upper confidence 1imit estimated for any of the epidemiologic
studies under consideration (See Section 9.2 of Part B).

] DHS' estimated lifetime risks of lung cancer and mesothelioma due to
continuous exposure to 100 fibers/m3 of asbestos are compatible
with the range of risks derived from the reports by NRC (1984), CPSC
(1983) and Nicholson (1985). Mesothelioma risk estimates are also \
consistent with tne recent incidence data obtained from the Bay Area
Surveillance Epidemiology and End Results Program for 1973-1983.

0 Although some epidemiologic evidence suggests that the risk of
mesothelioma from exposure to chrysotile may be lower than that from
exposure to the amphiboles,* DHS concludes that there is no
compelling reason to differentiate between fiber types in risk
assessment. Mixed exposures, lack of good quantitative exposure
data, and the physical effects of different industrial processes on
asbestos fibers make the comparison of epidemiological studies
problematic in this respect. Furthermore, in animal studies
chrysotile has been shown to be at least as potent as the amphiboles
in inducing mesothelioma.

] The generally accepted pypothesis that longer and thinner fibers
have greater carcinogenic potency than shorte} and/or thicker fibers

was based on Stanton's study in which animals exposed to large

*

AmphiboTe asbestos is a general term for all varieties other than
chrysotile.
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numbers of long, thin fibers produced the highest incidence of

mesotheliomas. However, DHS staff members have found limitations with

the experimental basis for this hypothesis. These limitations are:

1)

2)

3)

4)

5)

6)

The experimental model can be directly applied only to
mesothelioma;

The range of fiber dimensions used in the study is incomplete
or uncertain due to the inherent problem of accurately
measuring asbestos fibers and the di fficulty of obtaiping the
exact distribution of fiber dimensions;

Further analysis of the experimental data indicates that
carcinogenicity appears to be a continuous, increasing function
of the aspect ratio of fiber dimensions;

Although the clearance of shorter fibers is more efficient such
clearance is neither instantanous nor complete;

Most asbestqs fibers found at the pleura are short (< 5
microns), fine chrysotile, as opposed to the mixed fiber
populations found in the lung parenchyma; and

The relationship of physical dimensions of fibers and their
translocation and final deposition to target organs in humans

has not been well characterized.

II1. REGULATORY BACKGROUND AND PROCEDURES

Division 26, Chapter 3.5 of the HSC and Food and Agriculture Section

14021 et seq. set forth the procedure for 1dentify1ng and controlling toxic

air contaminants in California. (These provisions were enacted in September

1983 as Assembly Bill 1807, Stats. 1983, ch. 1047). The Department of Food

and Agriculture is responsible for identifying and controlling TACs in their

pesticidal uses. The ARB has authority over TACs in all their other uses.

-14-
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HSC Section 39650 sets forth the Legislature's findings about substances
which may be TACs. The Legislature has declared:

“That public health, safety, and welfare may be endangered
by the emission into the ambient air of substances which
are determined to be carcinogenic, teratogenic, mutagenic,
or otherwise toxic or injurious to humans."

The findings also include directives on the consideration of scientific
evidence and the basis for regulatory action. With respect to the control of
TACs, the Legislature has declared:

"That it is the public policy of this state that emissions
of toxic air contaminants should be controlled to levels
which prevent harm to the public health."

The Legislature has further declared that, "while absolute and undisputed
scientific evidence may not be available to determine the exact nature and
extent of risk from toxic air contaminants, it is necessary to take action to
protect public health."

In the evaluation of substanceg, the Legislature has declared that the
- best available scientific evidence, gathered from both public agencies and
private sources, including industry, should be used. The Legislature has also
determined that this information should be reviewed by a scientific review
panel and by the public.

The Board's determination of whether or-not a substance is a toxic air -
contaminant includes several steps specified by HSC. First, we request the
DHS to evaluate the health effects of a substance (Section 39660). The
evaluation includes a comprehensive review of all available scientific data.

Upon receipt of a report on health effects from DHS and in consideration of

D 004207
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their recommendations, we prepare and submit a report to the Scientific Review
Panel (SRP) for its review (Section 39661). The report consists of the DHS
report (Part B), and-material prepared by the ARB staff on the use, emissions
and ambjent concentrations of the substance (Part A). It serves as the basis
for future regulatory action by the Board. The report is also made available
to the public, who may submit comments on the report to the SRP.

After receiving the SRP's written findings on the report, the Board
issues a public hearing notice and a proposed regulation which include the
proposed determination that a substance is a toxic air contaminant. If, after
a public hearing and other procedures to comply with Government Code Section
11340 et seq., the Board determines that a substance is a toxic air
contaminant, its findings must be set forth in a regulation (Section 39662).
The HSC also sets forth procedures for developing and adopting control
measures for substances identified as TACs (Sections 39665-39667).

IV. ENVIRONMENTAL EFFECTS

The identification of asbestos as a TAC will not in itself have any
environmental effects. If the Board 1ists asbestos as a TAC, the staffs of
the ARB and the air pollution control districts will evaluate the need for,
and appropriate degree of controls for emission sources. After this
evaluation, the Board and the districts may adopt emission control measures
which will result in the reduction of asbestos concentrations in the ambient
air. Any environmental effects associated with control measures will be
identified when such control measures are considered pursuant to HSC Secéions

39665 and 39666.
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V. RECOMMENDATION
Because asbestos is a known animal carcinogen and human carcinogen, has
been listed by the U.S. Envirommental Protection Agency as a hazardous air

pollutant, and is known to be emitted in California, the ARB staff recommends

its listing as a toxic air contaminant. In making this recammendation, we

note that there is not sufficient available scientific evidence to support the

ijdentification of an exposure level below which carcinogenic effects would not

occur,
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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 applied to a group
of naturally occurring mineral silicate fibers of the serpentine and amphibole
series. Serpentine minerals are "layered silicates" and only one of these,
cﬁrysotile, is an asbestos mineral. The 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 only in 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 Klamath Mountains of
California {California Department of Coﬁservation, 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 sufficiently fibrous to be used as asbestos. Of these,
tremolite and actinolite are the only ones that have been of significance in
California. Amosite has nét been found in California, and crocidolite and
anthophyllite have not been found here in commercial quantities (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. PROBUCTION

Only thre; mines produce 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, 1980).
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
manufacturers to produce various products for end users (U.S. Department of
the Interior, 1980). The longest 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-cement 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

I1-3 D 00&219




such as asbestos cement pipe, vinyl asbestos floor tile, and asbestos coatings
and sealants undergo little 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 (Versar
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 percené; 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 crocidolite. 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 expected 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. The other 13 percent were attributed to reduced ambient
exposure.

The EPA dropped its proposal to ban asbestos in February, 1985 based on
OMB's Tegal analysis which 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 a§bestos 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
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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 quarrying,
the emission estimates include total asbestos fibers emitted into the
atmosphere. For quarrying, 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
1-3 shows a typical f)ow 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 reduce dust, as well as fitting drilling equipment with cyclone
dust collectors. Generally, it is difficult to completely control mining
operations because many activities are carried out in the open. Since
California mines are required to use control methods in order to comply with
the National Emission Standard for Asbestos and to wet exposed ore, the lowest

emission factor of 5 pounds per ton was used to estimate mining emissions.
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Summary of Estimated Asbestos Emissions

Table I-]

Source Source Type
Mining Point
Milling Point
Manufacturing
Primary Point
Secondary Point
Automobile Mobile
~Brakes
Quarrying Point
Total

Emissions* Inventory
tons Year Reference
120 1984 1
340 1984 1/
4 1982 & 1984 2/
2 1982 & 1984 2/
0.8 1984 3/
0.5 1981 4
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, 1585; Yersar Inc., 1984; Iwiacher 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 1-3
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Asbestos emissions from mining operations are therefore estimated to be
approximately 120 tons in 1984.

Reported millingzemissioﬁ factors range from 12 to 80 pounds per ton if
controlled and 100 pound per ton if uncontrolled (Archer and Blackwood, 1979;
Meylan, et al., 1978; Rajhans and Bragg, 1978; Versar Inc., 1984). A number
of control methods are used fof milling 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 cyclones 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 cyclones combined
with baghouses to control emiésions during ore preparation, drying, at the
dryrock storage building, and on the milling facility. They aiso apply
chemical stabilizers and water to control emissions from mill tailings .
Assuming that both milling facilities in the state control asbestos emissions
to the lowest reported level, 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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D 004226




2. Manufacturing Emissions

“a. Primary

There are 42 identified 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 pounds asbestos per ton of asbestos used (Versar 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 1-3 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 production
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 enggged 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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Tabie I-2

Summary of Asbestos Emissiﬂp from

Primary Manufacturingl.

Friction
Products

Packings and
Gaskets

Coatings,
Adhesives and
Sealants

Cement Pipe

Paper

Plastics

Floor Tile
Total

No. of Total Tons  Emission Factors  Emissions*
_Facilities __ Processed (pound/ton) (ton/year)
2 350 0.60 0.1
2 3 0.60 < 0.1
32 4,080 0.20 0.4
2 16,700 0.30 3
1 30 1.10 <o
2 9,300 0.14 0.7
a 30 0.34 < 0.1
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.

1984.

Emission factors used were taken from Versar Inc.,
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Table I-3

= Locations of Primary Manufacturing

Facilities in California

Other 17
Los South San Contra Other2/  Ssan
Angeles Orange Coast Diego Costa Alameda Bay Area Joaquin

Product County County Counties County County County Counties County

Friction
Products 2.
Packings and 1 1
Gaskets
' Coatings,
Adhesives
and
Sealants 19 2 3 1
Cement Pipe 1
Paper
Plastics 1 1
Floor Tile 1 _ _ .
Total 24 4 4 1

Total

W
N
—

1/ Riverside County and San Bernardino County
£ San Francisco County and San Mateo County

I-13
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Summary of Asbestos E
= Seqondany Manufacturing_/

Table I-4

missioqs from

Friction
Products

Packings and
Gaskets

Coatings,
Adhesives and
Sealants

Paper

Plastics

Textiles

Chlorine
Manufacturing

Total

No. of Total Tons Emission Factors Emissions*
Facilities Processed {pound/ton) _(ton/year)
" 25 12,500 0.31 2
13 80 0.53 <0.1
1 0.2 0.024 <0.1
5 13 1.08 < 0.1
1 0.1 0.14 < 0.1
2 0.6 0.28 < 0.1
1 30 0.14 <01 _
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.

I-14
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Table I-5

Locations of Secondary Manufacturing
Facilities in California

Other 17
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 _ - _ i _ i
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 presents a summary of asbestos emissions by product
category from secondary manufacturing and Table 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 ﬁajor.constituent of automobile brake 1inings is chrysotile asbestos
which makes up about 35-60 percent of the brake liner. 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 Muhibaier, 1982).

On a sfatewfde basis, emissions from automobile brakes are estimated to
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, 1984; 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 1ittle braking is expected to occur.
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Other possible sources of asbestos emissions related to brake
1inings occur during the maintenance and repair of the liner. There are no
available estimates for emissions from these activities. However, the
concentration 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 1) emissions related to rock
quarrying operations in serpentine deposits and 2) natural weathering or other
types of human disturbance of serpentine deposits (e.g., off-road vehicle use,
road building). Eight rock quarries in the state are located in serpentine
deposits and operate on a continuous basis. The chrysotile concentration in
these quarries ranges from trace amounts to 20.0 percent by weight (Air and
Industrial Hygiene. Laboratory, 1981; U.S. Environmental Protection Agency,
1981). The number of quarries by county as identified by EPA are as follows:
Santa Clara (2), Alameda (1), Marin (1), Tuolume (3), and Shasta (1). Two of
the quarries in Tuolumne 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 was estimated to be 0.5 tons per year,

According to an EPA report, there are only 5 miles of county roads
surfaced with serpentine materig? in the state. The ARB staff believes there
may be a higher number of roads in California surfaced with serpentine
material. Information from the Siskiyou County Air Pollution Control District
indicated that a temporary rock quarry in Siskiyou County supplied serpentine

I-17 D 004233




rock for use by the U. S. Forest Service in the building of roads in the
Shasta-Trinity National Forest. Tests by the National 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 installation 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 demolition 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
assure that the asbestos containing waste is covered quickly with six inches
of compacted soil. Landfill operators are also cautioned to take actions that
ensure the compacting equipment does not become contaminated wiih asbestos
dust.

Appendix C contains the calculations used for the emission estimates

given in this chapter.
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II. PERSISTENCE IN THE ATMOSPHERE
A. CHEMICAL AND PHYSICAL PROPERTIES

Unlike many substances that are discrete entities definable by a fixed
chemical structure, asbestos fibers comprise 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, anthophyllite,
crocidolite and tremo1itel(Chronic Hazard Advisory Panel on Asbestos, 1983).
Table II-1 lists the names of the minerals included 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 itself 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 chrysotife. Fibrils, bonded together,
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-}

. Mineralogy of Commercial Asbestosl/

Commercial Name Mineral Name Mineral Group

Chrysotile Chrysotile Serpentine

Crocidolite Riebeckite Amphibole

Anthophyllite Anthophyllite Amphibole

Amosite Cummingtonjte- Amphibole
grunerite&

(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 of Asbestiform Fibers, 1984. Page 27,

Hyphenated mineral names, such as cummingtonite-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 contrasE 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 1ayer§ to roll in tubes. The Si-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 thejr
heat resistance. All 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 fs fairly well
known. Strong acids rapidly 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
chrysotile 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
will 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 industrial-commercial 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 ghe same order as those given for glass fiber and carbon
steel and are somewhat greater than those for cotton and rock wool (Selikoff
and Lee, 19?8).

2. Surface Area

In industrial terminology, surface area means degree of openness or
degree of fiberization. Each process involving asbestos f{ber requires a
degree of fiberization which, within limits, is critical for its purpose. For
example, chrysotile fibers prepared for inclusion in moulded brake linings
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 alternate 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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similar, therefore, fiber identification during analysis is difficult unless
proper laboratory equipment and techniques are used. Some of these equipment
and techniques are d;gcussed 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 SAl is
given. Table II-3 suﬁmarizes 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 § 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 and 10 long fibers per 1,000 total fibers counted in

ambient air samples.
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Table 1I-3

Summary of Average Diameters and Lengths of Samples

Collected by SAI During 1981

gl e At e
Sample Site ?;?2i§:;) %ﬁ?gﬁgns) ?&?ﬂi::;) %ﬁ?gﬁgns)

King City 0.4 4.6 -~ -
San Jose 0.14 1.3 0.14 2.0
Napa 0.12° 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 1.1 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 0.71* 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 processes associated with the fate of asbestos in the
environment are generZIIy 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 capable 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 easily reentrained
from ground surfaces (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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II1. EXPOSURE TO ASBESTOS

A. Asbestos Measurement 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 asbestos
fibers: phase contrast microscopy (PCM) and polarized 1ight microscopy
(PLM). PCM enhances the visibility of fibers under low magnification powers
of the phase contrast 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, PCM
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 method
involves counting fibers with acceptable aspect ratios and greater than §
microns in length; therefore, the smaller fibers are not counted.

There are two disadvantages 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.

D 004247
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PLM can be used to identify and characterize asbestos and non-asbestos
fibers based upon the~cnystal 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 PCM
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 1imitation 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 stand&rized
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 methodology 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
published 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 California
were reviewed to show asbestos exposure to the general population (Appendix

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

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

contract to the Air Resources Board, contained asbestos measurements from
several populated locations in the state. The samples were prepared and
analyzed using EPA's provisional TEM methodology with only a minor
modification which consisted of using a smaller pore size filter for better
collection 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 for these stu&ies. the results are not
directly comparable. 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

004249
111-3 b




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
asbestos 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 over time, annual
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 completed
using a transmission 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, howevgr, amphibole asbestos 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 particulate 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 reported 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 electrostatic
charging of the plastic filter holder (Hayward, June 1985),

Asbestos sampIiﬁg 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 related to source type and potential 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 étudy. The site names, classification
characteristics and population within a five kilometer and ten kilometer grid
area of each are 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
Tocated 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 sourczs were
identified in the vicinity of this plant.

Sonora in Tuolumne County was selected as a natural source site. Sonora
is the only one of three serpentine~rich deposit a;eas 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 Near}/
the Ten Sites Chosen for the SAI Asbestos Sampling Study

I11-7

Site Name Classification Category Population at Population at
5 Kilometers 10 Kilometers

King City Localizea 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 Qaks Urban Background Location 6,400 120,000
San Jose Industrial Source Location 180,000 620,000
South Gate Industrial Source Location 150,000 680,000
Century City Yehicular Braking Location 130,000 460,000
1/ population 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
SAIl Study
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SAI chose twg non-urban background sites at Napa and Oildale (near
Bakersfield) as being located in non-serpentine areas. These two sites
represent differing climatological settings, especially with respect to
dominant wind patterns. However, Napa County does have natural serpentine
deposits (chrysotile) throughout the county as shown in Figure I-1. The
Oildale site had the second highest concentration measured in the study. SAI
was not able to explain this value. The ARB staff believes that it is
important 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. I

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 Angeles
area; the South Gate lbcation 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 emissidhs from vehicular braking. In
order to duplicate meteorological-conditions at the Century City site and also
quantify the affect of varying traffic volumes, samples were collected on an

adjacent Sunday (low traffic volume) and Monday (high traffic volume).

5
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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 thereforg 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 limit. The analytical detection 1imit is a function of the total
area of collection filter scanned during analysis and also of the volume of
ajr 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 couhted on the sample scanned, the

concentration value based on that single fiber was used to define the
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detection Timit for the specific fiber type. Samples that were analyzed and
not having any fibers counted during analysis were classified by SAI as being
below the detection Timit (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 microns. 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 that meteorological conditions and
humidity can influence the sampling results.

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 asbestos emitted from an isolated industrial
source. All fibers sampled at the King City mill were chrysoti’e asbestos;
this is not unexpected since the milling operation processes chrysotile ore,
The maximum concentration, 140,000 f/m3, was measured in the early morning
under reduced airflow conditions. This was intended to represent an upwind
sample from a localized 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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Sum_ary of Respirable Asbestos Samples Collected by SAI During 1981

Table I11-2

Sampiing Sampling Sampling Cﬁrysogilell AmphihoTe</ Total
Sample Site Date  Midpoint Time (min) (f/m3) (f/m3)  Asbestos3/
King City  09/21/81 039:46 239 140,000 =DL 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 16:10 177 <DL <DL <DL
(Non-Urban) 10:40 179 6,300 9,500 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
13:05 210 2,700* 2,700* 5,400
13:28 248 4,500 23,000 27,500
15:30 69 <DL 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 24) 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

F Tndicates asbestos fiber concentration analyzed equals the detection 1imit

for the sampling period.
1/ 11 out of 43 (263) were below the detection limit.
2/ 19 out of 43 (44%) were below the detection limit.
3/ 6 out of 43 (143) were below the detection limit.
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higher wind conditions. Later in the afternoon, concentrations were much
lower. Results of sampling 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 (natura} source), are low in
comparison to the King City site. The high concentration at King City is
approximately six to teh times greater than the highest total asbestos level
measured at the other two sites.

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. Consequeﬁtly, it is difficult 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 than
those influenced by specific sources. Included among the other sifes were
background sites which are located away from natural asbestos deposits,
industrial sites located among a' number of commercial asbestos users, and a

site designed to fdentify the potential contribution of vehicle braking in an

urban area.
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Other sites chosen by SAI were located at Napa, Oildale, San Diego, and
Sherman Oaks. A sing]e observation of 104,000 f/m3 was measured at Oildale
in the afternoon. 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
observations 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 eaéh of the two days does not show any significant
difference related to light 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 chrysotile
asbestos level was higher by a factor of ten on Mohday. 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 III-3. In calculating these averages, concentrations
reported as below the detection limit were assigned a value of one-~half the
detection limit as determined using Figure II1I-2.* For example, a sample
collected over four hours and analyzed as below the detection limit was
assigned a concentration value of (0.5 x 2,400 f/m3) or 1,200 f/m3 for
inclusion in the averaging calculation. The averaging process tends to smooth
out the variability present among individual observations due to
meteorological and source related parameters and gives a more representative
indication of daily average concentrations and potential differences among the
sites. As noted, individual concentration measurements include levels below
the analytical detection 1imit as well as values at and above this limit. In
the previous discussion, asbestos concentrations below the detection 1imit
were so identified; in the following discussion of site averages, these values
are treated differently.

511 samples analyzed in the SAI study were collected at the same flow raté
(15.5 liters of air per minute) and counted in an identical manner.

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

Figure III-2, Since sampling times in the SAI 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

actual average if the non-detectable values are assumed to equal the detection
limit, '
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Table I11-3

Summary of Averaged Respirable Asbestos Concentrations

Sampled by SAI During 1981

Chrysotile Amphibole Total™>
Total # Samples Peak Mean Samples Peak Meag Meag

Site Name Samples DL (f/m3) (f/m3) DL (f/m3) (f/m2) (f/m°)
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 1 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 9,400 5,000 27,000
* The total mean concentrations may not total 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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the detection 1imit if less than one fiber was counted on the portion of
filter scanned. Simply because no fibers were counted, one cannot eliminate
the sample from consideration or assume 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 limit for each sample
result that was reported below the detection limit. For comparative purposes,
in Table II1-4, we present mean asbestos concentrations for each sampling site
that were calculated using three methods. The three methods are: 1) assuming
non-detectable 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 the SAl sampling study indicate that measurable airborne
asbestos concentrations are present at a number 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 f/m° to 45,000 f/m> total asbestos). Generally, the highest

concentrations were measured at sites influenced by localized and
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industrialized sources; the lowest concentrations were found at sites isolated
from asbestos emissiog sources.

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 humidity. 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 sampling, SAI also monitored site~-specific
particle concentrations. The intent of these 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 ambient levels
of potentially toxic comﬁounds. 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 limited short-term
observations. Consequently, no estimate of annual average concentrations and
associated population exposures can be made. Howevér, in some sampling
locations, a significant population resides in the area. In Table IlI-1, we

presented the population within five and ten kilometer areas for each of the

sampling locations.
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D. SOURCE OF ASBESTOS CONTAMINATION

The DHS st;ff has been investigating an asbestos contamination problem in
Alviso, California which is a small community located near San Jose (see
Appendix G). The population in a 5 kilometer area surrounding central Alviso
is approximately 31,000. Population lTocated 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 landfil11 near Alviso. Subsequent
flooding of the landfill at various times in the past 30 years have caused
contamination 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
fibers/m3 versus 12,000 total fibers/ms). This area has been designated
as a federal and state superfund clean-up site. '

E. EXPOSURE THROUGH OTHER MEDIA

Al though the primary focus of this report is exposure to asbestos 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
relative 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 di fference in the asbestos
concentrations found in the home and the ambient air, the difference in yearly
intake of asbestos fibers into the body from these two environmeﬁts was
significant. (see Table III-5)

D 004267
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Table III-5

Yearly Intake of Asbestos Fibers From VYarious Media For
An-Office Worker, House Person, ana Child

Child Houge Person Office Worker
(106 fibers (10° 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
Inaoor-0tfice v 10-200* 60-1,500
buildings with
asbestos
Indoor-Homes 1-200 1-300 1-200
with asbestos
Total** 70-4,300 20-500 70-1,700
Ingestion
Treated Water System - 400-90,000,000 500-140,000,000 50U-140,000,000

* Accounts Tor 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 limited 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 can 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 III-5 for exposures in buildings (home,
office builaings, 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 "average" home,
school, or office building but for the group of individuals affected, the
intake levels can be significantly 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 relationship of ingestion and various types
of cancer. Therefqre,.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), levels of asbestos in California drinking
water can vary from one to 260,000 MFL (million fibers per liter) 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
found at the head, compared to 15,000 MFL found just south of Coalinga. These

D 004269
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concentrations can be lowered through water treatment. However, a report done
by EPA's Health Effects Research 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 Springs 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 III-6 summarizes the asbestos
concentrations found in California water systems.

2. Ihdoor Exposure

Table III~-7 shows a summary of indoor asbestos exposure samples collected
in public and private schools and federal buildings. According to the report,
“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 airborne asbestos. Sprayed material has been applied
for building insulation and fire proofing. The EPA has now banned spray-on
application of asbestos-contﬁining 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 fndoor 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 result
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Table III-6

Asbestos Concentrations Found In California Water

Asbestos Concentrations

Treated Water {106_fibers/liter)
Los Angeles 1

San Francisco 100-130
Klamath River 260,000

Untreated Water

American River 53-5,600
California Aqueduct 300-15,000
p 004271
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Table III-7
Summary of Indoor Asbestos Samples}/

No. of Measured Congentration Equivaieqt_Co entration
Sample Set Samples (ng/mg) (f?bers/m 39.3?

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
asbestos

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 gf 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 I1I-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 compounds 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 of asbestos~-containing garments
and disallowed the use of asbestos in food, food additives, drugs, and drug
components. Manufacturers have voluntarily curtailed the use of asbestos in
other consumer products such as hair-dryers.

Nonoccupational exposures attributable to the use of manufactured asbestos
products have often been assumed to be relatively low, because aimost all
-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 matrices (Committee on Nohoccdpational Health Risks of Asbestiform
Fibers, 1984).

Exposures to asbestos may also result from the use of products made from -
asbestos contaminated substances. An example is talc, which is widely used as
a pigment, extender, or processing aid 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 Asbéstiform Fibers, 1984).
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Table 1I1-8

Indoor Asbestos Measurements Taken in a
California Building and Three Homes

Location Fibers/m3 Nanograms/m3 Description
DHS Laboratoryl/ 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 Home2/  <11,000 -- No fibers detected
(asbestos ductwork)
Berkeley Home3/ 6,000 g4 Indoor~-small fibers
(front of heat 63 1.1 Indoor-large fibers
register)
Corte Madera Home/
(before asbestos 56,000 3 A1l 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 asbestos paper.
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Memorandum

To  : stanley Cubanski, acting Director Date : February 19, 1985
Department of Health Services
714 P Street ) Subiec?: Evaluation of
Sacramento, CA ©58l4 Asbestos

(_“\

)

I am writing to formally request that the Department
evaluate the health effects cf asbestos (e.g., actinolite,
amcsite, anthopnyllite, chrysotile, crocidolite and tremolite) as
a candidate toxic air contaminant in accordance with Assembly
Bill 1807 (Tanner). According to Health and Safety Code Sections
39660-62, your Derartment has ninety days to submit a written
evaluation and recommendations on health effects of asbestos to’
the Air Resources Boz.d. If required, your Department may
request a thirty-day extension of the deadline.

From

Attached fcr your staff's consideration in evaluating
asbestos are:

Attachzent I - A list of references on asbestcs health
efZects which were identified in an Air Resources Board
letter of public inquiry and receiveid in response to
the incuiry letter;

Pttachrent II - Suggested issues which should be.
considereé in preparing the health effects document on
asbestcs fibers;

Attachmeant III - Ambien® ashestos concentration data
which snould be used to estimate the range of risk to
California residents as required in Health and Safety
Code Section 39660(c), sources of asbestos emissions
and eaission 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
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Stanley Cubanski, Acting Director -2-

legislative mandate. If you have any further questions regarding
this matter, please contact me at 445-4383 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 Panel 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
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A’. ASBESTOS INFORMATION ASSOCIATION

1745 Jefterson Dawvis Highway. Crystal Square 4, Suite 509
Ariington, Virginia 22202 e (703) 979-1150

January 17, 1985

William V. Loscutoff, Chief
Toxic Pollutants Branch

Re: Asbestos

California Air Resources Board
P.0. 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 followlng 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 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 animal
bioassay from the National Toxicology Program:

NTP. (1983) Lifetime carcinogenesis studies of amosite
asbestos in Syrian golden hamsters. NIH publication
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.

Very truly yours,

A

Government Affairs Counci
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4 CFAPart 763 . =
{OPTE-211018, TEMIAL 27094

Asbeston; Responas to Citizens’
Petiton .

AogmcY: Environmants! Protection
Agency (EPA)
ACTION: Response to Citizens' Pelition.

sumMaRrY: The Eaviroamentsl Protection
Agency {ENA) (s granung o petition filed
undes section 21 of the Toxic - * ~
Substancas Conual Act (TSCA) by the
Natural Resources Defense Council, inc.,
to prohiblit the use of asbestos in
autemobilie and truck brakes. EPA has
cammencad sn appropridie proceeding

1o address the risks which may be posed

by this use of isbestos. « .. ...
OATE: Submit written comments on ot
before March 18, 1888, st
ADDRESS: Subnilt wrilten comments In
triplicate !dentified by the document
control number (OPTS-211018) to: TSCA
Public Information Office (TS-TR)
Office of Toxic Substances, -
Environmental Protection Agency, Rm.
E~107, 401 M. SL. SW. Washington, D.C.
20460, - * - :

A copy of the petition and related
inforroation {(wath any confidential
business {nformation deleted) is located
in. Room E-107, Environmentdd ©
Prolection Agency, 401 M S, SW., .
Washington. DC 20480, - e

This msterial is available for viewing
and copying from 8 s to 4 pm.,
Monday through Fridsy, excluding legal
holidays. .

FOR FURTHER INFORMATION CONTACT:
Edward A. Klein, Director, TSCA « .-
Assistance Office (TS-rw9). Offica of .
Toxic Substancas. Environmental -
Protection Agency. Rm, E-342, 401 M 5L,
SW, Washingion, D.C. 20400, Tol-free:
{800-424-0085). .
In Wachington. D.C {554-1404), * -
Outside the USA: (Operator—202-384-

1804). am
SUPPLEMENTARY INFORMATIONE  °
L Iatroduction oo

Section 21 of the Toxic Substances
Control Act [TSCA)L 18 US.C. 2820.. .
provides that any person may petition
the Administrator of EPA to initiate & .
proceeding for the issuance, .
emendment, or repeal of a rule under,
various sections of the Act. EPA msy
hold & public besring ar msy conduct an
appropriate investigation to determine
whether the petition should be granted.
EFA must cither graot or deny g& ..
peution withis 90 days. f EPA pantas
the petition, EPA shall prociptly

commence sn appropriate proceeding. If,

EPA denies the pelition, the reasons lor
denial must be published in the Federal
Registas, and he petitioner may

commence & clvil action ln a dlairiat
enurt of the United Siates to compel
FPA 10 initiate 8 rulemaking proceeding
as requested 1n the petition Any such
cisil sction niust be filed within 80 days
sfter EPA's denisl of the petition or. if
EPA [alls 10 grant or deny the petition
within 90 days alter the petition is filed,
within 80 days following expirstion of
the 00-day responas period. ..

11. Evaluslion of the Petition
A Introductiom. 14+ ... %

On Seplembar 12 1084, EPA recsived
a petition from the Natural Resources
Defense Council, Inc (NRDC3, - .
requesting that EPA prohibit the further
use of asbestos tn sutomobfle snd truck
brakes under section 8 of TSCA. The
pelition requested & prohibition of
ssbestos in both brekes for new cars
and trucks and in replacement brakes
for existing vehicles. Tha petition srgued
that e nsks posed by asbestos la
brakes are unreasonable and bt . |
sconomically and technically feasd
substitules are available .

in order to promulgate any rules unde:
TSCA section &, the Agency must
consider 2 numbet of factors. Including.
among other things, the effects of 3
chemical substance oo human hesith
and the magnitude of exposivre: the
benefits of utilizing the substance: and
the availability of substitutes for the van
or uses of the substance being assessed.
15 U.S.C. 2805{c){1}. The Agency bas
conducted a review of the svailsble
{nformation pertaining to the ase of °
asbestos i brakes, ineluding the
information In NRDC's petition. A ©
summary of st review, incladisgan
evaloatian of thre risks posed by thisnss
and the availability of rubstitutes. s
presented below. .

8. Risk Presented by Asbestos . -
Asbestos is s demoastrated bumas
carcinogen that causes lung cancer and
mesotheliama (s cancar of the chestand
abdominal linings). as well as othertung
disorders. People are exposed X
ssbestos throughout the Life cycle of the

substance—when esbestos is mined,
milled processed, fabricated into |
Industrisl and consumer producis, aed .
when thosé produsts are used repaired,
and disposedol .* .. T - .
With regard to the use of-asbestos in
brakes, it has been estimated that about
2730 people are potentiatly exposed
dunng primary manufactunng of breke

fnction matenals, and \bat aboyt $50.000 -

people are polentially exposedto -
asbestos during sesvicing and repair of
vehicle brakes [Rel. 8). For example, | -
persons in brake service and repaw

shops typically ape exposed to astestos
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whes dust ts blows owt of breks drums
being repleced, whea brake Nolngs are
roughened to Inavare hictun
prupetties and when brade shees are
relined.

Use of ssbeatus n sohicle bralvs ray
alss result In incressnd asbetas Sbor
cancentretians o he sobicat ot Per
exampla EPA bas rvdency dat motor
vehicie braking most Hkaly contibetes
between 023 to LI perceat of he
concentrsiton of ssbestos In the smbient
air (Ref. 7]. Both general popmietion sod
warkplace exposures (o ssbestos (bens
from {ts uee In brakes may result tn en
increased number of asbestos-refated
lnesses, inchuding carcee. - °
C. Availability of Substiutas ”

The petitiones ssserts that -
economically and technicaily feasible
aubstitules, mos! prominently
semimetallic friction materials sod
arsmid fibers, are availsble o reploce
asbestos io brakes. EPA has asalysed
the avallability of sabetitotes foxr many
sibeatos products, includiag brakes. and
that analysis {s sunmartzed In
Appendix A of the “Reguistery Impact
Analysis of Controls 08 Astesias
Producty” [Ral 2} which bs included i
‘h!‘, Wit "M 1ahli x_)b
NRDC's section 2 petilion. EPA
scknowledges that new substitutes for
asbastos use U brakes are being
developed and that EPA's analyris
{sunmarized below) may oot include
recent developmends.

1. Heavy vehicle broke Alocks Braka
blocks are components of brakes that
are riveted aor boltad 15 the insides of
brake sboss 1o provide protection
sgainst the beat and wear cansed by
braking Heavy vehicle braks blocls are
used on besvy duty tucks, buses, and
other bnvy‘z:ty vehicles. Abost 34
percent of all asbestos used io brakes is
11 this category of 8e. Asbestos beavy
vehicle brake blocks sccount for about
3 percant of the markai for hesvy
vehicle brake blocks. *

« Untfl recently. he only commercially
avallable substitute for asbestos heavy
vehicle brake blocks was & semimetallic
brake block using brass end rinc chips
{8 an organic binder. B & nat coosidered
as good as asbestos becaose it performs
srmatically at different tampetatwes. N is
also considered inferior to e asbestos
brake block In resisting wesr sod
mintmizing beake fade. Recently. aramid
fiber peodocts, such a3 Keviar, bave
been Introchcad, but aramid fber
prodocts are sow more expensive han
asbestos products. and theve o oot
sufficient evideoce 1o determine

. whather aramid fiber products will be »»

effectve as asbestam in (his spplication
lnformation roggests that sech produch
may tast longer than asbestos-based
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producia. but verilication af vl - - -
information as weil as lnformetion e
price and e{Ticacy of the products ere
needed defore EPA can detrraine
whether continued use of ssbestos
Lrake bluch o praments an ynressonable
sk N -
L Light end aiediuas rohicle drum - .
broks Drwa beake um;. are
made of Fiction meerish which crver :
carved metal shows b & drem drakn.
About 48 of aB esbesios med n

brakes s la s cuiegery of
Id.k:b-bum&-hni:-.w

primarity ea the koot wheel. Howsrae,
nosl passenger vehicles till sou drus
brake linings on the resr wheeln. A2

diers drakes In the orlginal squipment
market ore ashriton ond 30 percent are
semimetollic In the teplacement brakes
wlirt-market approvimately 70 percent
of disc hrahes ate ssbesios ond I
pereeat arg sesumetallte

Semimetslilc disc beakes comt -
spprunimately 3 tmes as Much oy the
atbestos dlac brake pads. but they last
about 40 percest longes thaa e -
aabestos pade. Somimetaliic disc bruke

cannol aobetilule for asbesios disc

ake pads B svery appiication becaws
of (nfarice performance charactagiatics
EPA has information Muﬁ;&“
semimetaliic disc brakes eheuld be wsed
only {n cars with powaer brake eystams
Emuu otherwise the semimetallic

least 90 percaat of drum brake doings
are still asbestos. U
:  Untd recantly the only substitutes {os
asbestos brake Gnings which appeared
to bavs any polential were semimetallic
brake However, these products
tend 10 periorm erratically ot diferect
temperstures, fade, and producs mare
noise han sebestos-based s More
recantly, brake Dnings made wi
aramid Ober have been developed. *
However, hass are mors expessive
than the ssbestos product aod there fs
not curreatly enough [nformaloa .
availabls to jndT the performance of
sramid fTber brake Purtbermore,
EPA’s evidenca indicates that !
volams production of eramid ber « -
brakes may require substantied retooling
by brake manufacturers. Therefore,
sramid fiber brakes mey not be
svallable fn substantial quantithes for * -
several PP P

3. Hagvy vehicle diec broke pack. -
Disc brake puds are steel plotes Ened
ﬂ&bunnnh:hhMMl!"ut
o roloe. Heavy vahicies rarely aee dise
brakes. About 0.1 percant of all asbestos *
used (a brakes is i this calegery of e,

Semimetailic dsc brakn pads are
about 20 percest mors expensive thes
Ec nbb::!m dinc mbxg tey
st sbout 30 percent .-
semimetallics dise brake pads are oot
considared to be good .
rsplacements for arbestos disc beake

‘arm better ten
asbestos only {n hostlle, high-Ficton
high-beat enviroaments.

4 Light and medfom valich disc
Srake pods. Theése are the same as disc -
brake pach for beavy vebicles. cxorpt
they are smaller. Aboct 20 parcent of all
asbestos weed B brskes s s -
cat of use. Ity e llac drake - - -
Darkst, un:nl:unk brakes h::;
already me rgsr inroads, al
the drem beuks Hnings narket aramid-
based brakes we Josi beginning fo be
Introducad. Approximataly 50 percent of

kes snay sot provide snough stappleg

powsr. EPA slso has (nformation Ihpl'i .
the aemimetallic drakes ase slightly
infertor because the user has to push
harder on them Befors they ars warmed
up to get the same performance s with
ssdestoadrakes. ., .

EPA Is sware that & good deaf of
product research is balng done te ¢
develop effectve schstitutes fur -
esbestos o brakes EPA ls seeking
additicaal information on sebatiteies for
ssbesios (n brakes. .

OL Conclusion . .o

EPA has decided to grant NRDC
petition becuase the Agency belleves
that the use of asbestos in brakes does
present risks hw“ hnh&..DA -
Initiating  procesding o ga
lnlom:‘uoe oa the desirabllity and
fessibility of reducing risks associated
with the use of asbestos in beakes. EPA
will analyzs the exposure from uses of
asbestos, the risk presented by thoer
uses, and Se subefitutes for such uses.
g oyl phi s-ul

ce, . and sva
substitates for ssdwsior a Aher
snalysis of this inforee toa EPA w@
determing whet Acther sction s -
appeopriste to address the rivks which
may be posed by this ase of asbesios.

Based on ixformation revievweed W
d.u.B’Allutznputd\ouhn
unsreasonable rsk finding for an ~
immediste bas of all uses of asbestos ia
brakes st this time. Effective sybsiitutes
may sot be aveilable for cormin
applications of asbestos i brakes and

lublﬂmfu othes applications are sot -

avails sufficient quaniity becaume

of Umited production capacity. Ratooling- .

may be required to make subsututes
avalable a large yolames. - ., .

The Agency lavitas the public o
submit comments og {asues rehffng fo °
the petition. EPA is particalerly
ntarested In secal informatioa o
both the curent availability of
substitutes for asbestos In brakes and
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on Aew substitute products that are .
cutrently being developed The Aguxcy
het sn ongolng werkgroup, which will
review thess conments, will continee to
Invastigate the svallability of elfective
asbestos-freg subetitutas for usajn |
vehicle brakeg andconsider ¢
sppropriate options te address the rlsk
presanied by ssbesics ia brakes, -
IV.Record © '

EPA bas eetablishad a record for
Information relating fo the NROC
petition. The cludes
{nformatioa conslderad by RPA
developing tis cespanse and consists of
the following categories of inlormaticn:

(1) The NRDC rmhn. .
{2) Appendix A of the “Regidatory
Impact Analysis of ls om

Asbestos Produch.®

(3} Other informetion on sabatitutes *
for asbestos in brakes.

Ql) {nformation r’:vn:u troa the

ublic canceming the petition,
4 {8) Memoranda sammarizing meetings
and telephone conversations with the
public concerning the patition,

(8) Appendix } of the “Regalstory
Impact Analysis of Controls on
Asdestos Producta™ * -

{71 Appendix N of the "Regulstory
lmpact Analysls of Conirols oa
Asbestos Producta.”

A public -ersion of the record,
without any conflidential business -
information, ip available io the public in
the Offica of Toxic Substances Public
{nformation Office. from S s.m. 10 4 p.mn.,
Monday through Fridsy, except legal
bolidays. The Public Information Office
is located 1o Rm. B-107, 401 M 8L, SW,,
Washington, D.C

Dated: December 14, 1084
William D. Ruckeiahown,

Adminisirotse. .
|FR Doe. 8433120 Mled 13-17-34: 1:14 pra)
SRLNE COOR ssdd-40-08
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RECENT AOVANCES IN OCCUPATIONAL HEALTH, *IOEH §723
Ed.: McDONALD, J.C. Code 43

Churchill Livingstone, Edinburgh, 1981; a4
Pages 1-13. :

1. The mineral fibre problem 48
F.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. Receatly many other fibrous minerals have been
recognised 15 potentially dangerous pollutants of the eavironment. The majority of
these materials are narurally occurring, others are synthetic. The natural fibres are
either specifically exploited for commercial purposes or else occur as stmospheric
contaminants which are released during mining or runnelling operations. Industry has
been developing other mineral fibres as a substitute for asbestos to meet an increasing
need for cheap and reliable materials for reinforcement, fricton products and
insuladon. The latter d=mand has been emphasised by the present fossil fuel crisis.
Minerals being exploited for a variety of purposes other than insulation and
reinforcement are known 10 consist of fibres or elongated crystals, for example, some
. . clays and some 2zolites. Thus, these minerals can be considered under the following
 groups:
1. Asbestos minerals
2. Of commerdial value )
b. As potential environmental contaminants
2. Synthetic mineral fibres
3. Other naturally occurring fibrous minerals

ASBESTOS

Asbestos of commercial value

Practcally all the knowledge that is available sbout hazards associated with the
inhalation of fibrous mineral dusts has been obuined in studies of asbestos. Asbestos
consists of six naturally occurring minerals: chrysodle, crocidolite, amosite, anthoph-
yllite, tremolite and actinalite. Chrysodle is a member of a group of minerals referred
to as the serpentines and is composed almost exclusively of magnesium in combina-
tion with silica. It has s sheet structure which curls to produce hollow tube-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 silicstes, but they vary in
chemical composition. Crocidolite and amosite are iron-rich varieties, anthophyilite is
a magnesium rich mineral, while tremolite and actinolite contain 2 large amount of
calcium together with magnesium.

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 commercdial
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 MINERAL FIBRE PROBLEM 3

With the development of more sophisticated techniques it is now obvious that &
correct estimation of the number of fibres in tissue or environmental samples can oaly
be obrained 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 quesdon of the amount, size and type of fibre found in tssue which can be
related to the diseases 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 without evidence of disease; in cases of asbestosis the count is usually over 108,

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 marure become acellular and avascular. This
avasculariry 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 fibrosis, leaving the
lungs en cuirasse completely sheathed in a thick layer of Sbrous dssue. Unlike
plaques, generalised pleural thickening can restrict the expansion of the lungs and
cause breathlessness,

3. ASBESTOSIS

Asbestosis is 2 slowly progressive and persistent interstial 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 has been retained, the
individual lesions in the alveoli join up until the individual acinj 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 obscursd 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 2
cigarette smoking worker heavily exposed to asbestos developing lung cancer is 25 to
50 times greater than an age matched non-smoker who has not worked with asbestos
(see ]. 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 cigareme smoking, all types of endobronchial
tamours are being seen, but the number of adenocarcinomas is sull more frequent
thas in non-exposed cigarette smokers (Kannerstein and Churg, 1972).
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THE MINERAL FIBRE PROBLEM §

of fibre; apart from mining aress, pure exposure is rare. South African experience
with crocidolite has been repeated on 3 smaller scale at Wittenoom in Western
Australia, where mesotheliomas have occurred, both in those employed in the mines
and in the environmentally exposed population (Hobbs er 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 to have had a pure exposure. Pooley’s analysis of the
Jungs of the Nottingham cases also showed significant amounts of chrysodle, but not
more than is found in autopsy material generally. The technique developed by Pooley
(1975) for the identificadon 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 parallel examination of appropriate
controls. The comparisons made between the fibres in the Jungs of the mesothelioma
cases and coatrols 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
chrysodle fibres are found in considera®.c quantity equally in cases and controls. In
Britain, crocidolite and to a 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 workess exposed
to amosite but has not reported on the fibre content of their lungs. The Advisory
Commirtee to the Secretary of State for Employment (Health and Safety Commission,
1979) concluded that in the causauon 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 cond-
nued in collaboration with Stanton and Wrench (1972); Pott et al (1972) undertook
similar intraperitoneal investigadons. This work has indicated that the size of the
fibres was more n:npomnt t.han their nanure.

IMPORTANCE OF FIBRE SIZE
The significance of the physical characteristcs 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 3 fibre would be
inhaled. The finer the fibre the more easily would it reach the lung parenchyma.
Later, Timbrell et al (1570) 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 a2 woven coil formaton, 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
aqueous soludon can divide longitudinally into fibrils which under some circum-
stances are straight and have similar properties to very fine amphiboles. The typical
clectron microscopic appearance of asbestos fibres is shown in Figure 1.1.
Calculations and experiments with casts of the lower respiratory tract showed that
fibres up t0 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 hazardousto man, whether of asbestos or other type.

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

Asbestiform minerals contaminating banded ironstone

Although it has been known for many years that banded ironstone deposits frequently
contzin 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 example, 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 bazard 10 man has been
established. All the fbres are below 5.0 um in length. In a large South Dakota gold
mine the ore-bezring rock was cummingtonite — grunerite (a close relaton of
amosite) and some fibres were found in the dust. It was suggested that these fibres
were associated with an increzsed ipcidence of carcinoma of the lung, but these
findings were not confirmed by the investigadons of McDonzld 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 o consamingms of other mineral deposits

The fibre dimensions of tremolite vary even more between deposits than the other
amphiboles. A coarse flake-like tremolite occurs as a contaminant of talc in California;
this material does not cause tumours 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 chrysotle 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 etology of pleural plaques and pulmonary
fibrosis is sdll uncertain. In the talc mines in the northern part of New York State
there is contamination by 2 finer fibrous tremolite, and 3 few mesotheliomas and
carcinomas of the Jung have been reported among the miners (Kleinfeld et al, 1967).
Practically pure temolite of 2 coarser rype has been used in Eastern Turkey for
stuccoing houses. Yazicioglu (1976) found a significant incidence of pleural plaques
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 agricultural soil

A further source of fibrous mineral exposure only recently appreciated, may prove of
consequence. Evidance is stll fragmentary, and the only confirmed situation is in
Bulgaria, where Burilkov and Michailova (1970; 1972) found pleural plaques in
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Fig. 1.2 Electron micrographs of synthetic
vitreous fibres

GLASS FIBRE (CODE 100)

e
10 um

pardcularly on factory floors, and occasionally for agricultural and pharmaceutical
purposes. Information is scanty concerning the size and shape which parnicies of these
fibrous minerals assume under a range of potendally relevant natural and artificial
conditions; nor is much yet known about their biological activity in various in vizro
tests. Animal experiments have been recendy inidated in which scpiolite and
attapulgite fibres are inhaled or implanted intrapleurally; the results will not be
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TURKISH FIBRE ERIONITE FROM USA

Fig. 13 Electron micrographs of dispersed samples of synthetic and paturaily ocsurring Sbrous
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 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 non-asbestos minersl
fibres of less than 0.5 yum in diameter and greater than 8 um in length may be
hazardous. Some fibrous clays have already besn shown to cause mesothelioma
experimentally while epidemiological evidence suggests that fibrous erionite may well
have been responsible for & very high incidence of mesotheliomas in man.

Changes in industry and commerce are leading to human exposure from 2 variety of
natural and synthetc 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.S5. ARMY ENVIRONMENTAL HYGIENE AGENCY

ABEROEEN PROVING GROUND. MARYLAND 21010-8422

JAN 30 o5

ALPLY 1O
ATTENTION OF

Occupational and Environmental
Medicine Division

William V. Loscutoff

Chief, Toxic Pollutants Branch
California Air Resources Board
P.0. 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 wnich you may want to review. The title
is: Asbestos - An Update of Epidemioclogy and Pathology 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. A copy can
be obtained by requesting report number 84-125C011BOB from
either the Nztional Technical Information Service or the
Defense Techrical Information Center.

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

Sincerely,

fol bz At n

Colonel, Medical Corps
Director, Occupational and
Environmental Health
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Attachment 11

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 generic 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, crocidolite and tremolite. Because of
the provisions of Article 39655 of the Health and Safety Code, it
will be important to include at 1least 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
relationships 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,

I11.

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

Threshold Deterﬁ?nation of Asbestos

A.

There is no strong positive experimental or epidemiological evidence
that asbestos has a carcinogenic threshold. 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 1likely to have a threshold.
Therefore, the possibility that a single fiber of asbestos is
capable of producing cancer would appear to need discussion.

Dose-Response Estimates of the Carcinogenicity of Asbestos

Choices and related considerations are as follows:

A.

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

The choice of using lung cancer or mesothelioma or both as the
biological endpoints 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.

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

References:
EPA Review Draft (1984) Asbestos Health Assessment Update.
U.S.E.P.A. report (EPA-600/8-84-003A), 133pp.

IARC (1982) IARC Monographs on The Evaluation of The Carcinogenic
Risk of Chemicals to Humans. IARC Monography Supplement 4, P.52-53.
World Health Organization.

IARC (1977) [IARC Monographs on The Evauation of Carcinogenic Risk
of Chemicals to Man--Asbestos. Vol. 14, 106pp. World Health
Organization.

NRC (1984) Asbestiform Fibers--Nonoccupational Health Risks.
Committee on Nonoccupational Health Risks of Asbestiform Fibers,
National Research Council, National Academy Press, 334pp.
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Attachment III

Ambient Asbestos Concentrations, Asbestos Sources
and Emission 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 used
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 acceptable degree

of accuracy.

Sources that lead to community exposure to asbestos are:
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0 asbestos mining and milling operations;

0 floor tile préduction;

) gaskets and packing production;

o manufacturing of friction products;

0 paints, coatings and sealants production;
0 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 releases to the
atmosphere. Other potential sources contributing to community

exposure to asbestos are:

] 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

linings);

A-29

D 004305



0 Demolition operations; and

) Fiber 1oss 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 1982.34§/ Ne 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.

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

2/ - praft Final Report-Exposure Assessment For Asbestos prepared
Dy Versar Inc. for the U.S. tnvironmental Protection Agency,
January 9, 1984, pg. 24,

3/ 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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Attachment IV .

Sampling and Analytical Methods

]

The goal of Science Applications, Inc. (SAl) 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 to a
cross-section of geographical sites based on emission/exposure
potential. To examine maximum asbestos level conditions,
sampling was done during the dry period of the year. Sampling
methods adopted for the study followed protocols established by
Dr. Walter John of the Air and Industrial Hygiene Laboratory in
1976, 1978, and 1980. The samples were analyzed by transmission
eléctron microscbpy according to the measurement and verification
procedures specified by the U.S. Environmental Protection Agency

(EPA) in their provisional method (1978).

Since previous SAI surveys using electron microscopy
showed that 90 to 95 percent of asbestos fibers in the ambient
environment are shorter than 5.0 um, a single-point cyclone
sampler with a collection efficiency of So_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

A-31
D 004307



was used to ensure even distribution of particles across the

filter face.

The project was 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
sources. 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 Fernando Valley, and Sonora. Century City,
Bakersfield, 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 results, values shown as
zero are below the detection limit. Detection iimit 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 scanned, the value obtained was used to derive the
detection limit. Samples having less than one fiber found during
analysis were defined as being below the detection limit. All
the samples analyzed were counted in an identical manner and had
been collected 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 fulfili quality assurance requirements, the
University of Washington Transmission Electron Microscopy Center
was provided with replicate filter samp]és for an interlaboratory
comparison. The samples were analyzed according to the EPA
provisional method and the data returned to SAI 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 San Diego. The Napa sample was done in

duplicate by both Taboratories 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 samples was for the
duplicated background control samples done by the University of
Washington. Although 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 results for
the other replicate samples are in all cases less than the

variation in the single duplicate analysis.
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STATE OF CALUFORNIA GEORGE DEUKMESIAN, Gowemor

AIR RESOURCES BOARD
1102 Q STREET

P.O. BOX 2815 =
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 air 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 toxic air contaminant,
several steps nust be taken. First, the ARB must request the Department of
Health Services to evaluate the health effects of candidate caapounds.
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 subnit
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
the Scientific Review Panel, the report with the written findings of the Panel
will be considered by the Air Rescurces Board and will be the basis for any
revulatory action by the Board to officially identify a coapound as a toxic
air contaminant. '

Prior to formally requesting the OHS to prepare a health effects evaluation of
asbestos, we are providing, pursuant to the provisions of Section 39660(e) of
the Healtn 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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-2~ December 7, 1984

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 Taxline, Medline, and Biosis databases available from
NLM ana Dialog Inforuation Services. The search was limited to material
available to the public between January, 1980 and July, 1984. The attached
bibliography lists the references froam 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 (Government 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 prohibpited by law. The informiation umay 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 inforuation. 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 exenpt froa aisclosure may be identified as
confidential in accordance with Section 91011, Title 17, California
Aawinistrative Code. 3ection 91011 requires that the claim of confidentiality
be acconipanied 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:

William V. Loscutoff, Chief
Toaxic Pollutants Branch

Re: Asbestos .
California Air Resources Board
P. 0. Box 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 lir. Robert Barham at (918) 322-7072.
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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 caapounds, and if not, if there is anyone in your
organization to whom such requests should be sent.

Sincerely,

Peter D. Venturini, Chtef——u-—__
Stationary Source Division B

cc: Alex Kelter, DHS
Lori Johnston, DFA
Wayne Moryan, President, CAPCOA
Jan Bush, Executive Secretary, CAPCOA
David Howekamp, EPA Region IX
Assemblywoman Sally Tanner
Senator Ralph Dills
APCOs
Emil Hrak, Chairman, and
Scientific Review Panel Members
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Mr. William V. Loscutoff, Chief

UNITED STATES ENVIRONMENTAL PROTECTION AGENCY

Toxic Pollutants 3ranch

Re:

California Air Resources B8oard

Asbestos

P. 0. Box 2815
Sacramento, CA 95812

Dear Mr, Loscutoff:

December 7, 1984, has been forwarded to my office,

WASHINGTON. D.C. 20460

MR 41985

OFFICE OF

RESEARCH AND DEVELOPMENT

A copy of your request for information regarding ashestos, dated

The Office of Health

and Environmental Assessment has published a document entitled, .Asbestos

Health Assessment Update.

The order number is PB-84-186832.

National Technical Information Service

5285 Port Royal Road
Springfield, VA 22161

1 hope the information will be useful to you.

please feel free to call me at 202/382-7345,

Sincerely yours,

e /72%2
Marie C, Pfaf

The document is a First External Review Draft,
datad February 1984, and we plan to revise it later this year,

we have run out of copies, but the document is available from:

Unfortunately,

If you have questions,

Technical [nformation Staff
Office of Health and Environmental

Assessment

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
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 independent 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 regulated and suspected toxic air
contaminants. These concentrations are evaluated with respect to the
current QOccupational 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.

Youré 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 21010-8422

s JAN 30 i985

ARLPLY TO
ATTENTION OF
Occupational and Environmental
Medicine Division

William V. Loscutoff

Chief, Toxic Pollutants Branch
California Air Resources Board
P.0. 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 Occupational
and Environmental Health Laboratory, Aerospace Medical Division,
Brooks Air Force Base, Texas in February 1984. A copy can
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 should be directed
_ to Major Robert W. Petzold, M.D. at telephone number 301-6T1-2464.

Sincerely,

ZénléaaéLA?:lch 42;E4~4¢f=—
oel C. Gafdos

Colonel, Medical Corps
Director, Occupational and
Environmental Health
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A" ASBESTOS INFORMATION ASSOCIATION

1745 Jettersdon Dawvis Highway, Crystal Square 4. Suite 509 / \3
Arlington Virgima 22202 e (703) 979-1150 ! b
January 17, 1985 L //////
William V. Loscutoff, Chief | \

Toxic Pollutants Branch

Re: Asbestos

California Air Resources Board
P.0. 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 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 animal
bioassay from the National Tqxicology Program:

NTP. (1983) Lifetime carcinogenesis studies of amosite
asbestos in Syrian golden hamsters. NIH publication
number 84-2505.

B-17 C D 004328

AN 2 o 588



Page 2

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.

Very truly yours,

Nicholes J. Hluchyj, EE~®\
Government Affairs Counci&-
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Fedaral Reyister / Vol. 49. No. 245 / Wednesday, Decembior 19, 1964 / Proposcd Rules

40CFR Part 763

(OPTE-211016, TEM-TAL 27284}
Asbestos; Response to Citlzens’
Petition

AatnCy: Environmental Protection
Agency (EPA).
AcTiON: Responaas to Cltlzens’ Petition.

tuxsany; The Environmental Protection
Agency (EP'A) Is granting s petition {iled
under saction 21 of the Texic ° -~
Substances Contral Act (TSCA) by the
Natural Resources Defense Council. Ine.,
to prohibit the use of sabestos tn
sutomobile end truck brakes. EPA has
commencad an eppropriate procaeding
to address the risks which may be posed
by this use of asbestos. + .. .. .
OATE Submil writlen comments on ot
before March 18, 1985, o
AODRESS: Submilt writlen comments In
triplicate Identified by the doct t
control number (OPTS-211015) to: TSCA
Public Information Office (TS-73).
Office of Toxic Substances.
Environmental Protection Agency, Rm.
E~107, 401 M, SL. SW. Weshington. D.C.

A capy of the petition end releted
inforrnation (with sny confidential
business information deleted) Is located
in: Room E-107, Environmental -
Protection Agency, €01 M SL, SW., .
Washington. DC 20480.

This matenal is available for viewing

and copying [rom 8 a.m. to 4 p.mn..
Monday through Friday, excluding legal
bolidays.
FOR FURTHER INFORMATION CONTACT:
Edward A. Xlein. Director, TSCA - -
Assistance Office (TS~-799), Office of
Toxic Substances, Environmental -
Protection Agency, Rm. E-S42 ¢01 M SL.
SW. Washington. D.C. 20460, Toll-free:
(800-424-9085}, ..
In Washingtlon. D.C. {554-1404), -
Outside the USA: (Operator—202.

1404). i

SUPPLEMEKTARY INFORMATION -
L Introduction L
Section 21 of the Toxic Substances
Control Act (TSCA), 15 U.S.C. 2620,
provides that any person may petition
the Administrator of EPA to initiste a .
proceeding for the issuance, *
amendment. or repeal of 8 rule under
various sections of the Act. EPA may
hold & public heanng or may conduct an
appropriate investigation to determine
whether the petition should be granted.
EPA must either grant or deoy the
petition within 90 days. If EPA pants
the petition, EPA shall promptly B
commence an appropnate proceeding. If
EPA deries the petition, the reasons for
denal must be published in the Foderal
Register, and the petitioner may

commenas a civil ection (n & dlatAct
eourt of the United States to compel
El'A to inltiste s rylemaking proceeding
as requested \n the petition Any such
civil action must be filed within 80 days
olter EPA's dentsl of the peution oe. §
EPA {ails to grant or deny the patiion
within 90 days after the petition !s Nad
within 60 deys following expirston of
the G0-day response perfod.  «

11 Evelustion of the Petition
A. Introduction.” - X

On Beplember 12,1084, EPA recalved
s petivon from the Natursl Resources
Defense Council lnc. [NRDC}, - .
requesting that EPA prohibit ths further
use of asbestos tn sutomobile and Luck
brales under section 8 of TSCA. The
petition requested & prohibition of
ssbestos in both brakes for new cars
snd trucks and In replacement brakes
for existing vehicles. The petition argued
that the risks posed by ashestos in
brakes are unreasonable and that
sconomically and technically fessible
substitutes are available. .

in order to promulgate any rules undet
TSCA section &, the Agency must
consider 8 number of factors, including.
sm~ng other things, the effects of 8
chemical substance on human health
and the magnitude of exposure: the
benefits of utillzing the substance: and
the availability of substitutes for the use
ot uses of the subst ing d
15 U.S.C. 2605(c)(1). The Agency bas
conducted a review of the available
information pertaining to the ase of *
asbestos in brakes. including the
information tn NRDC's petition. A -
summary of that review, {ncluding an
evaloation of tre risks posed by this use
and the svailability of substitutes, s
presented below.

B. Risk Presented l;y ,.hbe:ta" L.

Asbestos is s demonsirsted buman
carcinogen that causes lung cancer and
mesothelioma (8 cancer of the chest and
abdominal linings), as wall as other lung
disorders. People are exposed to
asbestos throughout the lifs cycle of the
substance—when asbestos is mided,
milled, processed, fabricated into |
industrial and consumer products, snd
when those products are used. repaired.
and disposed of. ° o

With regerd to the use of ssbestas i
brakes, it has been sstimated that about
2.750 people are potentially exposed
dunng primary manufacturing of brake
tnction matenals, and that sboyt $30.000
people are potentislly exposed to
ashestos dunng servicing and repaic of

vehicle brakes (Ref. 8] ¥or example, _ -,

persona lo brake service and repaip

shops typically are exposed 1o asbestos

8-19

wles dust s blows owt of Dreka drums
belr\t replaced. whea dreds Noings orv
roughened 10 Incvase bk bun
prupertims and when brede shors ore
relined.

Use of sabestus bn vehicle brales ray
0130 result In increased asbestos Sbor
concentrations Un the ambieat ole. Per
exampla, EPA bes rv.dence thal molar
vehicle braking mos! fkaly contridbeics
between 023 to 1.3 percent of the
concentration of ssbestos (n the ambieat
ait (Ref. 7). Both general popalatios sad
workplace exposures to asbestos fibers
from {ts ose in beshes may result to an
incressed number of asberstos-reluted
finesses. inchuding carcer. -~ °
C. Availability of Substtutes

The petitioner sssarts that -
economicalty snd technicaily fensible
substiules, moe! prominently
semimetallic {rictioa materials sod
aramid fibers, are available to replace
ssbestos (o brakes. EPA has analyzed
the availability of sabstitutes for meny
asbestos products. incdudiag brakes. and
that analysis {s sunmarized In
Appendix A of the “Reguistory lnpect
Anslysls of Controls oo Asbestos
Products™ {(Ref 3} which ls included w
the public record established far
NRDC's section 21 petition. EPA
scknowledges that new substitutes for
asbestoa use i brakes are being
developed and that EPA’s mmalysis
[summanied below] may aot joclude
recent developments,

1. Heavy vehicle broke blocks. Brake
blocks are componeats of brakes that
are riveted ot boited to the tnsides of
brake 1hoes 0 provide protection
against the best and wear cansed by
braking Heavy vehicle brake blocks are

used onhu? duty trucks, buses. and
other heavy duty vehicles. About 34
perceat of all asbestos used io brakes is
in this cat of use. Asbestos beavy
vehicle brake blocks sccount for ebout
93 percent of the marke! for heavy
vehicle brake blocks.

. Uotfl recently. the only commercially
svsflable substitute for asbestos heavy
vehicle brake blocks wus & semimetallic
brake block using brass and rinc chips
\n an organic binder. B & not cousidered
as good as asbestoy because it performs
srratically at different temperatures. N is
also considered mferior to De asbestos
brake block (n resisting wesr and
minimizing beake fade. Recentdy, aramid
fiber prodocts, ruch as Keviar. bave
been mtroducad. but aramid fiber
prodocts are now more expensive thes
asbestos products. snd there b pot
sulficient avidence o determine

. whether arsmid fiber products will be as

effecSve as ashestiom in this epplication
Information suggests Bt soch products
may tast longer than asbestos-based

—ovey -
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products. but verification of thls - - -
infurmation es well &2 iaformation e
price and eflicacy of the products are
nveded tefore EPA can J:-!mﬂm

whether continued use of asbestos in
brih bluchs pr lsanv Dl
rish. M

3 W awdium vohicle drum - .
broke Deum beake llnk;' ae
made of friction meterials which owver -
ourved meiad shoes s & drum Deska.
:botul 0: l!:-tu of a8 ubuud aq:h

raken s cxtegery of 1o
vehicls asbestos drom braks Bmicgs may
be used In both the froatand reer -
brakes of ¥ght and medium vehicles, .
primarily em the krout whesls. Howeves
nost passenger vehicles oill o dewn
brake linings on the mar wheels. At
least 99 percent of drum btrake kicings
are still asbestos. o

Until recantly the only substitutes {or
ssbestos brake Gnicgs which sppeared
{0 bave any potestial were semimetalBic
beake linings. However, these ucta
tend to perform erratically ot ilferens
teraparatures, fade, and produce more
noise than asbestos-based I’lnh&s Maore
recantly, brake linings made wi .
aramid Ober have been developed. *
However, these wre mors expeasive
tan the asbestos product and there s
not currently esough information
svailable to judge the performance of
aramid fiber brake linings. Furtbermare.
EPA’s evidence indicates that large
volame production of aramid 8ber * -
brakes may require substantial retoching
by brake manufacturers. Therefore.
aramid fiber brakes may not be
svailable In substantial quantitites for * -
“V"‘lm . M

3. Heavy vehicle dlec beoke pode. -
Disc brake pads are sieel plotes ¥nod
with frictions meterials which rub a t
8 rotor. Heavy vahicies rasely wew dise
brakes. About 3.1 p
used (n brakes is i this calrgery of wee.

Semimnetallic disc braks pads are
about 20 percent nore sxpensive than
the asbestos dinc braks pads but they
Last sbout 30 percant longez. Tha .
semimetailics disc beuks pads are oot
considered to be '
replacements for asbestos disc Srake
pads for Seavy vebicles becsnmm
semimetaOics perform better than
asbestos only {n hostile, high-fictfon,
high-kest enviroements.

4. Light and medtoe vehick disc
broks pods. These are the same a8 disc -
brake pedy for beavy vebices. except
they are smaller. Aboot 20 percent of &l
asbestos ased In brakes (s o iy
category of ere. ln e diac brake -
mnarket, semimetallic brakes bave
tlready made larger tnroads. amd as n
the druss brake linings market. aramid-
based brakes are fost beginmngfobe
introduced. Approximately SO percent of

P

t of all ssbestos -

diers Brakes In the original equipmemt
marhet are ashedtos snd 30 percent are
semimetallic In the replacement brales
slirr market approximately "!.)rrerm
of disc hieahes are ashestos snd 0
porecat are semimetalie

Semimetallic disc brakes com -
sppruxinuately 3 Gmes a3 much oo the
ssbeston dise brake pads. but they last
about 40 parcaat longes thaa the -
ssbestos pade. Semimetaliic diss brshe

cannol rvbstituts for asbesios diec

ake peds in every appiicaties bacawse
of (nfarlor parformance charsctaraicn
EPA has information indl hat
seninsiallic disc brakes o usad
only in cars with power braks tystems
gee:me o!heM.u'::“ umuu‘l: o

rakes may oot provide enough s
power. EPA also hai Information Ihpl’l .
the semimetailic beakes are slightly
Inferior because e user has to push
harder on them before they sre warmed
up to get the same performencs st with
asbestos brakes. |, .

EPA s sware tha! a good dufol_

ssbestos in brakes EPA is sreking
sdditional information an sabsGhuies for
asbestos [n brakes. . -

DL Condusios .- .

EPA has decided to grant NRDC™
petition becoase the Agency belleves
that the use of asbestos in brakes does
present risks %0 bumas hesMA EPA is
initiating a procseding 10 gather
information oa the desizabllity and
feasihility of reducing risks associated
with the use of aabestos ia brakes. EPA
will analyzs the exposure from uses of

bestos, the Hsk pr d by thoer
uses, and the scbefttutes for ruch vres.
EPA will llnplb‘tr hlovumnddbc

. efficacy, snd avaitabiiRy
mﬂbﬁn for asbesion in brakea. Afer
anslysis of this irforme Son. EPA will
determing whet furthes sction is -
appopnats to address the risks which
may be posed by this use of xsbestos.

Based o2 information revievsd W
date, EPA is oot prepared in maks so
un ble risk finding for an
Immediale ban af all uses of asbestos la
brakes af this time. Effective sybstitules
may ot be avsillable for cermin
applications of asbestos tm brakes amd

uubmgu‘:uw other applications are sot -

avails suflicieot quanlity becaume
of limited production capacity. Retooll

may be required to ciake substitutes
avatsble in large volumes. - ..

The Agency invites the publicto
submlit comments op Issues relating to *
tha petition. EPA is partdcalerly
Interested (n receiving laformation am
both the current avaflability of
substitutes for ssbestos In brakes and

8-20

on asw substityte producis et sre .
currently being developed The Aguxy
has an engoing workgroup, which will
review thess comments. will continee i
invastigets the auﬂobll\Lol fective
asbeston-free substituies fer vsajn |
vehicle brakes, and considee ¢ 1
appropriste optioas 1o address the risk
presented by ssbestos ia brakes, -

IV.Record ~ *

EPA has sstablishad a record for
Infermation rejeting fo the NRDC
peUtion. The ocludas
informatioa consldersd by EPA In
developing thls respanse and cansists of
the following categories of infarmation:

{1) The NRDC petitian. | .

(2} Appendix A of the *“Regulatory
Impact Analywis of Controls on_
Asbestos Produce.”

{3) Other information on substitotes °
for asbestos in brakes.

{4) Information recelved trom the
public concermning the patition.

{3) Memorands summarizing meetings
and telephane conversations with the
public concerning the patition.

(8) Appendix | of the “Regulatory
Impact Analysis of Controls on
Asbestos Products.” -

{7) Appendix N of the "Regulstory
Impect Analysis of Cantzols on
Asbestos Products.”

A public version of the record,
without any confidential business
information. lg available o the public in
the Office of Toxic Substagces Publie
Information Office, fom 8 a.m. to 4 p.ore
Monday through Friday, except lega!
bolideys. The Public Information Offics
is located in Rm. £-107, 401 M SL., SW,
Washington. D.C.

Dated: Decamber 14, 1984
Willlam D. Ruckelehovus,

Administrotor.
|FR Doc. 84-33120 Filed 12-17-84; 1:14 pon]
UG COOE $600-00=t
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FROM: RECENT ADVANCES IN OCCUPATIONAL HEALTH, *IOEH 5723
Ed.: McDONALD, J.C. Code 43
Churchill Livingstone, Edinburgh, 1981; 44
Pages 1-13. _ 22

1. The mineral fibre problem 48

J.C. Wagner P.C. Elmes _ gg
' 90
82

For many years interest in the biological effect of mineral fibres was mainly confined
to the commercial types of asbestos. Recently many other fibrous minerals have been
recognised as potentially dangerous polluzants of the environment. The majority of
these materials are naturally occurring, others are synthetic. The natural fibres are
either specifically exploited for commercial purposes or else occur as atmospheric
contaminants which are released during mining or tunnelling operations. Industry has
been developing other mineral fibres as a substitute for asbestos to meet an increasing
need for cheap and reliable materials for reinforcement, friction products and
insulation. The latter dernand has been emphasised by the present fossil fuel crisis.
Minerals being exploited for s variety of purposes other than insulacdon and
teinforcement 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
' groups:
1. Asbestos minerals
2. Of commerdal value
b. As potentia] eavironmental contaminants
2. Synthetic minera] fibres
3. Other naturally occurring fibrous minerals

ASBESTOS

Asbestos of commercial vaiue

Practically all the knowledge that is available about hazards sssociated with the
inhalation of fibrous mineral dusts has been obtained in studies of asbestos. Asbestos
consists of six narurally occurring minerals: chrysodle, crocidolite, amosite, anthoph-
yllite, tremolite and actinolite. Chrysotile is 2 member of a 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 tube-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
3 magnesium rich mineral, while remolite and actinolite contain 2 large amount of
calcjum together with magnesium.,

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 commerdal
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

t
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THE MINERAL FIBRE PROBLEM 3

With the development of more sophisticated techniques it is now obvious that a
correct estimation of the number of fibres in tissue or environmental samples can only
be obtained by examination under s 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 to the diseases which will be described later, cannot be stated with confidence
at 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 109,

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 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 fibrosis, leaving the
lungs en cuirasse completely sheathed in a thick layer of fibrous tissue. Unlike
plaques, generalised pleural thickening can restrict the expansion of the lungs and
cause breathlessness.

3. ASBESTOSIS

Asbestosis is a slowly progressive and persistent interstitial fbrosis 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 has been retained, the
individual lesions in the alveoli join up until the individual acini become linked in a
fibrous mesh, the process starting at the base of the lung and graduaily spreading
upwards. This process is fairly well established before there is recogniton 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 times 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-
nan, 1965). With the increase in cigarette smoking, all types of endobronchial
rumours are being seen, but the number of adenocarcinomas is sull more frequent
than in non-exposed cigarette smokers (Kannerstein and Churg, 1972).

B-22
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THE MINERAL FIBRE PROBLEM S

of fibre; apart from mining areas, pure 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 environmentally exposed population (Hobbs et al, 1980). Nothing
comparable has been reported for chrysotle, amosite or anthopyllite mining. The gas
mask workers investigated by Jones et al (1976) and some of those by McDonald and
McDonald (1978) sppeared 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 complexity
of the situation gives emphasis to the need for the parallel examinadon of appropriate
controls. The comparisons made between the fibres in the Jungs 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 Canada has shown that
chrysotile fibres are found in considerable quantity equally in cases and controls. In
Britain, crocidolite and to a lesser extent 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
Commirtee to the Secretary of State 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-
nued in collaboration with Stanton and Wreach (1972); Port 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 ultimate 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 peripberal airways. However, chrysotile fibres in
aqueous solution can divide longitudinally into fibrils which under some circum-
stances are straight and have similar propertes to very fine amphiboles. The typical
electron microscopic appearance of asbestos fibres is shown in Figure 1.1.
Calculations and experimeats 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 ym (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 environmeatal contaminants
Under this heading the following situations will be considered:
1. asbestiform minerals contaminating banded ironstone
2. wemolite as 2 contaminant of other mineral deposits
3. possible contaminadion of agriculrural soil.

Asbestiform minerals contaminating banded sronstone

Although it has been known for many years that banded ironstone deposits frequeatly
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 example, 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 fibres are below 5.0 um in length. In a large South Dakota gold
mine the ore-bearing rock was cummingtonite — grunerite (a 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 deposits in the vicinity of amphibole mines remains.

Tremolite as a contaminant of other mineral deposits

The fibre dimensions of tremolite vary evea more berween deposits than the other
amphiboles. A coarse flake-like tremolite occurs as a contaminant of ralc in California;
this material does not cause tumours 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 Quebes Province in Canada. This
fibre has beea 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 a2 few mesotheliomas and
carcinomas of the lung have been reported among the miners (Kleinfeld et al, 1967).
Practically pure tremolite of a coarser type has been used in Eastern Turkey for
stuccoing houses. Yazicioglu (1976) found a significant incidence of pleural plaques
among the inhabitants. Tremolite with very fine long fibres has been mined in South
Korea (see Fig. 1.1); this fibre has beea shown to produce 3 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 agricultural soil

A further source of fibrous mineral exposure only recenty appreciated, may prove of
consequeace. 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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Fig. 1.2 Electron micrographs of synthetic
vitreous Sbres

GLASS FIBRE (CODE 100)

—l
10 um

particularly on factory floors, and occasionally for agricultural and pharmaceutical
purposes. Information is scanty concerning the size and shape which partcles 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 vitro
tests, Animal experiments have been recently initated in which sepiolite and
intapulgite fibres are inhaled or implanted intrapleurally; the results will not be

B-25
D 004336




THE MINERAL FIBRE PROBLEM 11

TURKISH FIBRE ERIONITE FROM USA

Fi._g. 1.3 Electron micrographs of dispersed samples of synthetic and saturally occurring fibrous
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 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 syathetic and natural non-asbestos mineral
fibres of less than 0.5 um in diameter and greater than 8 um in length may be
hazardous. Some fibrous clays have already been shown to cause mesothelioma
experimentally while epidemiological evidence suggests that fibrous erionite may well
have been responsibie for a very high incidence of mesotheliomas in man.

Changes in industry and commerce are leading to human exposure from a variety 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
Intecnational Union, AFL-CIO )

}\ x
Joseph Misbrener, Prenident Lt
Michaal Riciglianc, Secratary Treaster

L. Caivin Moore, Vice Prasident

Robert €. Wages. Vice Presicent

international Offices
255 Union Bivd . Lakewoad, CO 80228
303/987 2229

Mait PO Box 2812, Denver, CO 80201

Peter D. Venturini, Chief
Stationary Source Division
State of California

Air Resources Board

P. 0. Box 2815

Sacramento, CA 95812

Dear Mr. Venturini:

December 17, 1984

Reference is made to your recent request for fnformation regarding

Asbestos.

Please be advised that we have no additional information or materials
Thank you for your inquiry.

that you do not already have.

DCE:pl

Acc: R. Wages, Vice President
J. Foley, Dir Digt., # 1

D L

Dan C. Edwards, Director
Health and Safety Department
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(/ [RYAT
DEPARTMENT OF HEALTH AND HUMAN SERVICES &z&é
DiviISION OF HEALTH SERVICES

/—
COUNTY OF MARIN (ﬂL M

= HALL OF JUSTICE
CIVIC CENTER

SAN RAFAEL, CALIFORNIA /
PHONE 499-6879 B V[ 7

December 13, 1384

SECEIVED /3/ ({‘
N

- ~
Dec1s

Peter D. Venturini, Chief Jigheaay Soua

Stationary Source Division _ Divivion

Air Resources Board Aur Resources 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, ‘0o 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. It 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. |t 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 PC8s.'" 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 air we breathe (like micro-
scopic asbestos fibers) and out of the food we eat (like bjoconcentrated
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. lIgnition 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 asbestos 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,

D
*f;;gggzifi;ﬁzwca__j;;>' /é;éf:ff:fézfz‘<==:=‘
‘ = e S
Theodore 0. Hiatt, M.D.
Marin County Health Officer

TOH: jm -

CC: Willijam 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 '"Asbestos: 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 CAUFORNIA

AIR RESOURCES BOARD

1102 Q STREET

P.O. BOX 2818 = X3
SACRAMENTO, CA 95812 \

GEORGE OEUXMENAN, Governc

FT% Y

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 94303

Dear Dr. Hiatt:

Thank you for your letter of December 13, 1984, responding to our request 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 39655, 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 pollutants pursuant to Section 7412 of

Title 42 of the United States Code shall be identified by the state Air
Resources Board as toxic air contaminants (asbestos nas 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
“...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 witn
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 public health.

Please be assured that 1 share your concern with proper usage of the gnglish
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 William Loscutoff, Chief of the
“-Toxic Pollutants Branch, at (916) 322-6023. :

Sincerely,

Peter D, ! s
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. :
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. Asbestos Emission Calculations
= for Mining and Milling, 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 = ceccccccccccccccncnen- = 90 tons
2,000 1b/ton )
Mining Emissions fram KCAC Corp.

Process Rate: 21,308 tons asbestos produced

Emission factor: 3 1b/ton at 50% control from the following
activities only: 1loading, hauling and unloading

4345
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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 = cocccccmccrccaaaees = 32 tons

2,000 1b/ton

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

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

Emission = cccccccccccccacccccaeen = 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

c-2
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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 District'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 manufacturing facilities
identified by the U.S. Environmental Protection Agency (EPA)
that were not included in the 1983 South Coast survey. Overall
response to both surveys was about 70 percent. To calculate the
total emissions from all manufacturing facilities surveyed, it
was assumed that those 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

Sample calculation:

50 tons asbestos used X .2 1b/ton = 005 ton/year

in manufacturing sealants ------—-ce--

2000 1bs/ton

D 004347
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Table C-1
ASBESTOS EM£§SIONS FROM THE MANUFACTURING OF ASBESTOS PRODUCTS

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 0 0 0 - 0.32 < 0.1
8. Floor Tile - 29 < 0.1 0 0 0
9. Miscellaneous 0 0 0 - 30 <0.1
(Chlorine)
Total 4 2

* Emission estimates may not total due to rounding.

c-4
D 004348




b.  Secondary
Process Rate
Data on process rates were obtained from the 1983 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 manufacturing
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 10°-miles per day

Emission Factor

2.6 ug/km (Williams and Muhlbaier, 1982)

C-5
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Emission
(2.6 x 10’69/km)(456,857 x 103 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 calculation 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 particulaié: Blackwood, T.R. and

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

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

EPA-600/2-78-004L.
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Quarry

1. George Reed
Inc, Tuolumne

2. Woods Creek
Rock, Tuolumne

3. Raisch Products
Santa Clara

4., Ghilotti Bros.
Maria

5. Dumbarton Quarry
Assoc., Alameda

6. Hillsdale Rock
Santa Clara

Production of
Crushed

Stone/Year

274,000

231,894

435,000

156,000

1,000,000

250,000

Table C-2

Asbestos Emissions from
Quarrying, 1984

Respirable Chrysotile Asbestos

Particulate Asbestos Emissions
(1b) Content(%) (1b)

3,288 20 658 1) reference
2,783 1 28 2)
5,220 1.6 84 1)
1,872 1.4 26 2)
12,000 0.5 60 1)
3,000 2.7 8
TOTAL 937 1bs or
0.468 tons

References for 1984 production of crushed stone:

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

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

Documents Containing Asbestos Measurements
Taken in California
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An Inventory of Carcinogenic Substances Released into the Ambient Air of
California. Final Report Task II and IV. March T98G. KVB, Inc.

Inventory of Carcinogenic Substances Released into the Ambient Air of
California: Phase [I. November 1982. 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, Volume 2. Uecember 1983. Science Applications, Inc.

An Inventory of Carcinogenic Substances Released into the Ambient Air of
California: Volume 1. Final Report - Screening and Identification of
Carcinogens of Greatest Concern. February 19, 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. January 1976. 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 Caiifornia, Berkeley.

Report of Seasonal Variations in Asbestos Aerosols In The Clear Creek
Recreational Area (1979). University of California, Berkeley.

“Summary of Airborne Asbestos Data - Alviso, California and Control Sites”.
April 15, 1985. Memorandum 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
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Ambient Asbestos Measurements in California

Location in California Number of Fibers/m3 References
King City, downwind of a 6,000 to John et al.,
milling plant 1,600,000 1976
King City, upwind of a 200 to John et al.,
milling plant 11,000 1976
San Jose 0 to Murchio et al.,
3,500 1973
Berkeley 0 to Murchio et al.,
4,000 1973
Los Angeles (Downtown) 0 to Murchio et al.,
5,700 1973
Emeryville, near asbestos 238,000 Murchio et al.,
manufacturer 1973
White Mountain {desert) 20 to Murchio et al.,
100 ' 1973
Santa Monica Freeway, up- 700* Murchio et al.,
wind (at 4th) 1973
Santa Monica Freeway, down- 700* Murchio et al.,
wind (at 4th) 1973
Harbor Freeway, upwind 1,100%* ?g;ghio et al.,
Harbor Freeway, downwind . 1,600* Murchio et al.,
(at 146th) 1973
San Diego Freeway, up- 200* Murchio et al.,
wind (at National) 1973
San Diego Freeway, down- 800* Murchio et al.,
wind (at National) 1973
.San Diego Freeway, up- 900* Murchio et al.,
wind (at 122nd) 1973
San Diego Freeway, down- 500* Murchio et al.,
wind (at 122nd) 1973
Los Angeles Freeways, 80Q** Murchi et al.,
upwind (four sites) 1973
Los Angeles Freeways, 90Q** Murchio et al.,
downwind {four sites) : 1973 -
San Lucas 1,000,000 Wesolowski,
1975
Berkeley 700,000 ) Wesolowski,
1975

*Mean values
** Mean value of 60 samples

Source: Science Applications, Inc., February 19, 1979. An Inventory of
Carcinogensc Substances Reieasea Into tﬁe Ambient Afr of Ca‘??ornia.

Yolume I - Final Report Screening and Identification of Carcinogens of

—_

Greatest Concern. Page 39,
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SAl Sampling, Sample Preparation, Apalysis
= and Quality Control Techniques
for the 1983 Asbestos Study
I. Introduction

Given the project 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 measurement 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. Environmental 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 liters 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 pore 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 other signif&cant changes were incorporated..

The cyclone sampler shown in Figure F-1 was developed for ambient air

size-selective monitoring. This sampler will collect particles as small as
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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 showrh in Figure F-1. Design criteria for the sampler include:

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.

0 The cyclone is intended for 24 hour sampling at average flows of 15

to 20 liters per minute.
0 Both 1iquid and solid particles can be sampled 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 sampie
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,

II. Sampling Procedures

Preparation and Handling of Filters

To reduce contamination from handling in the field, individual
polyethylene cassettes were constructed to hold the backing and collection
filters for each sample. These cassettes consisted of two rings that

F-2

D 004359




Figure F-1
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ASSEMBLY DRAWING OF THE CYCLONE SAMPLER DEVELQPED FOR
AMBIENT AIR MONITORING (John and Reischl, 1980).
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FRACTION DEPOSITED IN CYCLONE

Figure F-2

AERODYNAMIC DIAMETER, um

Fraction of Methylene Blue Particles Deposited in the Cyclone as
2 Function of the Aerodynamic Particle Diameter. The curves are
labeled with the flow rate (from John et al., 1978).
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press-fit togetr_ler to provide a rigid support for the filters. Before loading
the filters, the cassettes were pre-washed in an ultrasonic bath of 0.1-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 aiameter Millipore 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 80mm), 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 filter boxes. Vibration during
transportation was minimized by placing this secondary box containing a
plastic bag full of water and styrofoam pellets.

Filter cassette loading was done on a damp-wiped table in the mobile
laboratory; the entire cyclone was disassembled and rinsed with Freon 113,
Cassettes and cyclone components were handled with polyethylene gloves,
reducing possible contamination time to that required to remove the sample
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 preclude overloading 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 assembly. The sampling 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.

III. Analytical Techniques

Sample Preparation Procedures

Upon return to the laboratory, the plastic filter cassettes were wiped
clean with a damp, lint-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 1:ss 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 plexiglass plate. A new razor
blade (cleaned with dusting spray) was slowly pressed on the filter pad 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 polyvinylchloride (PVC) cement beads were placed around the
edges of each filter section. The tacked filters were allowed to dry under
plastic petri dish covers. The plexiglass square containing 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-sectioning for replicate analysis by the University of
Washington. The other section was reserved for carbon coating as required by
the EPA method.

Carbon Coating Procedures

Carbon coating was done with a Denton rotating stage carbon evaporator.

5 torr in short bursts with 30 to

The filters were carbon coated at 1 x 107
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). All petri dishes and.
utensils were precleaned and spray-dusted. The foam supports and filter paper
seétions 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 grids, Whatman 42 filters papers were used because they
produce more uniform grids. Another difference in the methodology was the use
of 300-mesh instead—bf 200-mesh grids (300-mesh grids provide more support for
the Formvar grid layering, as well as more accurate tracking of particle
location within each grid hole by electron microscopy).

A clean section of 0.25 inch x 2 inch x 2 inch polyurethane foam with a 2
inch x 2 inch filter paper on top was placed in a 6 ¢cm diameter petri dish.
Approximately three to six 300-mesh sampie 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 grid 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 petri dishes to a level that just covered the filter paper
support, using a long-needle, 50 ml syringe. Each dish was transferred to a
glass dessicator with a reservoir of chloroform below the support plate. The
chloroform 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 dissoive for 24 hours. An outside light source just above
the dessicator kept it at a temperature of about 26.7 C. After 24 hours, the
chloroform from each dish was removed with a syringe and the yrids were
allowed to dry before being transferred to a grid storage box.

Sample Analysis Procedures

A JEOL 6C transmission electron microscope (TEM), with a resolution of
six angstroms and equipped with selegted area electron diffraction (SAED), was

used for all sample analyses. Calibration of instrument magnification was
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performed using a 21,400 lines/in carbon replicate standard against a scale
etched on the fluorescent screen of the TEM.

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%. All diameter
measurements were done under the 10X viewing microscope on the TEM. At a
magnification of 10,000X, 1 mm on the screen is equal to 0.1 um; at 20,000X, 1
mm is equal to 0.05 um. The counting magnification ranged from 15,000X to
20,000X.

Each lot of grids was calibrated in two ways. First optical calibration
was performed on a Leitz Dialux 20 1ight microscope using a standard with
divisions of 0.01 mm. Second, the area of the grid holes was checked by
scanning electron microscopy (SEM: International Scientific Model III-A ).
Calibration of scanning electron microscope magnification wés performed using
latex sphere standards of 2.02 um diameters, respectively. Optical microscopy
was not selected for analysis of the samples, since the optical 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 outlinéd in the U.S. EPA provisional methodology (EPA,
1978). The reported data included fiber concentrations (by fiber type:
chrysotile, amphibole, indeterminate, non-asbéstos) as fibers/m3 of air.
Mass concentrations of asbestos~(i>g/m3 air) were calculated, although these
data are subject to 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.

In reporting data, values shown as zero are below the detection
1imit (OL: a function of the total area of the filter scanned and the volume
of air that is samp1ed5. When only one fiber was found on the sample scanned,
the value obtained was used to derive the detection limit. Samples having
less than one fiber found during analysis were defined as being "below the
detection 1imit" ( DL). A1l the samples analyzed were counted in an identical
manner and had been collected at the same flow rate (15.5 liters per minute),
therefore, the detection 1imit was a function only of the duration of sampling
time. A graph of detection 1imit vs sampling time is presented in Figure
F-3. Since sampling times ranged from one to four hours, net detection

1imits ranged from 9,100 to 2,400 fibers/m3 of air, respectively.

IV. Quality Assurance

To fulfill the project's quality assurance requirements,'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 samples
were carbon coated at SAI's laboratory and hand-carried to Sea.:le. The
samples were analyzed according to the EPA provisional method and the data
returned to SAI for computer reduction. In addition to a background control
(the Napa site), sites selected for inter-comparison analyses (Table F-I) were
King City, Sonora, Century City, and S§n Diego. The Napa sample was done in

duplicate by both laboratories to provide a measure of reproducibility.
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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 analyzedf ~The greatest difference between comparative samples was
for the duplicated background control samples (Napa) 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 per total counting area, respectively. Differences
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

Chrysotlle Amp hibo1§ Chrysotilg 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 164 <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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i.

Sampli Calculations of the Amount of Asbestos Fibers

Ingested or Inhaled into the Body

LaHALATIUN OF ASBESTOS

A,

AMBIENT ALIR EXPGSURES

Assumptions of exposure for office worker

1.

2.
3.

Mean asbestos concentrations ranye from 7,700 to
45,000 fibers/m3 as measured by TEM (see Table
III-3).

Breathing rate of air is 0.83m3/hr.

Time outside (107%2) for 365 days/yr.

Sample calculation

Yearly intake of fibers = 7,700 fibers x 0.83m° x
3 hr.
m
24 hr x 0.10 x 365 days
day year
= 5.6 x 10°
ar

6 x 106 yearly intake of
fibers (estimates are rounded
off)

i

I4DOOR AIR EAPOSURE - SCHOOL

Assumptions of exposure for school children

1.
2.
3.

Breathing rate of air is 0.75n°/hr.
Time in school (154) - normalize to 365 daxs/yr.

Concentrations are in PCM units. Convert to TEii units
by using the conversion factor of 10U to 1000 TEi
fibers/PCit fiber.

The median asbestos cgncentrations in school§ range
from 540 PCM fibers/m~ to 4,050 PCM fibers/m~ (see
Table III-7). The low value for the estimated yearly
fiber intake uses the 540 PCM concentration and the
100 TEM fibers per PCH fiber conversion factor, while.
the upper value uses the 4,050 PCM concentration and
the 1000 TEM fibers per PCH fiber conversion factor.
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Sample calculation

Yearly intake of fibers = 540 PCN fibers x 0.75m° x

m3 hr.
100 TEM fibers x 24 hr x 0.15 x 365 days
PCM fiber day year
= 53.2 x 10°
or

50 x 106 yearly intake of
fibers (estimates are rounded
off)

INDOOR AIR EXPOSURE - OFFICE BUILDIWG
Assumptions of exposure for office worker

1. Breathing rate of air is 0.83m>/hr.

2. Time in office building (33%Z) - normalize to 365
days/yr. :
3. Concentrations are in PCM units. Convert to TE!l units

by using the conversion factor of 100 to 1000 TEHM
fibers/PCM fiber.

4. The median asbestos concentgations in office bui%dings
range from 260 PCil fibers/m~ to 640 PCM fibers/m
(see Table III-7). The low value for the estimated
yearly fiber intake uses the 260 PCi concentration and
the 100 TEM fibers per PCM fiber conversion factor,
while the upper value uses the 640 PCH concentration
and the 1000 TEM fibers per PCM fiber conversion
factor.

Sample calculation

Yearly intake of fibers = 260 PCM fibers x 100 TEM fibers x

3 PCM fiber
0.83m> x 24 hr x 0.33 x 365 days
hr day year
= 62 x 10°
or

60 x 106 yearly intake of
fibers (estimates are rounded
off)
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b. INDOQR AIR EXPOSURE - HOMES
Assumptions of exposure for houseperson
1. Breathing rate of air is O.83m3/hr.
2. Time in office building (85%) - for 365 days/yr.

3. Concentrgtions are in TEM units and range from 63
fibers/m” to 56,000 fibers/m~ (see Table III-8).

Sample calculation

56,000 fibers x

]

Yearly intake of fibers

3

m
O.83m3 x 24 hr x 0.85 x 365 days
hr day year

= 347.3 x 10°
or
350 x 106 yearly intake of

fibers (estimates are rounded
off)

)

II. INGESTION OF ASBESTOS

A. TREATED WATER

Assumptions of exposure from drinking of water for children

1. Consumption rate is 1 liter/day (children) for 365
days/yr.

2. Asbestos concentrations in water range from 1 x 106
fibers/liter to 260,000 x 10 fibers/liter (see
Table III-6). ~

Sample Calculation

Yearly intake of fibers = 100 x 106 fibers x 1 liter x
. liter day

365 days
year

= 36,500 x 100 o 3.7 x 1010
yearly intake of fibers.

D 004375




III. DISCUSSION OF ESTIMATE

A. Only exposures by the same route, either inhalation or
ingestion, should be compared. It is not possible to
compare health risk exposures of ingestion or inhalation
because the health risk associated with ingestion have not
been conclusively determined in animal and epidemiological
studies (see DHS 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
Nonoccupational Health Risks of Asbestiform Fibers, 1984).

B. Exposure estimates were calculated for three different
lifestyles: office worker, houseperson, 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 assumed; however,
because of the uncertainty in the measurement methods and
concentrations, the range of exposures given should cover
most individuals. Table H-1 lists the amount of time the
office worker, houseperson, and child was expected to be in
each environgental setting. The breathing rate was assumed
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 (Committee on Nonoccupational Health Risk on
Asbestiform Fibers, 1984).

Table H-1

Annual Percentage of Time in Various Environments

Office Worker . Houseperson Child
(2) €9 (Z)
Ambient Air 10 10 35
Indoor-Home . 57 85 50
Indoor-0Office Building 33 5% 0]
Indoor-Schools 0 . __0 15
10072 100% 10073
* Accounts for time shopping and inside of otheryoffice complexes.
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