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CRITERIA DOCUMENT
ASBESTOS
CRITERIA
Aguatic Life .
No freshwater organisms have been tested with any asbestiform mineral
and no statement can be made concerning acute or chronic toxicity '
No saltwater organisms have been tested with any asbestiform mineral and

no statement can be made conqeming acute or chronic toxicity.

Human Health
For the maximum protection of human health from the potential
carcinogenic effects of exposure to asbestos through fngestion of water and
contaminated aquatic organisms, the ambient water concentration should be
2ero, The estimated levels which would result in increased lifetime cancer
risks of 109, 10%, and 1077 are 300,000 fibers/l, 30,000 fibers/1,
and 3,000 fibers/1, respectively. Estimates for consumption of aquatic

organisms only, excluding the consumption of water cannot be made,
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INTRODUCTION

Asbestos is & broad term 3pplied to numerous fibrous mineral silicates
composed of silicon, oxygem, hydrogen, and metal cations such as sodium,
magnesium, calcium, or fron. There are two major groups of asbestos, ser-
pentine {chrysotile) and amphibole. Chrysotile is the major type of asbes-
tos used in the manufacture of asbestos products. These products include
asbestos cement pipe, flooring products, paper products (e.g., padding),
friction materials (e.g., brake Tinings and clutch facings), roofing pro-
ducts, and coating and patching compounds. In 1975, the total consumption
of asbestos in the U.S. was 550,900 metric tons.

Of the 243,527 metric tons of asbestos discharged to the environment,
98.3 percent was discharged to land, 1.5 percent to air, and 0.2 percent to
ater. Solid waste disposal by consumers was the single largest contribu-
tion to total discharges. Although no process water is used in dry mining
of asbestos ore, there is the potential for runoff from asbestos waste-tail-
ings, wetmining, and iron ore mining. Mining operations can also contribute
substantially to asbestos concentrations in water via air and solid waste
contamination. In addition to mining and industrial discharges of asbestos,
asbestos fibers, which are belfeved to be the resylt of rock outcroppings,
are found in rivers and streams,

The chemical composition of different asbestos fibers varies widely and
typical formulas are presented in Table 1 (U.S. EPA, 1976). It should be
noted that the va}ues ocbtatned from actual chemical analysis of the various
fibers also may differ slightly from the typical formulas. Although chryso-
tile is considered to be a distinct mineral, the five amphibole minerals are
sach varieties of other minerals (Zoltai and Stout, 1976). These minerals

differ from each other baoth chemically and physically with the exception that
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TABLE 1
Typical Formulas for Asbestos Fibars

1. Serpentines Chrysotile Mg3S1205(0H )4

2. Amphiboles Anosite (Mg,Fe)7S1g0z22(0H)2
Crocidelite Na2(Mg,Fe)5Sig022(0H)2
Anthophy1lite (Mg,Fe)751g022(0H)2
Tremolite CazMgsSig0z2(OH)2
Actinolite Caz(Mg,Fe)gS1g0z2(0H)2
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ey all contain silicon and all for-m. fibers when crushed., Good quality
ssbestos will form fibers with higher ratios of length to width than poorer
grades.

The basic crystal form of the amphibole minerals is less complicated
than for chrysotile, The basic structure consists of a double silica chain
(S140y7) that fs paired back-to-back with a layer of hydrated cations
between the chains (Speil and Leineweber, 1969).

Some typical physical properties of three different mineral forms are

presented in Table 2 (Gaze, 1965).
' Asbestos minerals, despite a relatively high fusfon temperature, are
completely decomposed at temperatures of 1,000°C. Both the dehydroxylation
temperature and decomposition temperature increase with increased Mg0 con-
"ent among the various amphibole species (Speil and Lefneweber, 1965).

The solubility product constants for varicus chrysotile fibers range
from 1.0 x 10’11 to 3 x 10732, Most materials have 3 negative surface
charge in agueous systems., However, since chrysotile has a positive (+)
charge, it will attract, or be attracted to, most dispersed materials. The
highly reactive surface of asbestos causes many surface reactions which are
intermediate between simple absorption and a true chemical reaction. The
absorption of various materials on the surface of chrysotile supports the

premise that the polar surface of chrysotile has & greater affinity for

polar molecules (e.g., Hy0,NH3) than for nonpolar molecules (Speil and-

Leineweber, 1969).

Of all the asbestos minerals, chrysotile is the most susceptible to
acid attack. It is almost completely destroyed within 1 hour in 1 N HCl at
95°C. Amphibole fibers are much more resistant to mineral acids (Lindell,

972).
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TABLE 2

Typical Physical Properties of Chrysotile {White Asbestos),
Crocidolite (Blue Asbestos), and Amositer

Chrysotiie
Units (white asbestos)

L S e Agr e e
Crocidolite Amasite
=-.. (blue asbestos)

Approximate
diameter of
smallest fidbers

Specific
gravity

Avera?e
tensile
strength

Modulus of
elasticity

¢

v Ay

o 'év‘on 0.01

- 2.55

1b/inch2 3.5 x 105

1b/1nch 23.5 x 106

0.08 0.1
3,37 145
5 x 105 1.75 x 105

27.0x 106 23.5 x 108

*Source: (aze R 1965
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The resistance of the asbestos fibers to attack by reagents other than
acid is excellent up to temperatures of approximately 100°C with rapid
deterioration observed at higher temperatures. Chrysotile is co&pletoiy
decomposed in concentrated KOH at 200°C. In general, organic acids have a

tendancy to react slowly with chrysotile (Spei! and Leinewaber, 1969).
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EFFECTS

No appropriate data on the effects of asbestos on aquatic organisms are
available at this time, Therefore, no freshwater or saltwater criterion can
be derived for asbestos. MHowever, microscopic inorganic particles, analyzed
by transmission electron microscopy, have been detected in fish tissues
{Batterman and Cook, 1980). Tissue samples obtained from a river with known
chrysotﬂe»asbestos contanination and lake trout, brook trout, and channel
catfish exposed to Lake Supertor water contiminated with amphibcle fibers
have been found to contain minera)l fibers identical to those in the water,
Muscle tissye concentrations are about one-twelfth of the average water con-
centrations (by volume) but liver and kidney fiber concentrations are 500
times greater than muscie tissue concentrations.
ummary

The only available data for asbestos and freshwater organisms results
from field studies in which chrysotile and amphibole fibers have been found
in tissues of fish collected from freshwater with known concentrations of
these mineral fibers.

No data are available for saltwater organisms.

"
CRITERIA

No freshwater organisms have been tested with any asbestiform mineral,
and no statement can be made concerning acute or chronic toxicity. '

No saltwater organisms have been tested with any asbestiform mineral,

and no statement can be made concerning acute or chronic toxicity,
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ASBESTOS
Mammalian Toxicology and Human Health Ef%ects
INTRODUCTION

Estimating a risk factor for ingestion of asbestos presents significant

difficulties. Although gastrointestinal cancer has been linked to occupa-
tional exposures in several groups of workers, no definitive data exist on
the effects of direct ingestion of asbestos, either in animals or humans.
Further, only limited information exists on afr exposure levels for those
human studies showing excess risk of gastrointestinal cancer and peritoneal
mesothelfoma. Nevertheless, the -most valuable data on rigsk are those from
human inhalation exposures, and these will form the primary basis for s pro.
Jected criterion.
This document is not an exhaustive review of all asbestos literature nor
‘e a1l important papers mentioned herein. However, the papers selected are
deemed relevant for estimating dose-response relationships.
EXPOSURE

Analytical Techniques

For the purposes of this document asbestos is defined to be chrysotile,
crocidolite, fibrous cummingtonitegrunerite {including amosite, fibrous
tremolite, fibrous actinoiite, and fibrous anthophyllite. The fibrosity of
the above minerals is ascertained on a microscopic level with fiber defined
to be particles with an aspect ratio of 3 to 1 or greater. This definition
will apply to fibers of all sizes, Because of the impossibility of relating
fibers in any water system to bulk mineral deposits from whence they came,
the mineral nature of fibers will generally be determined, when necessary,
by electron beam instrumentation (morphology, selected area electron dif-

‘raction, and electron microprobe analysis).




The analytical technigues for the measurement of asbestos -Mnen!s in
afr or water samples collected in occupational or general environmental cir-
cumstances are time-consuming, and the results are often higﬂ1} variable.
No single method is suitable for all monitoring circumstances. Technigues
‘appropriate for monitoring workplace exposures are unreliable when used to
evaluate the much lower envircnmental concentrations of asbestos, such ;s
those found {n water, largely because of the presance of cuantities of other
inorganic and organic material. Electron microscopic methods used for envi-
ronmental monitoring are difficult to perform and costly. Reproducible re-
sults can be obtained in experienced laboratories if standardized technigues
are utilized, careful acuality control is maintained, and periodic finterla-
boratory comparison of results is made. With careful anmalysis of water,
interlaboratory precision can achieve relative standard deviations of 30 to
65 percent (Anderson and Long, 1980; Chopra, 1978), but without standardiza-
tion intralaboratory variability can be as great as a factor of ten, and in-
terlaboratory variability can exceed two orders of magnitude (Brown, et al.
1976). ‘

Environmental--Water: Considerable effort has taken place in recent
years to standardize techniacues for the quantitation of mineral fibers in
water. All work to date has utilized electron microscopy. The presence of
numerous diatom spicules and other nonasbestos fibers in water and the great
difficulty of uniauely identifying mineral éaecies or classes by optical
microscopy would appear to preclude the use of optical microscopy for even
the guantitation of large asbestos fibers in water. ﬁ%th electron micro-
scopy, however, relatively few experimental problems remain, and reproduci-
ble results can be obtained py experienced laboratories. The disadvantage
of this method is the cost and time of analysis and the limited availability

of laboratories for the analysis of samples.
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The U.S. EPA has proposed an interim method for the analysis of asbestos
.« water (Anderson snd Long, 1980). From a l-iiter sample, 50 to 500 m! is,
filtered through 0.1 micron polycarbonate (Nuclepore) filter. A portion of
the filter is placed on an electron microscope grid and dissolved by the
Jaffe-wick method and scanned by transmission electron microscopy at 10,000
te 20,000 magnification. Prior to dissolution, the flat polycarbonate fil-
ters are coated with carbon which serves to enmesh the collected material
and to reduce losses during dissolution of the filter materfal by chloro-
form, Twenty grid squares or 100 fibers are counted. The identification of
fiber type is by morphology for chrysotile and by selected irea electron
diffraction for amphiboles. No a.ttempt is made to determine the amphibole
mineral species, If necessary, this can be done using.energy.dispersive
X-ray analysis of each fiber. All individual fibers (length greater than

‘¢e times width), {rrespective of length are counted in the grid squares
.anned. The fibers in large clumps, though, are not counted individually.
For surveillance of large numbers of water systgms. the procedures serve to
identify those with significant quantities of asbestos present. For water
systems with high concentrations of suspended solids, the collected material
and filter can be ashed in an activated oxygen furnace, the remaining mate-
rial resuspended, ultrasonified, and refiltered.

The sensitivity of procedure this is such as to be able to detect about
250,000 fidbers/1iter (f/1) or less in most drinking water systems without
the need for the ashing and resuspension step. Most municipal water systems
contain less than 1 mg/1 of suspended solids, and thus 200 mi of water can'

be filtered through a 10 cmz

filter for analysis. The counting of 20 grid
squares as prescribed above, scans 1.3 «x 10'3 az of filter. In this

~e3 typical background counts are less than two fibers., Thus, eight fibers



counted would establish 3 detectable level in a given water sample. With
200 m1 of water sampled, this corresponds to 250,000 f/1. In water systams
having less suspended solids the lowar limit of detection fs 'propov-tionany
lower., With systems containing more suspended material, similar detection
limits can be achieved following the ashing procedure.

A previously used technique of condensation-washing of cellulose acetate
Millipore filter pieces on carbon-coated grids using acetone can resylt in
significant losses unless extreme care {s taken, Carbon coating of the Mi1.
lipore filter is ineffective in enmeshing the fibers because many of them
are trapped deep within the interstices of the membrane filter. Condenss-
tion of acetone on the grid can result {n the formation of pools of solvent
on the filter which wash away fibers. Losses as great as 80 percent have
been reported using this technique (Chatfield, et al. 1978; Beaman and File,
1976; Choprs, 1978).

Eighteen analytical laboratorias participated in an American Society for
Testing and Materials (ASTM) Task Group Study of the measurement of amphi-
bole and chrysotile fibers in water. Table 1 lists the data on the interla-
boratory precision that has been obtafned by this group in the analysis of
both chrysotile and amphibole fibers. The Task Group concluded:

The transmission electron microscope §s the best basic instru-
ment for the analysis, particularly when §t is equipped with se- ~<°
lected area electron diffraction and energy-dispersive spectroscopy
capabiiities. The mean fiber concentrations by different groups
agree within 3 factor of two. The interlaboratory reproducibility
of SO percent can bde expected in relatively clean water samples
unless the concentration is low, In samples with high concentra-
tions of {nterfering solids, the precision will not be as good.
When applied on a broad scale there are variable and significant
losses associated with the condensation-washing of samples contain-
ing amphibole. The losses are low and less variable when condensa-

tionwashing fs used to prepare samples containing chrysotile
{Chopra, 1978). :
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TABLE 1

Interlaboratory Precision Obtained in the Analysis of Water
Samples for Chrysotile and Amphibole Minerals*

Mean Fider Relative

Sample Nurber of Concentration Standard

Type Laboratories (106 fibers of Deviation

Reporting all sizes/l) of Analysis (%)
ysotile 10 a’m kL
‘ysotile 9 119 43
‘ysotile 11 59 41
varysotile 9 © 31 65
Chrysotile 9 28 32
Chrysotile 3 25 35
&mphibole 11 139 50
Amphibole 4 L] 52
Amphibole 14 36 66
*Source: Anderson and Long, 1980 (see also Chopra, 1978)




Environmental--Afr: As with water, the analysis of ambient air samples
by optical techniques introduces significant difficulties. First, the quan-
tity of asbestos in ambient air is only a small fraction of the tota] aerc-.
sol. This aerosol contains large quantities of organic and mineral material
of various origins, including many fibers other than asbestos. Therefore,
enumeration of fibers collacted in ambient air may have little relevanée to
the asbestos material present. [n one instance, a comparison of 25 ambient
air samples collected in buildings, some of which were contaminated with
asbestos, showed no correspondence betwesn concentrations of fibers longer
than 5 um, as determined using optical microscopic techniques, and the total
mass of asbestos present, quantitated by electron microscopic methods (Nich-
olson, et al, 1975).. Here, using the National Institute for Occupational
Safety and Health (NIOSH) technigque, no fiber concentrations measured ex-
teeded 0,03 f/m), and contributions to the measured filter concentration

( from other than asbestos fibers were felt to be significant. A review (Dug-
gan and Culley, 1978) of the results of the analysis of six side-by-side am-
bient air samples by nine laboratories also highlighted the difficulty of
using optical microscopy at low asbestos concentrations. They found that
intralaboratory variability could exceed a factor of 10 and the results be-
tween laboratories could differ by a factor of 100. The possibility exists
that optical techniques using petrographic, polarized 1ight microscopes or
dispersion staining techniques could produce better results. This has not
been {nvestigated, however,

A variety of techniques, each of which utilizes electron micrescopy,
have been developed for the analysis of asbestos in the ambient ‘air. At the
present time, there {s less agreement on an ideal method for air analysis

than for water analysis. Two general electron microscopic techniques are

o]
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.cilized for the analysis. One involves the collection of asbestos on ceTi-
ulose acetate (Millipore) or polycarbonate filters (Nuclepore) (Samudra, et
al. 1978) and its subsequent transfer to electron microscope grids. For
samples collected on cellulose acetata filters, the filter and collected
material are ashed, the ash syspended in water, and the suspension filterad
through a polycarbonate filter. Such filters are then processed using tech-
nigues similar to those used for waéer and previgusly discussed (see Water
section). Although not well studied, the use of flat-surfaced polycar-
bonate filters in field sftuations may lead to losses of particles prior to
sample preparation for analysis,
Direct transfer techniques have other limitations, Ambient aerosols are
made up of agglomerates of particles with asbestos ffbers attached to a
‘tety of other materfal., Chrysotile asbestos, for example, with a posi-
se surface charge, readily adheres to any of the large number of nega-
tively charged particles, such as clays, in the ambient air, Without dis-
persal, these agglomerations can result in the asbestos being obscured when
viewed by an electron microscope. Further, aggliomeration can occyr on the
filter during the long collection times required -to quantitate low concen-
trations. In many cases, these agglomeratas, which usually are of respir-
able size, contribute the most to the mass of the sample., Also, they may
occur so infrequently that a statistically reliable measure of their quan-
tity fs difficult to obtain. To obviate these difficuities, techniques have
been developed in which collected material and filter are ashéd in a low-
temperature, activated oxygen' furnace, The resylting residue is dispersed
by physical means, efther through the application of ultrasonic energy or
‘nding, and is enmeshed in 2 nitrocellulose or colledian film for mounting

electran microscape grids or {s refiltersd through a polycarbonate fil.




ter. Such “rub-ut® methods also involve losses and, as wifh washing tech-
nigques, require skilled development of t‘he pracess. A significant disadvan-
tage of this procedure {s that tha initial physical state of thé asbestos is
altered prior to enumeration, Therefore, information on the fiber size dis-
tribution {s not available, Only mass concentrations can be determined.
(Nicholson, 1971a; Kicholson and Pundsack, 1973).

To date, there has been less interlaboratory agreement in the analysis
of air samples than for water sample analysis. In one interlaboratory com-
parison of samples collected near a road surfaced with serpentinite rock and
analyzed for the mass of chrysotile asbestos, intralaboratory differences
exceeded two orders of magnitude, and interlaboratory differences for labor-
atories using different analysis techniques exceeded four orders of magni-
tude. Fiber counts were similarly variable (U.S. EPA, 1977). On the other
hand, relatively good agreement (average relative standard deviation of 25
percent) was achieved by three laboratories in the analysis for amphiboles
of 12 samples collected in Silver Bay, Minnesota (U.S. EPA, 1975).

Analysis of amphiboles in air around Lake Superior by the U.S. EPA and
the State of Minnesota has been done using a cellulose ester filter for col-
lection. The filter {s shipped to the laboratory where it is ashed in a low
temperature oxygenwctivated furnace. The residue {s resuspended and fil-
tered through a polycarbonate filter, Good recovery and low losses are
claimed by the investigators {Cook, 1978).

Occupational: In occupational circumstances, the current method of
quantitating asbestos 3ir concentrations is to enumerate ali fibe‘rs longer
than § um collected on a specified sres of filter, ‘utﬂizing phasé-contust
1ight microscopy at 400X magnification [National Institute for Occupational
Safety and Health (NIOSH), 1972]. Such {nstrumentation does not allow

fdentification of the fibers according to mineral type nor is it even
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‘ficient to establish if they are organfc or mineral in origin, In
general, when the principle fiber in an aerosol fs known to be asbestds;
this presents no problem. However, in some occupational circumstances, as
with the use of insulation materials, fibers of various origins are prasent
in the same material, and this can result in overestimates of the actual
asbestos concentrations.

The adoption of a § um cutoff for the length of fibers enumerated was
imposed by the limftations of light microscopy. It has long besn known that
fibers longer than 5 um and visible by phase contrast microscopy represent
only a small fraction of the total number of asbestos fibers in the air
(Lynch, et al. 1970). This would present no problem were fiber size distri-
butions similar in different circumstances. However, such {is not the case.
It has been shown, using electron microscopy, that whan chrysotile asbestos

ncentrations in different exposure circumstances are enumerated, the frac-
-1on greater than 5 um may vary by 10-fold (from 0.4 percent of the total
number of fibers present to approximately 5.0 percent). When amphibole
varieties of asbestos are also considered, the fraction counted can vary
more than 100.fold (Nicholson, et al. 1972). Thus, we do not have an accu-
rate yardstick for the quantitation of asbestos air concentration in the
workplace. This does not present serious prodblems when monitoring for stan-
dard compliance but complicates comparisons of health effects between vari-
ous fndustrial processes such as mining, manufacturing, and end-product use.
It also complicates extrapolations of dose-response re1ationsh1ps~determ1neq
in occupational circumstances to lower concentrations of asbestos measured
in the general environment by other techniques. Nevertheless, when assess-

ing exposure in a defined asbestos aerosol, the precision of optical methods



can be good. NIOSH (1976) has estimated that a coe?f1c1ent of variation of
about 20 percent can be achieved in the assessment of asbestos concentra-
tions grester than 0.1 f/ml, ' .

Although fiber counts have been utilized for the assessment of occupa-
tional asbestos exposure since 1966, in prior years other methods, usually
involving total particle counts (fibrous and nonfibrous), were utilized.
Some attempts have been made to relate these earlier counts to present day
fiber concentrations (Lynch and Ayer, 1966). However, these have been found
to depend strongly on the particular asbestos use process, and no universal
conversion factor is available that would relate total particle concentra-
tions in 3 given circumstance with asbestos fiber counts. It {s unfortunate
that earlier data have limited relevince, since the disease experience that
we are seeing today is the result of exposures that took place 20, 30, or
more years previously when work conditions may have been considerably dif-
ferent from those currently existing. Thus, dose-response relationships are
tenuous and can only be approximate, based upon current data.

Intercomparison of Techniques: A1l data, scant as they are, that relate
asbestos éisease to exposure are derived from studies of workers exposed in
occupational environments. In these studies, concentrations of fibers long-
er than 5 um were determined using optical microscopy or were estimated from
optical microscopic measurements of total particulate matter. On the other
hand, 211 current low-level environmental assessments utilize electron
microscopic techniques which are not comparable to those used in the work-
place since optical techniques do not provide data on the number of fibers
less than § ym in length. To extrapolate dose-response data obtained in
studies of working groups to environmental exposures, it is necessary to -
establish the relationship between optical fiber counts and mass or total

fiber number determined by electron microscopy.
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Recent studies have attempted to relate optical fiber counts (fibers > §
um) and TEM counts m'x EMcountable fibers). An interlaboratory cmar?san
_of optical versus EM counts of chrysotile fibers suggested an average rela-
tiqnship between optical counts and TEM counts of 1:100Q. (Winer and Cos-
sette, 1979). The samples studied included air samples from six plants (one
asbestos cement, one brake lining, two treating mills, and two textile
plants). Lower ratios are expected for amphidbole fibers. An analysis by
the U.S. EPA (Personal communication, J. Millette) relating optical fiber
counts of fibers longer than 5 um to total fiber counts by transmission
electron microscopy gave 3 ratio of 400 for six samples of asbestos ceiling
insulation material (which, however, may contain fibers other than asbestos
and were not actual air samples). Other data by Wallingford (1978) suggest
2 ratio as low as 15 for EM count to optical counts.

Some data exist that relate optical fiber counts (longer than S um) to
che total mass of asbestos as determined by electron microscopic technigues
or by other weight determinations of collected airborne asbestos fibers.
These are listed in Table 2 and provide crude estimates of a conversion
factor relating fiber concentrations (f/ml) t'o airborne asbestos mass
(ug/m3). The proposed standards for asbestos in Great Britain by the
British Occupational Hygiene Society {BOMS) stated that a “respirable® mass
of 0.12 mg asbestos/m> was equivalent to 2 f/m} (BOHS, 1968). It was not
stated how this relgtionship was determined. However, if {t were from mag-
nesium determinations in an aerosol, the weight determination would likely
be high because of the presence of other nonfibrous, magnesium-containing
compounds in the aerosol. Such was the case in the work of Lynch, et al.
{19710), and their values for the conversion factor are undoubtedly overesti-

mates., The data of Rohl, et al, (1976) are likely to be underestimates
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because of possible losses in the determination of mass by electron micro-
scopy. No data exist on the procedures used to determine the mass of chry-
sotile in the data presented by Davis, et al. (1978).

The range of 5 to 150 for the conversion factor relating mass concentra-
tion to optical fiber concentration is great, and any average value derived
from it has a large uncertainty. However, for the purpose of extrapolating
to low mass concentrations from fiber count, the geometric mean, 30
uglm3lflm1, of the above range of conversion factors will be used. The
accyracy of this value fs felt to be no more than a factor of § and this
uncertainty severely limits any extrapolation in which it is used. In the
case of amosite, the data of Javis, et al. (1978) suggest that a conversion
factor of 18 is appropriate. However, since this data yielded lower chryso-
tile values than all other chrysotile estimates, it may also be low for
‘mosite.

Ingestion from Water

Asbestos is commonly found in domestic water supplies. Samples from 365
cities have been collected and analyzed by eléctron microscopy by the U.S.
EPA. Of these, 45 percent had detectable levels of asbestos, usually of the
chrysotile variety (Millette, 1979). Table 3 lists the distribution of the
concentrations of these samples. ¢ 5 .u. T T .

Earlier, asbestos had been reported in a variety of Canadian water sup-
plies (Cunningham and Pontefract, 1971), These waters were found to contain -
from 2.0 to 172.7 x 105 fibers/l. (In this subsection fibers will denote
all EM-countable fibers, irrespective of length). Two U.S. river systems
were also reported to contain chrysotile at average levels of from 0.3 to
1.5 ug/1 (Richolson and Pundsack, 1973). Other reports include that of Kay

"973) who found from 0.1 to & x 10° £/1 fn varfous Canadian drinking

water soyrces.
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TABLE 3

Distribution of Reported Asbestos Concentrations in
Orinking Water from 3565 Cities in_43 States,
Puerto Rico, and the District of Columbiad

Asbestos Concentration Nurber of Percentage
(106 fibers/1) Cities of Samples
Below detectable 1imitsd 10 30.1
Not statistically significant 90 24.6
Less than | . . %0 4.6
1.10 k1 } 9.3 -
Greater than 10 A 1.2 -
Total 365 99.8

AMitlette, 1979

DFor these analyses tverage detectable 1imits were 5 x 105 fibers/1,
However, significant var{ations occurred in some instances due to the
presence of ncnasbestos fibers.,

L PN e h “« 3. . -
N T A ‘ k. :
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During 1973, large amounts of asbestos-like fibers of amphibole minersis
were found in the waters of Lake Superior, the source of drinking water for
Duluth, Minnesota, and other cities (Cook, et al. 1974, 1976; Nicholson,
1974), F{ber concentrations during normal lake conditions ranged from 20 x
106 to 75 x 105 f/1 and from asbout § to 30 uglf in terms of mass
(Nicholson, 1974). Ouring storm conditions amphibole fiber concentrations
as high as 600 x 105 £/1 were observed (Cook, et al. 1976). Filtration
plants now used in Duluth maintain fiber concentrations below 0.1 x 10°
£/1 (Mi1lette, 1979). [

' Certain U.5. water systems currently have high levels of asbestos as a
result of serpentine or amphibole deposits in their watersheds. These
include Everett, Washington, with concentrations of chrysotile above 107
‘i Seattle, with from 1 to 10 x 19§ f/1; and San Francisca, with chryso-
“e concentrations about 10° f/1 in some systems (Millette, 1979; Cooper,
.. al. 1978), UL e

Under certain conditions, 2sbestos-cement (A/C) pipe may 3lso contribute
asbestos to municipal water supplies. Asbestos fiber concentrations in A/C
pipe distribution systems were found to be as high as 38 x 105 chrysotile
and 4 x 105 amphibole fibers/1 {n one Florids cfty; 17 x 105 in another
Florida town; and 47 x 105 f/1 in a Kentucky A/C pipe system. Water at
the end of a 1ittle-used A/C pipe line {n Massachusetts contained as much as
480 x 106 chrysotile f/1 (Millette, 1976). Many of the A/C pipe systems
in Connecticut have been sampled and analyzed {Craun, et 11..1977f. The
majority of samples taken after transit through A/C pipe showed concentra-
tions under 1 x 10° f/1, snd only cne sample was over 10 x 10° 1.

While there are an estimated 200,000 miles of A/C pipe now in use in the

- +*ad States, it is apparent that not all A/C pipe sheds fibers. If the

 ————— ]
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water is nonaggressive the pipe does not erode and contribute fibers to the

water (Hallenbeck, et al. 1978). ..

A study (Buelow, et al, 1980) of 10 A/C pipe systems showed that f1be'rs
_ were added to the water by the A/C pipes of the 5 systems with aggressive
water (Aggressiveness [ndex <10.0) and 1ittle effect was seen in the non-
aggressive systems, In two systems the pipe was eroded to a depth of 0.3
em, in one case in a period of only § years, In this system fiber counts as
high as 550 x 105 f/1 were measured {n the distridution network versus
800,000 at the well source, In a third system high concentrations at a dead
end sample were attributed to debris from tapping and dri 1iing of pipes in
the network. '

Sampling of representative water utilities throughout the United States
has indicated that over half of the samples had water which was moderately
aggressive and 16.5 percent had very aggressive water (Table 4) (Millette,
et al, 1979b). wWater supplies in both the very aggressive and moderately
aggressive categories are potentially capable of eroding asbestos-cement
pipe ({.e,, 68.5 percent of U,S. water systems) although the very aggressive
waters could be expected to result. in the contribuytion of much higher fiber
concentrations. S Rt

Most data on asbestos in water are expressed in terms of fiber concen-
trations, enumerating fibers of all sizes using appropriaste electron micro-
scope technfques, Some estimates exist (Millette, 1979) relating chrysotile
fiber concentrations to mass concentrations. Because the number-to-mass
relationship 4s highly dependent on average fiber length and diametsr,
knowiedge of the source of the fibers in the water is important {in determin-
fng a conversfon factor. Some average conversion factors are listed in

Table 5.
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TABLE 4

Representative Average Water Utility Aggressiveness Indicesd

Highly aggressived 16.5 percent
Moderately aggressiveC - 52.0 percent
Nonaggress ived 31.5 percent

2M{1lette, et al, 19790
DHighly aggressive: pH + logjg(AH)<10.0
CModerately aggressive: pH + log (AH) » 10.0 - 12.0.

dNonaggressive: pH + log (AN)>12.0
~ where A = total alkalinity in mg/1, CaCO3
H = calcium hardness as mg/1, CaCO3
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TABLE §

Relationship of Total Fiber Counts by Electron Microscopy and
Mass of Chrysotile Asbestos in Water®

Average Mass in ug

Fiber Source of 106 Fibers of All Lengths
Natural erosion of serpentine rock
(shorter fidrils) 0.002
A/C pipe (longer fibers) 0.01

Contributions from commercial dump
site runoff and untreated discharge 0.05
(more fiber bundles) :

*Source: Millette, 1979
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Similar information on the relationship of fiber count and mass has been
olished by Kay (1973), whose data suggest that 106 fibers corresponds.tp
from 2 «x 10“ to 2 «x 10'3 ug in water systems, OData on asbestos
concentrations from erosion of fibers from A/C cooling tower panéls indicate
that the mass of 10° fibers is from 0.01 to 0.2 ug (Lewis, 1977).

Based on the aforementioned data, it {s concluded that the majority
(approximately 95 percent) of water consumers in the United States are ex-
posed to asbestos fiber concentrations of less than 10° #/1, In a few
areas peaple are exposed to concentrations between 1 and 10 million /1 with
intermittent exposures over 100 millfon f/1, There s at least one area
where contfnuous exposure is over 100 million f/1. Persons using asbestos-
cement pipe in areas where the water is nonaggressive or is treated to pre-
vent corrosion are generally not additionally exposed. In areas of aggres-

ive water, however, the consumer may be exposed to added asbastos fiber

centrations of from fewer than 1 million to over 100 million fibers per

1iter, depending on factors such as length of pipe, flow rate, and mineral
content of the wateP;

The mass concentrations of chrysotile asbestos in the water of cities
with less than 105 f/1 are likely to be less than 0.0l ug/l1, corresponding
to a daily intake of less than 0.02 ug. However, in areas with significant
contamination, whether from natural sources, man's activities, or erosion
from A/C pipes, the intake of asbestos from water sources can exceed 2
ug/day.

ingestion from Food

There are scant data on the contribution of food products to population
asbestos exposyre, Cunningham and Pontefract (1971) showed that various

“eers and wines could contain quantities of asbestos fibers similar to those
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found in water systems {(10° to 107 f/1), The source of this contamina-
tion could be from natural water sources or from the erosion of asbestos
fibers from filters used to purify the product. Asbestos filters are cur-
rently used for the purification of beverages and a vari;t.y of other food
products, but little data exist on possible fiber contamination from such
sources. Contamination of drinking water by fibrous glass and other synthe-
tic fibers used in cartridge filters has been measured at concentrations in
excess of 10° £/1 (Cook, et al. 1978).
Exposure from Drugs

Erosfon of chrysotile from asbestos filters, used to purify parenteral
drugs, has been documented (Nfcholson, et al., 1972). Contamination levels
up to 1 ug/dose were noted in approximately one-third of drugs tested, indi-
cating that filter erosfon can be significant. Because of these findings,
the use of asbestos filters for drug purification, without subsegquent clean.
up, has been prohibited by the Food and Orug Administration (41 FR 16933).
Inhalation

General Population Exposures: Asbestos of the chrysotile variety has
been found to be a ubiquitous contaminant of ambient urban air. A study of
187 quarterly composite samples collected in 48 U,S. cities from 1969 to
1970 showed chrysotile asbestos to be present in virtually all metropolftan
sreas (Nfcholson, 1971a; Nicholson and Pundsack, 1973). Table 6 lists the
distribution of values obtained in that study. Each represents an average
of from five to seven 24-hour samples and thys averages over possible peak
concentrations which could occur periodically or randomly. A second set of
ambient air analyses is also shown for cmarison»(vu.s. EPA, 1874). These

studies utilized different analytical techniques but the results agree well,

In both studies, 98.5 percent of the 24-hour samples had chrysotile asbestas




TABLE 6

Distributfon of 24-Hour Chrysctile Asbestos
Concentrations in the Ambient Air of U.S. Cities*

Electron Microscopic Analysis

Mount Sinat Sattelle
School of Medicine Memorial Institute
Asbestos
Concentration Number Percentage Number Percentage

(ng/ of of of of
less than samples samples samples samples
1.0 61 32.6 27 21.3
2.0 119 63.6 60 47.2
5.0 164 81.7 102 80.1
10.0 176 94.2 124 97.6
20.0 184 98.5 128 98.5
50.0 188 99.0 127 100.0
100.0 187 100.0 127 100.0

*Source: Nicholson, 1974; .S, EPA, 1974
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concentrations of less than 20 nqlm3. Of the three samples greater than

20 nglu3 analyzed by the Mount Sinati School of Medicine, one was in a city,
having a major shipyard and another in a city that had fﬁu} brake manufac-

turing facilities, Thus, these samples may include a contribution from a

specific source {n addition to that of the general ambient air.

Similar data with the same range of miss concentrations have recently
been reported from France, providing evidence of the presence of chrysotile
in the ambient air of Paris (Sebastien, et al, 1976).

In a study o? the ambient air of New York City, in which samples were
tiken during dngigg_!qyqug hours, values higher than those mentioned above
were obtained (Nicholson, et al, 1971). These were 6. to 8-hour samples
collected between 2:00 A.M. and 5:00 P.M., and they reflect what could be
intermittently higher concentrations from construction activities or automo-
bilg usage during those hours compared to nighttime perioqs for example.
Table 7 records the chrysotile content of 22 samples collected in the §
boroughs of New York. [t should be noted that the samples analyzed in ail
of the studies discussed above were taken during a period when fireproofing
highrise buildings by spraying asbestos-containing materials was permitted,
The practice was especfally common in New York City. While no sampling sta-
tion was known to be located adjac;nt to an active construction site, unusu-
ally high levels could nevertheless have resulted from the procedure.

To determine {f construction activities could indeed be 3 significant
source of chrysotile fiber in the ambient air, 6. to 8-hour daytime sampling
was conducted in lower Manhattan in 1969 near sites where extensive spraying
of asbestos-containing firsproofing material was taking pface. Table 8

shows the results of this sampling and demonstrates that spray fireproofing
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TABLE 7

Chrysotile Content of Ambient Alr in
New York City by Borough

(6~ to 8-Hour Daytime Samples)*

Asbestos air level in o .
109 g/m3 (ng/md) =, :x--

Sampling Number of

Locations Samples Range Average
Manhattan 7 8-55 30
Brookliyn 3 6-39 19
Bronx 4 225 12
Queens 4 3-18 9
Staten Island 4 5-14 8

*Source: Nichalsaon, at al, 19871



TABLE 8

Chrysotile Afr Levels Near Spray Fireprooﬂng‘
(6- to 8-Hour Daytime Samp

Sites 1in New York City
es)*

Asbestos air teve!l
10-9 g/m3 (ng/m3)

Sampiing Number of
Locations (distance from site) Samples Range Average
1/8 -« 1/4 mile 11 9 =375 60
1/4 = 1/2 mile 6 8 -54 s ]
1/2 - 1 mile s 3.5 - 36 18

The above concentrations reflect both downwind and upwind sampling locations.

*Source: Nicholson, et al. 1971
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sontribute significantly to asbestos air pollution. In some instances,

sotfle asbestos levels approximately 100 times the concentrations typis
cally found in ambient air were observed.

Asbestos contamination has also been documented by analysis of samples
collected within buildings. In a study of 116 samples collected in or near
19 buildings (primarily office) fn § U.S. cities, average chrysotile air
concentrations ranged from 2.5 uglm3 to 200 ng/m3. with individual mea-
surements from 0 to 800 nglm3 (Nicholson, et al. 1975). For the outside
air, the variation for the average concentration at a given site extended
from 0 to 48 ng/m3. Buildings in which a loose asbestos fireproofing
material was applied to the structural steel surfaces had evidence of sig-
nifisggt asbestos contamination, Also, schools 1in which similar material
had been applied have been found to be seriously contaminated. Optical

» counts exceeding 2 f/ml in a library and other areas of student use

observed during activities which disturbed loose asbestos (Sawyer,
1977; Nicholson, et al, 1978). Ambient air chrysotile concentrations in
schools, in absence of any disturbance of the asbestos ranged up to 2,000
ng/m3 {Nicholson, et al, 1978; Sebastien, et al. 1976). Finally, analysis
of the air of asbestos workers' homes indicate that chrysotile concentra-
tions as high as 5,000 nglm3 can be encountered (Nicholson, et al. 1978).

Figure 1 summarizes the ranges of chrysotile concentrations in the vari-
ety of environmental and occupational circumstances discussed above. The
concentration ranges are only approximate and in most cases are limited be-
cause of the limited number of samples taken in given circumstances. ~Exten-.
sion to higher and lower concentrations would be expected with the avail.

ability of more data,
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Although the fate of the asbestos in inspired 11} is only approximatg)g
known, 1t appears that eventuyally more than half the asbestos inhaled will
be swallowed (see Effects section). Assuming that an individual breathes 10
m in 24 hours, most ambient air levels of chrysotile (1 to 10 ngln3)
resylt in exposures to the gastrointestinal tract of from 0.0l to 0.05
ug/day of asbestos, although, in some circumstinces, inhalation could pro-
duce gastrointestinal exposures exceeding 0.1 ug/day. These exposures are
to be compared with those from water ingestion which lead to daily intakes
of less than 0.02 ug (see Ingestion from Water section). Though the data of
Tables 3 and 6 are not related to the same population bases, it would appear
that inhalation can give rise to exposures at least equal to that of direct
ingestion for mast of the population of the United States. B .

Only after 1966 has occupational monitoring atteuptedﬂto quantify asbes-

s exposures by fiber counting technfques. Since then, considerable data
have accumulated on occupational exposure of workers to asbestos. A large
compilation of such data is included in the 1972 Asbestos Criteria Oocument
{NIOSH, 1972). Levels during the pericd from 1966 through 1971 were éener.
ally under 10f (f>Sum)/ml, although concentrations exceeding 100 f/ml were
observed, particularly in two plants producing amosite insulation materials
and in uncontrolled textile mills. Data on earlier exposures are lacking
although some estimates have been made of insulation.workers' exposure
(Nicholson, 1976) and factory environments (BOHS, 1968; Newhouse and Berry,
1979). Although average exposures of 10 to 40 f/1 are likely to have pre-
vailed, peak or localized exposures fn excess of 100 f/1 would have been
encountered often by some individuals.

For purposes of estimating dose-response relationships, those data that

e available for given work environments will be discussed in conjunction

with the measyred health effects.



PHARMACOKINETICS .
Absorption and Distribution . d

Ingestion: A key question in the evaluation of cancer risk associated
with the ingestion of asbestos {n water {s whether microscopic f1ber§ under
norms] alimentary canal conditions can migrate through the gastrointestinal
mucosa. Such movement of fibers could enable their residence in bowel wall
or, following hematogenous or lymphatic transport, the peritoneum and other
organ tissues., This has been well lnswéred by the work of Carter and Taylor
(1980) who demonstrated the presence of smphibole fibers, characteristic of
those in Duluth, Minn. drinking water, in tissue samples of liver, jejunum,
and lung of deceased Duluth residents. Among 96 tissue specimens of 32
Duluth residents amphibole fibers were found in 60, with concentrations
ranging from 3 «x 10s to 16 x 10° fibers of al sizes/gram of tissue,
Amphibole fibers were found in only 2 of 61 tissue specimens of 21 control
subjects deceased {in Houston, Texas and St. Paul, Minn. As air sampling
gave no evidence of amphibole air contamination in Ouluth, the authors
attribute the nighly significant evidence (p <0.001) of tissue contamination
to transmucosal uptake of fibers ingested by drinking amphibole contaminated
Duluth water.

Some studies of tissues of animals that had {ngested fibers report no
evidence of fiber transport through the gastrointestinal lining (Gross, et
al, 1974), These results, however, have been called {nto guestion on the
basis of the insensitivity of the assay technique used (Cooper and Cooper,
1978). Evidence for such movement {s reported- in other studies (Cunningham
and Pontefract, 1973). Cunningham, et al. (1977) observed chrysotile fibers
in the blood and tissues of rats which previously were fed a diet of one

— et

percent chrysagfle asbestos. for six weeks. Westlake, et al, (1965) {denti-
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chrysotile fibers in the colon mucosa of rats fed chrysotile asbestos.

suenning electron micrographs have revealed large amosite asbestos fibers .

penetrating epithelial cells of rat jejunal mucosa tissue (Storeygard and
8rown, 1977). Kidney cortex tissue of neonate baboon fed chryéotﬂe for
nine days was found to contain a statistically significant (p « 0.005) ex-
cess of chrysotile fibers compared to kidney cortex tissue from an unexposed
neonate baboon (Patel Mandiik and Hallenbeck, 1978). Cunningham and Ponte-
- fract (1974) observed passage of chrysotile fibers from the blood across the
placenta to the fetus.

Ingestfon of small particles other than asbestos has also resulted in
the subsequent observation of particle accumulation in tissues of animals.
Mice t-hat drank water suspensions of 2 um diameter latex spheres for two
months were found to have the latex particles sccumulated in macrophages in

istinal Peyer's patches (LeFevre, et al. 1978). Latex particles of 0.22

were reported to migrate from rat stomachs to lymphatics of the mucosa
and ;lso to liver and kidney tissues {Sanders and Ashworth, 1960). Much
larger particles of silica, opal phytoliths from plants, are observed in
digested mesenteric lymph node and kidney tissue from sheep which eat cereal
chaff and grains (Nottle, 1977).

Evidence for the human intestinal uptake (“persorption”) of particles as
large 3s 75 um is provided by the observation of starch granules in blood
only minutes after ingestion (Volkheimer, 1974)., Sleep, smoking, and caf-
feine are reported to increase the number of starch particles in the blood.
Dyed cellulose particles are also i{dentified in human blood and uriﬁe fol-
lowing 1ngesfion of specially 'stained plant food (Schreiber 1974). The cel-
lulose fibers are found in urine several weeks after ingestion. Langer

74) found asbestos fibers in extrapulmonary organ tissues of asbestos

€29

"



workers, although fewer than in lung and pleura tissue, and more fibers in
kidney than in liver, ‘pancreas. ddrensl, or spleen tissue, |,

Human yrine sediment examined by transmission electron microscopy may
contain amphibole fibers which originate from {ngestion of drinking water
contaminated with these mineral fibers (Cook and Olson, 1979). Ingestion of
filtered water results in eventual disappearance of amphibole fibers from
urine. These observations provide direct evidence for the passage of min-
eral fibers through the human gastrointestinal mucosa under normal alimen-
tary canal conditfons. Measured concentrations of amphibole fibers elimi
nated in uyrine represent approximately 1 x 10'3 of the number of fibers
ingested with drinking water. To the extent that some fibers are perma-
nently retained by the body or eliminated by other routes after passage
across the gastrointestinal wall, the urine concentrations are an underesti
mate of ingested fiber absorption,

Inhalation: 1nhalation of asbestos dust fs accompanied by ingestion of
many fibers cleared from the respiratory tract by mucocilisry actjon. The
occurrence of peritoneal mesothelioma, excess gastrointestinal tract can-
cers, and possibly cancers at other nonrespiratory tract sites could result
from migration of fibers through the gastrointestinal mucosa. Additionally,
fibers may reach organs in the peritoneal cavity by transdiaphragmatic
migration or lymphatic-hematogenous transport. However, this would 1ikely
be a very small contribution compared to transmucosal migration following
ingestion, The amount of inhaled asbestos which is eventually ingested is
important for an assassment of cancer risk based on the excess gastrointes-
tinal cancer observed for occupational exposures (see ;ffects section).

Whether {nspired asbestos fibers will be deposited in the lung depends
strongly upon their diameter, Timbrell {1965) has shown that a fiber, inde-




{ 1t of its length, behaves aerodynamically 1ike a pai ticle having a dia-
me.cr three times 3s great, Brain and Volberg (1974) have developed a model-
for aerosol deposition in the respiratory tract according to aerodynamic
paéameters. They indicate that about S0 percent of particles with a mass
median diameter of less than 0.1 um will be deposited on nonciliated pulmo-
nary surfaces. This fraction falls slowly to 25 percent at 1 um and to 2ero
at above 10 um, Deposition on nasa! and pharyngeal surfaces bacomes impor-
tant at 1 uym and rises rapidly to be the dominant deposition site for parti-
cles 10 um in diameter or greater. Thus, few fibers with a dismeter as
large as 2 um are likely to penetrate into the alveolear spaces, although
finer fibers, even as long as 200 um; may do so.

Once inhaled, a large fraction of the inhaled dust s rapidly cleared
from the respiratory tract by mucociliary action although some fibars will
{ 1 in the lung and be found there decades after exposure (Pooley,1973;
L. _.r, 1974), Because of the ubiguitous exposure of {ndividuals to asbes-
tos, chrysotile fibers can be found in the lungs of most urban dwellers
(Langer, et al. 1971; Gross, et al. 1973). Additionally, larger fibers
trapped in the lungs may become coated and form asbestos bodies., These can
be readily observed by optical microscopy in tissue sections and in lung
smears (Thomson, et al, 1963; Langer, et al, 1973), The number of fibers or
ashestos bodies found in given circumstances depends strongly upon the
nature of the previous exposure of the {ndividual.

The clearance of asbestos from the respiratory tract of rats has been
studied directly in a series of experiments (Morgan, et al. 1975; Evaﬁs. et
al. 1973). Samples were made ridioactivc by neutron irradiation, which en-
abled the mass of asbestos in various Fissues to be determined. In a serfes

¢ ‘<minute exposures with different varieties of asbestos, the deposition
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TABLE 25

Expected and Observed Deaths from Lung Cancer and Cancer of
the Esophagus, Stomach, Colon, and Rectum in Merkers
Exposed to Anmosite Asbestos
(Followed § to 35 Years after Employment from 1941 to 1945)+

Length of Lung Cancer 61 Cancer
Employment Expected Observed Expected Observed
1mo 1.6 4 1.4 2
1 mo 2.5 6 2.4 2
2 mo 2.4 8 2.6 3
35 mo 4.2 9 4.2 8
6-11 mo 3.2 12 3.2 1
1y 2.6 15 2.5 5 .
2+ yrs 6.0 33 6.4 i
Total 22.5 93 2.7 28

»Source: Seidman, et al, 1979
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aind clesrance in the respiratory tract were follouea. At the conclusion of
the inhalation, the distribution in various organ systems was determined.
The results are shown in Table 9. As can be seen, rapid clearance from the
upper respiratory tract occurs with up to two-thirds of the fibers being
swallowed and found in the gastrointestinal tract. Long term respiratory
tract clearance or drainage via the lymphatics leads to additional dissemi.
nation,

Other data on the deposition and retentton of tnhaled asbestos have been
reported by Wagner, et a1, (1974), Figure 2 shows the dust content of rat
tungs following exposures to different asbestos varieties. As can be seen,
the chrysotile content of the lung does not build up as significantly as
that of the amphiboles for similar exposure circumstances. This {s likely
the result of some dissolution of chrysotile by body fluids.

Excretion

Most inhaled or directly ingested asbestos particles which pass through
the gastrointestinal tract are excreted in feces (Cunningham, et al. 1976).
As mentioned previously, some fibers are absorbed by the gastrofntestinal
tract and are eventuaily eliminated through the urinary tract {Cook and
Olson, 1979).

EFFECTS
Acute, Subacute, and Chronic Toxicity

Acute effects are of little consequence in the inhalation exposure of
individuals to high concentrations of asbestos dust. Some temporary breath.
ing difficulty has been reported by workers in various circums;ances. but
such discomfort has not 1imited employment in the industry.

Short.term effects have been described in a recent study by Harliss, et

al. (1978) who found airf1ow abnormalities in 17 of 23 individuals examined
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TABLE 9

Distribution of Fiber at the Termination of Exposure
(% of Total Deposited)d:b

Fiber Pa:::;lsb Esophagus 61 Tract R«;Egory
Chrysotile A 9¢3 2+1 §1+9 B+s
Chrysotile 8 g+2 2+1 54 +5 4

( site 6+1 2+1 §7+4 /S
Lrocidolite 8+3 21 §1+9 39+5
Anthophyll{te 722 2¢+1 . 61+8 30+8
Fluoramphibole 32 121 67 +5 29 +4

3Morgan, et al, 1975
bMean and SO

Cel




Waight of dust
in lungs (mg)
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10+

FIGURE 2

Mean Weight of Dust fn Lungs of Rats in Relation to Dose and Time

- Source: Wagner, et al. 1974
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and 8.0 months following a relatively intense five-month exposure to
asbestos. Of the 17, 12 were nonsmokers or current light or ex-light sunk:
ers (less than 10-pack years). The obstructive abnormalities ne?e usually
present in measurements both of one minute forced expiratory volume and of
closing valume determinations.

Although human data on inftial changes are unavailable, Holt, et al.
(1964) described early {l4-day) lacal inflamatory lesions found in the ter-
minal bronchioles of rats following inhalation of asbestos fibers. These
consisted of multinucleated giant cells, lymphocytes and fibroblasts. Pro-
gressive fibrosis followed within a few weeks of the first exposure to dust.
{These early alterations in animals may be related to the early human find-
ings above). Davis, et al, (1978) described similar early lesions in rats
~-=gisting of a praoliferation of macrophages and cell debris in the terminal

ichioles and alveolae.

Jacobs, et al. (1978) fed rats 0.5 mg or 50 mg of chrysotile daily for 1
week or 14 months and subsequently examined gastraintestinal tract tissue by
1ight and electron microscopy. No effects were noted in esophagus, stomach,
or cecum tissue but structural changes in the 11euﬁ were seen, particularly
of the villi, Considerable cellular debris was present by light microscopy
in the ileum, colon, and rectum tissue. The electron microscopic data con-
firmed that of light microscapy and indicated the observed changes were con-
sistent with a mineral.-induced cytotoxicity.

A single oral administration of from 5 to 100 mg/kg of chrysé:tﬂe to
rats has produced a subsequent {increase in thymidine in the stomach, duo-
denum, and jejunum {Amacher, et al, 1975). This suggests that an immediate
response of cellular proliferation and OMA synthesis may be stimylated by

isatile ingestion.
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The long.term disease entity, asbestosis, resulting from the {nhalation
of asbestos fibers is a chronic, progressive pneumoconiosis. It is charac-
terized by fibrosis of the lung parenchyms, usually radiologically evident
after 10 years from first exposure, although changes can aoccur earlier fol.
lowing more severe exposures, Shortness of breath is the primary symptom;
cough is less common; and signs such as rales, finger clubbing, and, in
later stages of the disease, weight loss sppear in a3 proportion of cases.
The disease was first reported 7 decades ago (Murray, 1907) and has occurred
frequently among workers occupationally exposed to the fidber in ensuing
years. Characteristic X.ray changes are smsll, irregular opacities, usually
in the lower and middle lung fields, often accompanied by evidence of pleu-
ral fibrosts or thickening, and/or pleural calcification. Both the visceral
and, more coemonly, parietal pleurs may be {nvolved. The mechanism of
action and translocation of asbestos fibers to the parietal pleurs is uncer.
tain; both direct migration (Kiviluoto, 1960) or transport via lymphatics
(Taskinen, et 3l. 1973) have been suggested.

Currently, 50 to 80 percent.of individuals in occupational groups with
exposures beginning more than 20 years earlier have been found to have ab-
normal X-rays. These include asbestos insulatfon workers (Selikoff, et al.
1965), miners and millers (Mount Sinaf, 1976) and asbestos factory employees
(Lewinsohn, 1972). In many circumstances the disesse progresses following
cessation of exposure; in 3 group employed in an asbestos factory for vari.
ous periods of time between 1941 and 1954, X.ray changes were observed years
following exposure in individuals having exposures as short as one week
(Personal communication, [.J. Selikoff).

Restrictive pulmonary dysfunction is also seen with asbestos exposures

and may be accompanied by diffusional defects or airway obstruction (Bader,
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’ .« 1961). In the early stiges of asbestosis, there is limited correla-

tion between physiologic barameters. such as Jung function tests. Later,'
X-ray changes and the lung function deficits are more highly correlated, but
stil1l incompletely so.

The above chronic effects are common among occupational groups directly
exposed to asbestos fibers. They also, however, extend to those employed in
other trades working near the application or removal of asbestos. Among

" workers other than insulators employed at a shipyard for longer than 15
years, 48 percent were found to have abnormal X.rays (Selikoff, et al,
1979b). Similar data were obtained in a study of maintenance personnel in a
chemical plant (Lilis and Selikoff, 1979). Even family contacts (wives,
children, etc.) of workers can be affected. Anderson, et al. (1976) have
shown that 36 percent of 626 family contacts of workers employed some time
( ien 1941 and 1954 at an asbestos insulation manufacturing facility had
X.. .y abnormalities years later characteristic of asbestos exposure.

In addition to disease and disablement during life, asbestosis has ac-
counted for a large proportion of deaths smong workers. The first reports
of the disease (Auribault, 1906; Myrray, 1907) described complete eradica-
tion of working groups. Much improvement in dust control has taken place in
the industry since the turn of the century, but even recently those exposed
in extremely dusty environments, such as textile mills, may have as much as
40 percent of their deaths attributable to this cause (Nicholson, 1976).
Groups with lesser exposures for 20 or more years, such as in mining and
milling (Mount Stnai, 1976) or _insuht‘lon work (Selikoff, et al, 1979a) may
have from 5 percent to 20 percent of their deaths from pneumoconiosis. All
varfeties of asbestos appear equally capable of producing asbestosis, in

{ man (Irwig, et al, 1979) and animals (Wagner, et al, 1974). I[n groups
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exposed at Jower concentrations such as the families of workers, there is
less incapacitation, and death from ashestosis has not been reported.

Extrs-puimonary chronic effects reported include 'as;e;tos corns® from
the penetration of asbestos fibers into the skin and their incorporation in
dermal layers, and {nstances of Caplan's syndrome (rheymatoid pneumoconio-
sis). No chronic, nonmalignant gastrointestinal effects are reported.
Teratogenicity

No data exist on the presence or absence of teratogenic. effects from the
inhalation or ingestion of asbestos, although transplacental transfar of
asbestos has been reported (Pontefract and Cunningham, 1973; Cunningham and
Pontefract, 1974)
Mutagenicity

In a preliminary study chromosoma! aberrations were seen in Chinegse hame
ster cells cultured in 2 medium containing 0.01 mg/ml of efther chrysotile
or crocidolite (Sincock and Seabright, 1975). No chromosomal aberrations
were seen in culture with coarse glass fibers or with control media. A more
extensive series of experiments by Sincock (1977), using several chrysotile
and crocidolite samples, showed that both positive transformation of
morphology and positive genetic responses result from the passive inclusion
of asbestos in culture media of CHO-K1 Chinese hamster cells. Very fine
fibrous glass produced the same abnormalities, but chemically leached
asbestos fibers produced fewer abnormaiities than those untreated. The
principal results are shown in Tabie 10.

Chamberiain and Tarmy (1977) tested UICC asbestos.samples of chrysotile,
amosite, anthophyllite, and samples of superfine chrysotile on several
straing of E. coli and S. typhimurium bacterial systems in which mutageni-

city to exogenous materials appears to correlate well with animal carcino-
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atories. A1l available data on these experiments are listed in Table
11. The data are flawed for several reasons, The numbers in each exper1:
mental group were small, the doses administered limited, and stgnificant
information on experimental procedures lacking. Also, systematic histologi-
cal examination, which was of most significance, was done on only 53 of
over 200 animals.

Wagner, et al. (1977a) fed groups of 32 rats 100 milligrams per day of
chrysotile or talc in malted milk for 100 days over a S-month period of
time. A small decrease in survival time was observed in the two study
groups: 614 and 618 days versus 641 for the controls. Two gastric lefomyo-
sarcomas were observed, one in each exposure group. Interpretation of the
resulits of this experiment, too, is difficult because of the small number of

( wuls in experimental groups.

As an outgrowth of concern for the use of asbestos filters in the puri-
fication of wine products and the possible effects of erosion of asbestos
fibers from those filters into the final product, a study was undertaken in
which asbestos filtered material was fed to rats (Gibel, et al. 1976).
Twelve malignant tumors developed in experimental animals, including four
kidney tumors. No tumors of this site were found in control groups. This
observation of renal cancer takes on significance in light of the finding of
an alevated risk of kidney cancer among asbestos insulation workers
(Selikoff, et al. 1979a) and a high excretion of asbestos fiber in the urine
of humans drinking fiber-contaminated water (Coock and Olson,” 1979).
However, this report provides only limited experimental detail, and the
filter material was composed of sulfated cellulose and a condensation resin

addition to 52.6 percent chrysotile asbestos. The presence of other

tances confounds the study in relation to asbestos carcinogenicity.
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Cunningham, et al, (1977) conducted two limited feeding studies of male
star rats, (ne percent chrysotile asbestos with five percent corn oil was
added to rat chow diet and fed to groups of 10 and 40 rats in two separate
experiments. In the first study, six of seven surviving animals were found
with tumors whereas only one malignancy was observed in efght controls (see

Table 11). Mo gastrointestinal tumors were seen, but two of the treated

group tumors were kidney nephroblastomas. In the second larger study, 11

tumors each were observed in treated and control groups of 40 animals. Two
of the malignancies in the asbestos-fed group were of the gastrointestinal
tract and one of the control group was a nephroblastoma, lessening the sig-
nificance of the finding of this t@r in the other treated group. With the
limited number of animals in this study, the evidence for carcinogenicity of
asbestos (by feeding) is 1nconclusive‘.
. Currently, a very large feeding experiment is being conducted under the
pices of the National Institute of Environmental Health Sciences
(NIEHS). Results, however, are not anticipated until late 1980. Meanwhile,
all previously reported experiments on ingested asbestos, whether positive
or negative, have significant limitations. To extrapolate such data to man
for use as a criteria for & standard would not be appropriate.

Inhalation: Although lung cancer was suggested as being causally re-
lated to human asbestos exposure in case reports in 1935 (Lynch and Smith,
1935; Gloyne, 1935), strongly indfcated to be so in 1947 (Merewether, 1947),
and unequivocally associated fn a cohort study by Doll (1955), no positive

animal data of consequence were forthcoming until 1967 when Gross, et al. '

({1967) showed that lung cancer could be produced by asbestos {inhalation

exposure. An early experiment of Nordmann and Sorge (194]) described two

ng tumors in 10 of 100 mice surviving 240 days following exposure to high
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concentrations of chrysotile. This work, however, was.c011ed into question
by Smith, et al. (1965) on the basis of the histology of the maligriancie,
Lynch, et al, (1957) exposed AC/F, hybrid mice to commercial chrysotile and
observed a higher {ncidence of pulmonary adenomas in exposed animals, 45,7
percent (58/127), compared to controls, 36.0 percent (80/222). No malignant
tumors were reported, and the {ncrease of adenomas was not significant at
the 0,05 level,

The first unequivocal data showing a relationship between asbestos inha-
latfon and malignancy was that of Gross, et al. (1967) who observed carcino-
mas in rats exposed to 3 mean concentration of 86 mg/m3 chrysotile for 30
hours/week from the age of six weeks. Of 72 rats surviving for 16 months or
longer, 19 developed adenccarcinomas, 4 developed sguamous cell carcinomas,
and 1, 2 mesothelioma, No malignant tumors were found in 39 control ani-
mals. A search was made for primaries at other sites which could have

{ metastasized. None were found. These and other data are summarized in
Table 12.

Reeves, et al, (1971) found .2 squamous cell carcinomas in 31 rats sacri-
ficed after 2 years following exposure to about 48 mglm3 of crocidolite.
No malignant tumors were reported in rabbits, quinea pigs, hemsters, or in
animals exposed to similar concentrations of chrysotile or amosite. No
details of the pathological examinations were given.

In & later study (Reeves, et al. 1974), malignant tumors developed in §
to 14 percent of the rats surviving 18 months. Lung cancer and mesothelioma
were produced by exposures to amosite and chrysotj}e and lung cancer by cro-
cidolite inhalation, Again, significant experimental details were lacking;
{nformation on survival times and times of sacrifice would have been useful.

“Available details of the exposures and resuylts are given in Table 13. While
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the relative carcinogenicity of the fiber types was similar, it was noted
that the fibrogenic potential of chrysottle, which had been substantially
reduced in length and possibly altered (Langer, et al, 1928) by mi11ing, was
much less than that of the amphiboles, These results were ;1so discussed in
3 later paper by Reeves (1976),

In an extensive series of experiments, Wagner, at al. (1974) exposed
groups of Wistar SPF rats to the five UICC asbestos samples at concentra-
tions from 10 to 1§ nglu3 for times ranging from 1 day to 24 months. For
311 exposure times there were 50 adenocarcinomas, 40 squamouscell carcino-
mas, and 11 .mesotheHoms produced., None appeared prior to 300 days from
first exposure. Considerable experimental detaf! 1s pravided in the paper.
The significant data are presented in Tables 14 and 15. These tumors follow
a reasonably good linear relationship for exposure times of three months or
greater, The incidence in the 1-day exposure group, however, is consider-
ably greater than expected. It was noted that exposure had a limited effect
on length of life. Average survival times varied from €69 to 857 days for
exposed animals versus 754 to 803 days for controls. The development of
ashestosis was also documented. The incidence of lung' cancer was found to
be greater in animals surviving 600 days. There were 17 lung tumors, 6 in
animals with no evidence of asbestosis and 11 in rats with minimal or slight
asbestosis. Cancers at extrapulmonary sites were also listed. Seven malig-
nancies of ovary and B of male genitourinary organs were observed in groups
of approximately 350 rats. None were obsérved in groups of 60 male and fe-
male controls. Incidence of malignancy at other sites was little different
from that of controls. If controls are included from other experiments in

which ovarian and genitourinary tumors were present, the comparative inci-
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TABLE 14

Number of Rats with Lung Tumors or Mesotheliomas After Exposure
to Yarious Forms of Asbestos Through [nhalstion*

Form of Asbestos ':‘; -::s Adenocarcinomas  Squamous—cell  mMegothelfoma

Carcinomas

Amosite 146 5 6 1
Anthophyilite 145 8 8 2
Crocidolite 141 7 9 4
Chrysotile

(Canadian) 137 1 6 4
Chrysotile
) {Rhodasian) 144 19 11 0
None 126 0 0 0

*Source: Wagner, et al. 1974
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TABLE 15

Numbers of Rats with Lung Tumors or Mesotheliomas After Various
Lengths of Exposure to Varfous Forms of Asbestos Through Inhalationd

Length of No, of No. with Lung  No. with Pleural X of Animals
Exposure Animals Carcinomas Mesotheliomas with Tumors
None 126 0 0 0.0
1 day 219 3b 2¢ 23
3 months 180 8 1 5.0
6 months %0 7 0 7.8
12 months 129 35 6 1.8
24 months 95 37 2 41.0

agner, et al. 1974
b2 exposed to chrysotile and 1 to crocidolite
€1 exposed to amosite and one to crocidolite
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Excess deaths due to peritoneal mesothelfoma and gastrointestinal cancer
(1c0 150;158) equal approximately 12 percent of the expected number of
deaths for asbestos workers in three different cchorts studied. An average
exposure index of 430 years x fibers >3 um/ml is calculated for these work-
ers by muitiplying average air fiber concentration estimates by average
years of exposure time, )

Since water measurement for asbestos requires electron microscope analy-
sis for fibers (asbestos particles with length to width ratios 33.0) of all
sizes, the occupational exposure index must be converted from fibers >5 um
(optical microscope) to fibers of all sizes (electron microscope). A ratio
of 200 electron microscope identifiable fibers to one optical microscope
identifiable fiber is used for chrysotile asbestos in workplace air samples.
A much smaller ratio is expected for amphibole fibers.

Assuming a linear dose response, occupational exposure of 5 days/week
and am3 air {nhaled/workday, and 70 years for ingestion of drinking water,
the criterion is calculated as follows:

(430 55 um/ml - years) (S5/7) (200 f£/f>5 um) (1/70 years)
A B c ]
(10fm1/m?) (am¥jday) (107/1.2'x 10°1)
E F G
600,000 fibers of all sizes/day
A = Exposure index in years x fibers >5 um/ml from Selikoff, et al., (1976,
1979a) and Newhouse and Berry (1979)
8 = Occupational exposure for 5 days versus 7 days for water exposure.

C¢= Conversion from optical counts (F »>5um) to TEM counts (a1l fibers) in
i fibers/fibers Sum

DE- 70-yaar exposure {s assumed for drinking water,

E « Conversion from ml to m3.



dence in the exposure groups here lacks significance. No data were pro-
vided, however, on the variation of tumor incidence at extrapulmonary sites
with asbestos dosage. )

Wagner, et al. (1977a) also compared effects of inhalation ;f 3 super.
fine chrysotilé to a pure, nonfibrous talc, One sdenocarcinoma was found in
24 rats exposed to 10.8 mg/m3 of chrysotile for 37.5 hours/week for 12
manths, _

Finally, in a study similar to Wagner's, Davis, et al. (1978) exposed
rats to 2.0 or 10.0 nglna of chrysotile, crocidolite, and amosite (equiva-
Tent to from 430 to 1950 f/wl). Adenc- and squamous cell carcinomas were
observed fn chrysotile exposures, but not with crocidolite or amosite (see
Table 16). One pleural mesothelioma was observed with crocidolite exposure,
and extrapulmonary necplasms included a peritoneal mesothelioma, A rela-
‘ively large number of peritoneal conn{ctive tissue malignancies were also
bserved, including a leiomyofibroma on the wall of the small intestine.

The significance of these tumors is speculative, however,

As discussed in the Pharmacokinetics section, {nhalation exposures .

result in concomitant gastrointestinal exposures from the asbestos that is
swallowed after clearance from the bronchial tree. While all i{nhatation
experiments focused on thoracic tumors, those of Wagner, et al. (1974),
Davis, et al, (1978) and, te a limited extent, Gross, et al, (1967) also
included a search for tumors at extrathoracic sites. A limited number of
these were found, but no association can be made with asbesto.'.- exposure,

One aspect of the {nhalation experiments that is noteworthy is' the sigl
nificant number of pulmonary necplasms that can be produced in the rat by
inhalation as compared to other species (Resves, et al, 1971, 1974). This

2ints to the varfability of species response to asbestos and the need for
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TABLE 16

Experimental Inhalation Carcinogenesis in Rats*

Exposure
Number of
Mass Fiber Animals Malignant Tumors
(mg/m3) (£55u/m1)  examined
Chrysotile 10 1,950 40 § adenocarcinomas
2 squamous-cell carcinomas
Chrysotile 2 390 42 1 squamous-cell carcinoma
1 peritoneal mesothelioma
Amosite 10 £50 43 none
Crocidoiite 10 860 40 none
Crocidolite L1 430 43 1 pleural mesothelfoma
Control 20 none

*Source: Davis, et al, 1978
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. appropriate model before extrapolations to man can be made with conff-
.ence, The absence of signif?cant gastroin'testinal malignancy from asbestQs
exposure in animals, in contrast to that found in humans, may be the result
of the use of inappropriate animal models. .

Intrapleural Administration: Evidence that intrapleural administration
of asbestos would result in mesothelioms was forthcoming in 1970 when Donna
(1970) produced mesotheliomas in Sprague-Dawley rats treated with a single
dose of 67 mg of chrysotile, amosite, or crocidolite. Reeves, et-al. (1971)
produced mesothelial tumors in rats (1 of 3 with crocidolite and 2 of 12
with chrysotile) by intrapleural fnjection of 10 mg of asbestos. Two of 13
rabbits injected with 16 mg of crocidolite developed mesotheliomas.

Stanton and Wrench (1972), in a series of experiments, demonstrated that
major commercial varieties of asbestos, as well as various other fibers,

*oduced mesotheliomas in as many as 75 percent of animals into which mate-
fal had been surgically implanted. Extension of these experiments were re-
ported in 1973 (Stanton, 1973). These results are summarized in Table 17.
The authors concluded that the carcinogenicity of asbestos and other fibers
is strongly related to their physical size, those fibers of a diameter less
than 3 um being carcinogenic and those of a larger diameter not carcino-
genic, Fuyrther, samples treated by grinding fn a ball mill to produce
shorter Tength fibers were less likely to produce tumors. While the authors
attributed the reduced carcinogenicity to a shorter fiber length, the ques-
tion has been raised as to the effect of the destruction of crystallinity
and perhaps other changes in the fibers occasioned by the extensive ball
milling (Langer, et al. 1978).

Another comprehensive set of experiments was conducted by Wagner (Wag-

ar, et al, 1973, 1977b). He, too, has produced mesothelioma from intra.
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TABLE 17

Dose~response Data Concerning the Effects of Intrapleural

“Implantation of Asbestos and Other Fibers in Rats*

Dose No. ?:h Rats Total no. % 01: Rats
v with
(mg) Mesothel{omas of rats Tumors
UICC=SRAS 1 2 25 8
Crocidolite 2 s 23 @2
10 11 27 41
20 12 25 48
40 14 23 61
Hand=cobbed 1 4 30 13
Virgin . 20 10 24 .2
Crocidolite 40 18 27 67
Special South African 40 15 20 75
crocidolite
Partun{ pulverized 40 8 25 32
crocidolite
UICC-SRAS 40 15 25 60
amosite
UYICC=SRAS 40 18 26 68
chrysotile
Coarse 40 1 24 4
fibrous glass
Glass wool 40 1 25 4
Fine AAA fibrous glass
3um diameter
uncoated 40 3 26 12
coated 40 5 28 18

*Source: Stanton and Wrench, 1572
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‘ayral administration of asbestos to CD Wistar rats and demonstrated a
‘ong dose-response relationship. Tables 18 and 19 1ist the results of
these experiments, ‘
~ Pylev and Shabad (1973) and Shabad, et al. (1974) reported mesotheliomas
in 18 of 48 and in 31 of 67 rats injected with three doses of 20 mg of Rus-
sian chrysotile, Other experiments by Smith and Hubert (1974) have produced"
mesotheifomas in hamsters injected with 10 to 25 mg of chrysotile, 10 mg of
amosite or anthophyliite, and 1 to 10 mg of crocidolite.
Various suggestions have been made that natural oils and waxes contami-

nating asbestos fibers might be related to their carcinogenicity (Harington,

* 1962; Haringtan and Roe, 1965; Commins and Gibbs, 1969). This, however, was

not borne out in the experiments described above by Wagner, et al, (1973) or
Stanton and Wrench (1972).

Intratracheal Injection: [ntratracheal injection has been used to study
e combined effect of administration of chrysotile with benzo(a)pyrene in
rats or hamsters (see Synergism and/or Antagonism). In rats given three
doses of 2 mg chrysotile (Shabad, et al. 1974) or hamsters given 12 mg of
chrysotile (Smith, et al. 1970) no lung tumors were observed. However, the
coadministration of benzo(a)pyrene did result in lung tumors.

Intraperitoneal Administration: Intraperitoneal {njections of 20 mg of
crocidolite or chrysotile produced three peritoneal mesotheliomas in 13
Charles River CD rats. Twenty mg of amosite produced no tumors in 2 group
of 11 (Maitoni and Annoscis, 19745.1 They also injected 25 mg of crocidolite
into S0 male and SO female 17 week0ld Sprague-Dawley rats and‘pbserved 31
mesothelial tumors in males and 34 in females, )

In an extensive series oi‘ experiments, Pott and Friedrichs (1972) and

Pott, et al. (1976) produced peritoneal mesotheliomas in mice and rats in-

Y



TABLE 18

Percentage of Rats Oeveloping Mesotheliomas After
Intrapleural Administration of Varfous Materialsd

et A
SFA chrysotile (superfine 66

Canadian sample)
UICC crocidolite 6l
UICC amosite 36
UICC anthophyllite n
UICC chrysotile (Canadian) 30
UICC chrysotile (Rhodesian) 19
Fine glass fiber (code 100),

median diameter, 0,12 um 12
Ceramic fiber, diameter, .

0.5-1 e 10:
Glass powder 3

Coarse glass fiber (code 110),
median diameter, 1.8 wm 0

agner, et al. 1977
DWagner, et al. 1973
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TABLE 19

Dose-Response Data Following Intrapleural
Administration of Asbestas to Rats*

Material Dose

No. of Rats with

Total no.

% of Rats

(mg) Mesothelioma of Rats with Tumors
. SFA chrysotile 0.5 1 12 8
i 1 3 11 27
H 2 -] 12 42
4 4 12 33
8 8 12 62
Crocidolite 0.5 1 11 9
: 1 0 12 0
. 2 3 12 25
4 2 13 18
8 ] 11 45
*Source: Wagner, et al. 1973
{
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Jected with various commercial varieties of asbestos and other fibrous mate.
rial. These resylts are shown fin Table 20. Using ;xi:eriments with
intrapleural administration, the malignant response was altered by ball.
milling fibers for 4 hours, The rate of tumor production was reduced from
55 percent to 32 percent and the time from onset of exposure to first -tunor
was lengthened from 323 to 400 days fon;mng administration of four doses
of 25 mg of UICC Rhodesian chrysotile. In the case of the ball.milled
fiber, 99 percent were reported to be smaller than 3 um, 93 percent less
than 1 ym, and 60 percent less than 0.3 um.

A strong conclusion which can be drawn from the above experimental data
is that large-diameter fibers (greater than 3 um) are significantly less
carcinogenic than finer fibers. The origin of the reduced carcinogenicity
of shorter, ball.milled fibers s less clear as the relative contributions
of shorter fiber length and the significant alteration of the crystal struc-
ture by input of physical energy are not, as yet, defined. Further, the
extrapolation of data developed on -sfze-dependent effects, from intrapleural
or intraperitoneal administration to {nhalatien (where movement of the
fibers in airways and subsequently through body tissues is strongly size-
dependent) presents significant difficulties. Finally, since the number of
smaller fibers in an exposure circumstance may be 100 times greater than
those longer than 5 um, the reduction of their carcinogenicity must be
demonstrated at @ level 100 times less before their contribution can be
neglected.

Carcinogenicity - Human Data

The modern history of asbestos disease dates from the turn of the cen-
tury, when two reports were pyblished documenting uncontrolled conditions in

asbestos textile factories. One, the testimony of H. Montague Murray (1907)
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{ ¢ hearing concerning compensation, described severe pulmonary fibrosis

_ound at autopsy in 1990 in the last survivor of 2 group of 10 workers first
employed 14 years previocusly in a carding room. The second was the descrip-
tion by Auribault (1906) of deaths during the early years of operation of an
asbestos weaving mill established at Conde-sur-Noireau, France, in 1890,
During this period 50 men died, including 16 of 17 recruited from a cotton
te;tﬂe mill previously cwned by the factory director.

With time, however, the spectrum of diseases associated with asbestos
exposure continued to expand, In 1935 two clinical reports were published
on lung cancer in asbestos workers who had died with evidence of pulmonary
fibrosis (Lynch and Smith, 1935; Gloyne, 1935). While such reports were not
sufficient to causally relate asbestos exposure to the lung cancer, the pos-
sibility was rafsed. In 1947 it was confirmed by substantial data which

{ sed that 13 percent of a group of individuals who died with ssbestosis in
.4t Britain also had bronchogenic carcinoma (Merewether, 1947). Mesothe-
lioma, a rare tumor of the lining of the abdomen or chest, was first de-
scribed in an asbestos worker in 1953 (Weiss, 1953) subsequently found to be
frequently associated with potential asbestos exposure (Wagner, et al,
1960), and unequivocally related to Such exposure in 1965 (Newhouse and
Thomson, 1965). Gastrointestinal cancer also was found to be in excess
ameong asbestos {nsulation workers in the United States (Selikoff, et al,
1964). ‘

Currently, all major commercial asbestos varieties, chrysot‘ﬂe,‘amosite,
and crocidolite, have been found to produce a significant incidence of ‘
asbestos related disease among workers occupationally exposed in mining and
milling, in manufacturing, and in the use of materials containing the fiber,

{ predominant route of exposure has been inhalation, although some asbes-
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tos may be swallowed directly or after being brought up from the respiratory
tract. Not only has asbestos disesse been found among {ndividuals exposed
to thé“]ibir directly as 3 result of excessive work expasures in decades
past, bu.t asbestos -associated cancer has also besen identified, albeit less
frequently, among those with inhalation exposures of lesser intensity, in-
cluding those who had worked near the application or removal of asbestos
material, those with history of residing in the vicinity of asbestos plants,
and those who had Tived in the household of an asbestos worker,

Water [ngestion: Five studies have considered the relation of asbestos
ingested in drinking water to gastrointestinal cancer. As an outgrowth of
the contamination of Lake Superior by fibrous material in the tailings of an
iron ore processing plant, the mortality of the population of Ouluth was
compared with that of Minnesota and Hennapin County (Minneapolis) for auin.
cuenia to 1969 (Mason, et al. 1974). The relative death rates for digestive
cancer, lung cancer, and all neoplasm were elevated from 16 to 49 percent,
However, with the exception of colon/rectal cancer, which was highly ele-
vated, no trends with time or consistency between male and female were
clearly discernadble. Because of this, Mason, et al. .(1974) concluded that
additional followup was necessary to determine if a hazard exists. Levy, et
al. (1976) conducted a similar study with equivalent results. However, the
short follow-up from the earliest possible exposure (1956) would make f{t
unlikely that any positive result would be found., Furthermore, while the
Reserve plant began production in 1956, current discharge levels did net
begin until 1967 when a major plant expansion took place, ‘

A’study by Harrington, et al, {1978) reviewed malignancy in the Connec-
ticut Tumor Registry from 1935 to 1973 to see if a correlation existed de-

" tween the use of asbestos cement (A/C) pipe for public water supply and the
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idence of gastrofntestinal cancer, No association was found between the

-ye-adjusted, sex-specific incidence data for stomach, colon, and recte}

cancer and the use of A/C pipe. While some water supplies reported A/C pipe
that was 45 years old in 1975, the majority (66 percent) of tho'popuhtic;n
studied received water through A/C pipes that were only 25 yesrs old. While
the majority (56 percent) of A/C pipe systems 1in Connecticut have water
which {s considered aggressive under the AWWA Standard for A/C transmission
and pressure pipe, fiber counts done on cover 100 A/C pipe systems in Con-
necticut showed 98 percent to be under 108 £ (. Millette, personal com-
munication).

A report published for the University of Californfa analyzed the 1969-
1971 cancer incidence from 721 census tracts of the five Bay Area Counties
along with the chrysotile asbestos fiber concentrations in the drinking

.ev {Cooper, et al. 1978). For the census tracts the chrysotile asbestos
ber counts ranged from below detectable limits to 36 x 105 fibers per
lter.

The University of Californfa investigators g;'ouned the census tracts on
a gradient of low-to-high asbestos counts and found significant
dose -response gradients for the incidence of several cancers. Statistically
significant positive trends were noted for white male lung and stomach
cancer and white female gall bladder, esophageal, and peritoneal cancer.
The census tracts were cross-classified using both asbestos count and tract

socioeconomic status indicators of medium family fncome and medium school

years completed., The positive dose-response effect between cancer incidence -

of certain sites and asbestos counts appeared to be {ndependent of the
effect of socio-economic status. The fact that the significant results are

t restricted to one body site is not surprising considering the knowledge
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that asbestos fibers are probably transported throughout the body. For ex-
emple, one study using rats has found that ingested fibers are deposited in
the lung. (Cunningham, et al. 1977). An extension of this study (Cooper,
et al, 1979) using 31; years of data showed a statistically significant as-
sociation between asbestos levels in the San Francisco Bay area drinking
water and cancers of the digestive tract.

A study by Wigle (1877) compared the cancer mortality in two areas of
Canada with probable high ‘concentrations of asbestos in drinking water with
an area presumably having Tow concentrations. Only one published asbestos
concentration is provided. Five values are listed from a personal communi-
cation with no details given on the sampling and analytical neﬁhod; utf -
lized. Mo data sre provided to substant{ate the assumed exposures of all of
the "probably low exposure® group and five of the seven ®possible high expo-
sure* municipalities. The mortality experience was compared with that ex-
pacted from Quebec rates, although far some sites it {s known that the rural
counties have lower cancer rates than Quebec, the rates of which are domi-
nated by the yrban center, Montreal. For example, the lung cancer rate of
the rural counties near the asbestos mines is only two-thirds that of Quebec
{McDonald, et al. 1971). Elevated rates for cancer of the stomach, colon,
and rectum were seen among “high exposure” males (46 observed vs, 38.4 ex-
pected), “"possible high exposure®™ females (103 vs. 91.3) and “probably low
expasure® females (311 vs. 270.3). The rates for the other two male and one
female groups were about S percent less than expected. In addition to the
absense of sampling data on exposure, the small ntilllb.t; "of deaths cbserved
seriously limits the study. For example, this document estimates that 2
10‘5 risk of death from asbestos ingestion may occur from exposures to

400,000 f/1. If there were no population migration into or from the highly
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osed areas and everyogne deceased in those municipalities were exposed for
. lifetime to the concentrations {ndicated, the above criteria level woulid
predict about ten excess deaths among the approximately 1,000 that occurred
over the observation time of this study.

Insulation Application and Removal: A large study by Selfkoff, et al.
(1979a) best demonstrates the full spectrum of disease from asbestos expo-
sure. They studied the mortality experience of 17,800 asbestos {fnsulation
workers from January 1, 1967 through December 31, 1976, These workers were
exposed primarily to chrysotile prior to 1940, and to a mixture of chryso-
tile and amosite subsequently, No crocidolite s known to have been uysed in
U.S. fnsulation materdal (Selikoff, et al. 1970). In this group, 2,271
deaths have occyrred, and their analysis provides important insights into
the nature of asbestos disease. Table 21 lists the expected and observed

ths by cause, and includes data on tumors less frequently found. Lung

Jors are common and account for about 20 percent of the deaths; 8 percent
are from mesothelioma of the pleura or peritoneum. Additionally, though,
cancer of the gastrointestinal tract is significantly elevated; so, too, are
cancer of the larynx, pharynx, and buccal cavity, and renal tumors, Other
tumors are also increased, but not to a2 statistically significant degree for
an individual site, Comparing the deaths from cancer and asbestosis in this
group with those expected in the general population, more than 40 percent of
the deaths among insulators can be attributed to their occupational exposure
to asbestos fiber,

Table 21 lists the observed deaths as categorized on death certificates -
and as determined after a review of all autopsy and medical records (BE).
The use of deaths characterized by the best available medical evidence for

k analysis is appropriate when one considers diseases that are virtually
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TABLE 21

Deaths Among 17,800 Asbestos Insulation Workers
in the United States and Canada

January 1, 1967 - January 1, 197728,b

Number of Men: 17,800
Man-Years of Observation: 166,853

===___-_————-——————-——————_—_—_====_====m
Observed Ratio o/e

linderlying Cause of Death .  Expected 18€) () ©E)  (00)
Total deaths, all causes 1,658.9 2,271 2,271 1.37 1.37
Total cancer, a1l sites 319.7 995 922 .1 2.88
Cancer of 1ung 105.6 486 429 4.60 4.
Pleural mesothelioms c 63 25 .- -
Peritoneal mesothelioma [ 112 24 oo -
Mesothelioma, n.o.s. ¢ 0 &5 . -
Cancer of esophaqus 7.1 18 18 2.83 2.53
Cancer of stomach 14.2 22 18 1.54 1.26
Cancer of colon-rectum 38.1 §9 58 1.55 1.582
Cancer of larynx 4.7 11 9 2.34- 1.91
( Cancer of pharynx, buccal 10.1 21 16 2.08 1.5
Cancer of kidney 8.1 19 18 2.36 2.3
Deaths of less common
malignant neoplasms
Pancreas 17.5 23 49 1,32 2.81
Liver, biliary passages 7.2 s 18 0.70 2.65
81adder 9.1 9 7 0.99 0.77
Testes 1.9 2 1 -~ -
Prostate 20.4 30 28 1.47 1.37
Leukemia 13.1 15 18 1.15 1.15
Lymohoma 20.1 19 16 0.95 Q.80
Skin 6.6 12 8 1.82 1.22
Brain 10.4 14 17 1.3% 1.63
A1l other cancer 25.5 55 92 2.16 3.61
Noninfectious pulmonary .
diseases total §9.0 212 188 3.5¢9 .19
Asbestosis ¢ 168 .. 78 .- .-
A1l other causes 1,280.2 1,064 1,161 0.83 0.91

Y

3Selikoff, et 31, 19792
bExpected deaths are based upon white male age specific mortality data of
: the UI.S, National Center for Health Statistics for 19567.1975 and extrapcla
l tfon to 1976.
CRates are not available, but these have been rare causes of death in the
.general popuiation,
BE: Best evidence., Number of deaths categorized after review of best
available information (autoosy, surgical, clinical)

DC: Number of deaths as recorded from death certificate information only.
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sent in the general population (asbestosis and mesothelioma). Since meso-
.nelfoma is not a common cause of death in other than asbestos -exposed indt -
viduals, its misdiagnosis on the death certificates of general population
has little significance. However, as ft is 3 major cause of death of asbes-
tos -exposed workers, its proper diagnosis 1s necessary fn order to evaluate
the extent of occupational disease. Moreover, were it not to be properly
characterized one would conclude that cancers of the liver and pancreas were
elevated from asbestos exposure. Thus, one would have to consider excesses
at these sites (as misdiagnosed on death certificates) rather than mesothe-
Homa in evaluating abdominal cancers. Otherwise, the use of best evidence
rather than death certificate information is a minor factor in the evilus-
tion of gastrointestinal cancer. For example, among caqce;s of the esopha-
gus, stomach, colon, and rectum in 2,271 consecutive deaths fn insulation

kers, 112 were listed at these sites on death certificates. Best evi-

ce indicated that 118 occurred. This difference would have little effect
upon ihe calculation of gastrointestinal cancer. On the other hand, peri-
toneal mesothelioma per se was specified in only 24 deaths where bo;t evia-
dence indicated 112 occurred from this disease. The difference was largely
made up from overdfignosed cancer of the pancreas (26 cases), cancer of the
Mver (14 cases), and from 55 mesotheliomas unspecified as to site.

The large number of deaths allows an analysis to be made of the onset of
effects as related to time from first exposure. Figure 3 depicts the excess
asbestos related lung cancers and mesotheliomas according to time from cnset
of exposure. It {s seen that an important rise in bronchogenic carcinoma-
occurs only after 28 years and mesothelioms and asbestosis after 30 years.
This long-lapsed period is seen in individuals exposed continuously to rela-

1y high concentrations of asbestos. At lower exposures, longer periods
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FIGURE 3

The Excess, Asbestos-related Mortality Rates fof'Lung Cancer and
Mesothelioma According to Time from Onset of Asbestos Disease

Source: Selikoff, et al, 1979
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n exposure onset to tumor development would be expected and, thu;. stud-
; that do not provide adequate followwp can be misieading.
Among other groups of insulation workers, high rates of cancer, particu-
larly bronchogenic carcinoma and pleural or peritoneal mesothelioma, hav;
been reported by Seltkoff (1976). In this study 632 New York and New Jersey
insulation workers, 20 or more years from onset of exposure were observed
from January 1, 1943 through December 31, 1974, Of these, fewer than 300
individuals were included in the larger study of 17,800 insulation workers,
With a much longer observation period, even more severe effects were seen.
Similarly, a study by Elmes and Simpson (1971, 1977) in the United Kingdom
portrays 3 more severe mortﬂity‘experience. particularly for lung cancer
over 3 period of time, 1940.-1975.
Some data on exposure of U.S. insulation workers exist. These have been
fewed by Nicholson {1976) and are summarized in Table 22, Estimates of
t average exposures were made on the basis of current measurements by
four laboratories of fiber concentrations during work activities thought to
be typical of those of past years and information on product composition and
usage. Time.wefghted average concentrations of 10 to 15 f > 5 un/ml and 15
to 20 f > S um/ml were suggested for commercial construction and marine
work, respectively, It was noted that, while these average concentrations
were not extraordinary, peak concentrations could often be very high and
excead 100 f/mi. At Lyon, in 1972, Cooper and Miedema (1973) reported,
“peak concentrations may be high for brief periods, while time.weighted

averages are often deceptively low.* To the_extent possible these high

exposures were taken {into account and the timeweighted average exposyre was
largely due to peak exposures, This averaging and the extrapolation to ear-

‘r years introduce uncertainties in the estimate. However, the above
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TABLE 22
Summary of Average Asbestos Air Concentrations during Insulatfon Work

Average

Fiber Concentration f/wl

Light and Heavy
Research Group Constryction Marine Work

Average concentrations of fibers longer than § um evaluated by
membrane filter tschniques and phase-contrast microscopy

Nicholson (1971b) 6.3

Balzer and Cooper (1968) 2.7

Cooper and 8alzer (1968) 6.6
Ferris, et al. (1971) 2.9
Harries (1971a,b) 8.9

Average concentrations of al) visible fibers counted
with a konimeter and bright-field microscopy

Murphy, et al. (1971) 8.0
Fleischer, et al, {(1946) 30-40

Estimates of past exposure based on current sembrane-filter data
Nicholson (1976) 10-15
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( weighted average exposures are felt to be accurate within a factor of
. -» This fs suggested by the good agreement among the exposure estimates
and measurements of four different laboratories and by the good agreement of

{nsulator dose-response data with that of other groups. .

Factory Employment: An early study of workers from an asbestos products
factory (Mancusco and Coulter, 1963) showed a significant excess in total
mortality, with important contribytions to excess death rates from asbesto-
sis, cancer of the lung, bronchus, and traches, ind neoplasms of the diges-
tive organs and peritoneum. [n this latter group of deaths, an important
factor was peritonesl mesothelioma. While in excess, increases in cancer of
the esophagus, stomach, colon, and rectum did not have statistical signifi-
cance. There was a consistent increase in the mortality rate with increas-
ing length of employment in the asbestos industry for all causes of death

especially for malignant neoplasms and asbestosis.

Additional studies of factory employees (Enterline, et al. 1972; Hender-
son and Enterline, 1979) focused upon a group of retirees from several
plants of a major asbestos products manufacturing company. [t shows 2 simi-
lar pattern of mortality, Table 23 lists standard mortality rates (SMRs) by
cause in two time periods. The usual asbestos cancers and asbestosis are
seen as significant causes of death, Here, too, 3 correlation was found be-
tween total dust exposure and excess mortality for both malignant and non-
malignant disease. Table 24 lists the data for lung car;cer and shows a lin-
ear relationship with exposure.

These authors (Enterline and Henderson, 1973) suggested_ earifer that
crocidolite may have a higher carcinogenic potential {for lung) than amosité
or chrysotile. The later analysis (Henderson and Enterline, 1979) shows

at individuals in the textile departments of the company (chrysotile only)




TABLE 23

Observed Deaths and SMRs for Selected Causes of 6u'th by
Period of Follow-up for 1,075 Males Retiring from 3
U.S. Asbestos Company from 1941-67 and Followed through 19738

1941 -1973 1941.1969 1970-1973
Cause of Death Observed g Observed gup  Observed S
Deaths Deaths Deaths

A1l causes . 781 120.4 616 115.8 165 141.6
Cancer (140-205)0 173 159.0 138 154.5 35 179.5
Digestive (150-159) 85 137.8 46 136.1 9 142.5
Respiratory (162-163) 63 270.4 49 270.7 14 269.2
A1 other cancers L] 120.6 43 115.0 12 146.3
Stroke (330.334) 74 96.4 48 76.7 26 183.1

Heart disease (400443} 3 106.5 269 108.4 s2 97.7

Resnintov_-g disesse
(470.527) ) 68 173.0 c4 178.2 14 155.6

Pneumoconiosis and
pulmonary fibrosis

(523-525) a - 25 . 6 -
Asbestosfs (523.2) 19 C e 16 .- 3 -
A1l other causes 113 92.5 96 94.6 17 82.5
De::: ?:;:Z:;“tes 32 .~ 11 .- 21 .-

2Handerson and Enterline, 1979
DD{sease code
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TABLE 24
Lung Cancer Mortality Rates According to Dust Exposured

Cumulative Dust Exposure SR
(mppcfd - years)
<125 197.9
125 - 149 180.0
250 - 499 327.6
500 - 749 450.0
150 ' 177.8

iHendersaon and Eateriine, 1979
SMt111on particles per cubic foot
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have 2 lower lung cancer SMR than those {n the pipe department (chrysotile
and crocidolite) for equal dust exposures. However, no conclusions could be
drawn from an analysis of the mortality rates of all 1ndi;1'dua1s exposed, or
not exposed, to crocidoiite., Since the follow-up of this population began
only after the cohort members reached age 65, survivor effects may be of
importance. For example, those individuals who smoke cigarettes and are
thus at higher risk for lung cancer may be preferentially excluded by virtue
of death before age 65 because of smoking-associated disease such as myocar-
dial {nfarction. Further, the limited number of mesotheliomas (5 of 781
deaths) found in the latest followup of this group could be due to the high
incidence of mesothelioma at age SO to 65, 30 to 45 years from onset of
first employment (see Figure 3). Mortality data were correlated with esti-
mates of previous dust concentrations in terms of millions of particles per
cubic meter of air (mppcfl). No information was provided on possible fiber
concentrations.

A study of the largest factory of the company studied by Enterline, et
al, (1972), but not limited to retirees, shows 2 considerably different mor-
tality pattern (Nicholson, 1976; Nicholson, et al. 1980b). All 689 mainte-
nance and production employees on January 1, 1959, who were first employed
at least 20 years earlier were followed through 1976. I[n this group, 274
deaths occurred, whereas 188.19 were expected. Fourteen pleural and 12
peritoneal mesotheliomas accounted for nearly 10 percent of the deaths, most
occurring before age 65. A strong correlation with estimated dust exposure
was seen in deaths from asbestosis, but not with the asbestos-related malig-
nancies. Castrointestinal cancer was especially high in the lowest of four
dust categories (11 observed versus 3.15 expected) and only eleavated siight-

ly in the higher exposure categories, In the highest dust category, the
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textile mill, cancer was not dramatically ﬁncreascd. but 40 percent of the
eaths were from ashestosis. I[ndividuals in this department tended to .dje
of nonmalignant disease before reaching the age of greatest risk for cancer.
A study by Weill, et al. (1979) of two asbestos cement product facili-
ties has also been published. Here, the mortality experience of 5,645 em-
ployees was followed for at Teast 20 years. It shows excess mortality for
Jung cancer in the highest exposed groups but deficits of death from all
causes (as great as 40 percent) in all categories. Of the group 3,854 (68
percent) were employed for less than 2 years. Thus, exposures were 1imited
for the majority of the cohort members, Further, as most of the followup

" involved observations prior to 25 years from first exposure (18,117 person-

years at risk <25 years from {nftial exposures versus 5,910 person-years 25
years), there was limited risk from asbestos disease in the group. Of most
~onsequence, however, 25 percent of the cohort was untraced and a1l untraced

we considered alive. This could explain the large mortality deficits in
all categories other than lung cancer and invalidates the study for any use
in establishing dose response relationship.

A final significant U.S. factory study is that of Seidman, et al, (1979)
which extends an earlier study (Selfkoff, et al. 1972) and documents the
experience of workers exposed only to mmosite asbestos in the groduction of
{nsulation materials, primarily for use aboard naval vessels. OQverall mor-
tality shows patterns similar to other heavily exposed groups, with 594

deaths observed versus 368.62 expected., Lung cancer was more than five

times the number expected, and 16 deaths from mesothelioma occurred, Of

particular importance in this study is the finding that individuals employed
for periods less than § months had significant excess of lung cancer (Table

25). CGastrointestinal cancer was also elevated for those with exposures of
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'ass than 6 months (15 observed vorsus 10,5 expected), but the difference
d not have statistica) significance.. Further, there was not an increasing
rigk with time of employment as in the case with lung cancer.

Some data exist that would indicate the air concentrat1ons‘of asbestbs
to which workers in a factory, which operated in Paterson, New Jersey, from
1941 through 1954, were exposed. Ffollowing cessation of operations there,
two similar plants were opened elsewhere, using the sime equipment and
manufacturing the same produ;:t with the same materials. As in the Paterson
factory, dust control was inadequate in the newer plants, These continued
operation through 1971 {in one case and 1975 in the second. Ouring 1967,
1970, and 1971 asbestos fiber concentrations in the plants were measured by
the National Institute for Occupational Safety and Health [NIOSH, 1972), and
the results are presented in Table 26. The overall srithmetic average expo-
~re was 34.9 f/ml with a range from sbout 20 to 80. Using 40 f/ml, as an

imate of the fiber count in the Paterson factory, one calculates the
average dose received by those employed for less than & months to be no more
than 120 f/ml.months, the same dose as would be received by a worker em-
ployed 20 years at an exposure of 0.5 f/ml, Of significance, also, {s that
the mesothelioma risk is less than that of insulators (3 percent versus 7
percent), Since times from onset of exposure to imosite are comparable for
each group, the presence of amosite in insulation materfals cannot explain
the high rate of mesothelioma among insulators.

In Great 8ritain, 2 well-studied factory population (Deoll, 1955; Knox,
et al. 1968) provides useful information because of the availability of |
environmental information. The mortality experience of this group has been
recently updated (Peto, et al, 1977). Workers exposed prior to 1933 (before

Anst concentrations were sfgnificantly reduced) had a marked excess of lung
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TABLE 26

Asbestos Fiber Concentrations {n Two Amosite Insulation
Production Facilitiesd,d

ASBESTOS INSULATION PLANT Y

1967 1870 1971
No. of ¥o. of No. of
Operation Mean Samples Mean Samples Mean Samples
Mixing 107.0 3 27.7 2 46.3 7
Forming $8.9 12 24.1 13 25.2 32
Finishing 32.2 4 16.8 ] 15,0 17
Inspection
and Packing 13.3 2 13.0 8 11.0 19
Miscellaneous 21.0 14 2.7 1
ASBESTOS INSULATION PLANT X
1867 1970 1971
No. of No. of No. of
Operastion Mean Samples - Mean Saxples Mean Samples
Mixing 163.0 5 36.2 3 74,4 1
Forming 33.3 18 25.7 3 50.6 39
Curing 2.5 1 31.0 1 14.4 5
Finishing 44.6 3 3.8 4 39.5 26
Inspection
and Packing 16.7 7 17.9 3 22.8 15
Miscellaneous 13.8 2. 16.6 24

ANIOSH, 1972
bAl1 samples expressed as £ > § um/mi.
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cancer (25 observed versus 4.53 expected). Other cancers were elevated, but .
“/ so greatly. Of significance, however, individuals employed after 1933,
. even after January, 1951, were found to have an excess risk of lung Camw.
cer. These data were analyzed by Peto (1978) in relation to measured and
R estimated fiber conc.eneutions. Exposures averaged about 10 f/ml after 1933
and ‘were virtually exclusively chrysotile. Using a linear dase-response
relatfonship for lung cancer and pleural mesothelioma, he estimated that a 2
f/ml exposure for 50 years would cause approximately 10 percent of male
asbestos workers to die from asbestos-related disease. [t should be noted
that data available for analysis were very limited and the estimate was
based on extremely small numbers (14 deaths from lung cancer, 4 from meso-
thelioma, and 17 from nonmalignant respiratory disease). Furthermore, few
individuals in the cohort were more than 35 years from onset of exposure and

at a period of highest risk from asbestos disease.

Another factory population has been extensively studfed (Newhouse, 1969;

Juse, et al. 1972; Naewhouse and Berry, 1976, 1979). Exposures were to
chrysotile, crocidolite, and amosite. Tgble 27 lists the mortality experi-
ence of both men and women according to estimates of fiber exposure (no
details are provided as to the method of estimation) (Newhouse and Berry
1979). Lung cancer, gastrointestinal cancer, and mesothelioma are signifi-
cantly elevated in the long-term (>2 years) or severe exposure groups. It
has been estimated (Newhouse and Serry, 1975) that as much as 11 percent of
this entire group will die of pleural or peritoneal mesothelioma. Among fe-
male workers, cancer of the breast and.cancer of the ovary were significant-
1y higher (p = 0.05). o

Mining and M{1ling: Three studies exist showing mortality patterns in

the mining and mi1ling of pure chrysotile asbestos. A series of studies
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(McOonald and (iddell, 1979; McDonald, et al. 1971, 1980) of 10,939 male
Canadian mine and mi1l employees show excess mortality, particularly of the
respiratory system, T;ble 28 lists the mortality for those individuals ia
the cohort that achieved 20 or more ygars from-first employment. Standard
mortality ratios were cilculated from the expected number of deaths in the
province of Quebec. The risk of death from lung cancer fincreases linearly
with dust index with no evidence of a threshold [relative risk = 1 + 0.0014
(mppcf-years)]. The mortality for esophogeal and stomach cancers shows a
strong relationghip with dust index, but that of colonrectal cancer does
not. Pleural mesothelioma was 3 cause of 11 deaths to 1975. The use of
Quebec mortality statistics may underestimate the actual risk as the
earliest report by McOonald (McDonald, et al. 1971} stated that lung cancer
mortality in the five counties near the asbestos mines was only two.thirds
of the province as a2 whole, the rates of which would be dominated dy the
urban center, Montreal, The effect of urban-ryral difference on the rates
of cancer at other sites is not known, Additionally, it {s not stated ia
the pudblication how the 10 percent of the cohort that was untraced was
treated., All data on exposure are given in terms of millions of particles
per cubic foot (mppcf). While esrlfer work described the difficulties of
converting particle counts to £/1 (Gibbs and LaChance, 1974), it is now sug-
gested that a conversion factor between 1 and 5 f/m per mppcf may be appro-
priate (McDonald, et al. 1980).

A Soviet study of the health effects of chrysotile mining and milling s
that of Kogan, et al. (1972). Overall excess mortality of cancer of the
respiratory or digestive tract was seen, particularly in the groups aged 30
years or older (and presumably 30 or more years from first exposure), Among

these, stomach cancer mortality in male miners {s increased 2.5 times ané
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that of female workers by 3.6 times. The cornsmndin§ increases for female
and male mill workers dre 4.3 and 19,9 times expected. Additionally, fintes.
tinal cancer s elevated among the 50+ yesr group 4.3 timés for male miners,
6.9 times for female miners and 14.3 for women mill employees. Unfortunate-
1y, data on the number of deaths are not provided. No cases of mesothelioma
are reported. ‘

Anthophyllite mining has a1so been found to produce a high risk of bron-
chogenic carcinoma (Meurman, et al, 1974). In a study of miners exposed to
fibers of cummingtonite.grunerite ore series (in which amosite fs formed),
Gf1lam, et al., (1975) reported excess malignant respiratory disease (10
observed versys 2.7 expected) at an average afr concentration of 0.25 f/ml.

No cohort mortality studies exist for the mining or milling of crocide-
Tite or amosite.

In the above studies of chrysotile mining and milling, mesothelioma was
present to much less a degree than {n the following three instances: a fac-
tory using chrysotile exclusively, (4 percent of 20+ year employees) (Peto,
1978); the largest U.S. chrysotile using facility (10 percent) (Nicholson,
et al. 1979); or insulation work using chrysotile and amosite {7 percent)
(Selikoff, et al, 1§79a). It appears that as tne fibers are manipulated
through milling, processing, and use, their carcinogenic potential in.
creases, Whether this is related to a reduction in fiber size or other fac-
tors s yet to be definitively established, particularly in view of animal
data which indicates s reduction in carcinogenic potential fellowing ball-
milling (see Animal Inhalation section).

Because of its relevance to ingestion, 3 summary‘;f the available data

on gastrointestinal cancer and peritoneal mesothelioma {s given in Table 29.
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Indirect Occupational Asbestos Exposure: [n 1968 1t was pointed out by

ries (1968) that shipyard workers other than insulators were at risk from

aspestos disease. Among Devonport Dockyard employees, five ciases of meso-,

thelioma were found among men who had not been “asbestos workers® but had
followed other trades in the yard, These men presumably had been 1nadver..
tently exposed to asbestos merely by working 1n. the same shipyard areas
vhere asbestos had been used. Continuing to follow this group, Harries
later documented 55 cases of mesothelioma in this shipyard alone, only 2 of
which occurred in asbestos workers (Harries, 1976), and 1 of which occurred
in a man who had previously sprayed asbestos. A ‘study of the distribution
of all verified cases of mesothelioma found in Scotland between the years of
1950 and 1967 is also revealing. Of 89 cases available for study, S5 were
in shipyard employees, dockers, or naval personnel. Of the 55, again only 1
was an asbestos insulation worker (McEwen, et al, 1977).

A study by Edge (1976) of men who had worked in a shipyard in Barrow,
.«gland, attempted to establish a3 risk of low-level asbestos exposure on a
population basis. He selected 235 shipyard workers with pleural plaques but
no parenchymal fibrosis on X-ray, and followed their mortality experience
from 1970 through 1973. Seventy died, 17 of mesothelioma and 13 from lung
cancer, 2.5 times greater than expected. However, the relevance of these
data have been called .into question by the possibility of bias in the
selection of the 235 cases (Edge 1979).

The previously mentioned radiclogical evidence (see Indirect Occupa-

tional Asbestos Exposure section) that asbestos concentrations in general

shipyard work (Selikoff, et al. 1979a) or maintenance activities in a chemi -

cal factory (Lilis and Selikoff, 1979) are sufficient to produce fibrasis
points to the existence of a widespread carcinogenic problem from indirect

.Destos exposures.,
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Environmental Asbestos Disease: Wagner, et al. (1960) reviewed 47 cases
of mesothelioma found in the Northwest Cape Province, South Africa in the
previous § years, Of this number, roughly half the cases were in pecple who
had worked with asbestos. Virtually all the rest were in individuals who
had, decades before, simply lived or worked in an area of asbestos mining
{one living along a roadway in which a;bestos f!ﬁers were shipped). This
germinal observation demonstrated that asbestos exposure of limited inten.
sity, often intermittent, could cause mesothelioma. The hazard was further
pointed out by the findings o; Newhouse and Thomson (1965), who showed that
mesothelioma could occur among people whose potential asbestos exposure con-
sisted of their having resided near an asbestos factory or in housenolds of
asbestos workers, Twenty of 76 cases from the files of the London Hospital
{1917 to 1964) were the result of such exposure; 31 were occupational in
origin, and asbestos exposure was not fdentified for 25.

8oth pleural and peritoneal mesotheliomas have been found te occur from
environmental asbestos exposure, For example, in the neighborhood and fam-
i1y cases documented by Lieben and Pistawka (1967), two of three family con-
tacts and two of eight neighborhcod mesotheiiomes were peritoneal. In gen-
eral, a greater percentage of environmental mesotheliomas compared to occu-
pational are pleural in origin, This, however, may be the resylt of 2
greater propensity for peritoneal mesotheliomas to be misdiagnosed. In
occupational circumstances, 40 percent of pleural mesotheliomas were cor-
rectly classified on death certificates versus only 21 percent of peritoneal
mesotheliomas (Selikoff, et al. 197%a).

Synergism and/or Antagonism

Asbestos exposyre and cigarette smoking have been found to act syner-

gistically to produce dramatic increasas in lung cancer over that from expo-
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‘e to either agent alone. In a prospective study by Hammond, et al.
11979) of 17,800 insulation workers, smoking histories were solicited from
a]1 individuals during 1966 prior to observation. Of 12,051 workers who
passed the 20-year point since entering the trade before or during t;e
10-year observation perfod, January 1, 1967 to December 31, 1976, 891 re-
ported they had never smoked, 488 had smoked only a pipe and/or cigars, and
6,841 gave a history of cigarette smoking., No information was available
from the remaining 3,831, Using data of the American Cancer Society {ACS)
on age- and calendar year-specific cancer rates among smokers ind nonsmokers
in 3 prospective study of more thgn one millfon people in the United States,
it was possible to make smoking-specific comparisons of the mortality exper-
{ence of insulation workers with nonasbestos exposed individuals in the gen-
eral population, Those insulation workers who claimed never to have smoked

.garettes were found to have an increased risk of death from lung cancer
~ompared with nonsmokers in the general population, although there were
relatively few deaths, 8 observed versus 1,3 expected. However, among those
with 3 history of cigarette smoking, the risk was aiso increased and its
effect was large, 268 deaths being recorded versus. 4.7 expected. Among none
cigarette smokers in the general population Table 30 lists the death rates
and mortality ratios of smoking and nonsmoking asbestos workers compared to
the ACS control population. Asbestos exposure appears to multiply the risk
of death of lung cancer by four to six times, irrespective of smoking hab-‘
its, When that risk is already high, as in cigarette smokers, the resylt 1§
catastrophic, An earlier study by Selikoff, et al. (1968) {indicated that
the risk of death from lung cancer in cigarette.smoking asbestos workers was
92 times that among individuals who were nefther exposed to the fiber nor

moked cigarettes,
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TABLE 30

Age-Standardized Lung Cancer Death Rates? For Cigarette Smoking ing/or
Occupational Exposure to Asbestos Dust Compared with No Smoking and
No Occupational Exposure to Asbestos Dustd

Exposure History Death  Mortality Mortality
Group to Cigarette  pate Difference Ratio
Asbestos Smoking
ContrglC No No 11.3 0.0 1.00
Asbestos workers Yes No 58.4 +47.1 5.17
Control - No Yes 122.6 +111.3 10.88
Asbestos workers Yes Yes 601.6 +690.3 §3.2¢4

3Rate per 100,000 man-years standardized for age on the distribution of the

man .years of a1l the asbestos workers,

on death certificate information.
bHammone, et al. 1979,

CThe central population is a group of

Number of lung cancer deaths based

73,763 white, male workers exposed ¢a

the job to dust, fumes, vapors, chemicals, or radtation.
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Cancers of the larynx, pharynx and buccal cavity, and of the esopﬁ;gus
1 insulation workers are also associated with cigarette smoking (Kammond,
et al. 1979). Among 50 deaths due to tumors of these sites, none were among
nonsmokers and 3 were among individuals who smoked only pipes or cigans.
Mesothelioma of the pleura or peritoneum and cancer of the stomach, colon,
and rectum, however, were unrelated to smoking habits, It is worth noting
that in these studies by Selikoff and Hammond over 200 excess deaths
occurred from peritoneal mesothelioma and gastrointestinal cancer (excluding
esophagus) in 2,271 deaths of insulation workers. Were smoking-related lung
cancer not a factor, abdominal cancer deaths would dominate the mortality
experience of this group of asbestos workers.

Other studies have substantiated the synergistic effect of cigarette
smoking. Berry, et al, (1972) obtained retrospective smoking histories on a
jroup of asbestos workers and analyzed their mortality according to ;mking
1abits over 3 10-year period of time., The results indicated that the com.
bined effect of cigarette smoking and asbestos exposure on the development
of lung cancer is myltiplicative rather than additive,

Although synergistic effects have been documented for bronchagenic car-
cinoma, only cigarette smoking has been investigatad in the eticology of
abdominal cancers. The possibility exists, of course,' that these tumors too
could have a multiple factor etiology and that other contaminants, ingested
with asbestos, may potentiate tumor development.

Additionally, some nonmalignarit asbestos effects are related synergisti-
cally to cigarette smoking. Among a group of factory employees it was found
by Weiss (1971) that evidence of fibrosis, as manifest on X-rays, was in-
creased among individuals who smoked cigarettes compared to nonsmokers,
Deaths due to asbestosis appear 2lso to be increased in cigarette smokers

compared to nonsmokers (Hammond, et al, 1§79).
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In anima] experiments, exposure to benzo(a)pyrene (BP) and asbestos ¥
act synergistically. Pylev and Shabad (1973) reported that intratrachea
injections of 6 mg of chrysotile onto which was absorbed 0.144 mg of 8P
(from a benzene suspension) and 2 mg of chrysotile coadministered with 5 mg
BP produced malignant tumors in 29 peréent and 54 percent of rats, respec.
tively. Administration of 6 mg of chrysolite or S mg BP yielded no tumors.
Miller, et al, (1965) found intratracheal injection of chrysolfte with 8P to
increase tumor yield over that of BP alone while ams"lte 3ppeared to have
Tittle suych effect.

No data exist on antagonistic or prophylatic compounds in relation to
animal or human disease. In vitro experiments by Schnitzer, et al. (1971)
have shown that 'hemolysis of red cells can be inhibited by coating the
fibers with ionic polymers such as carboxymethylcellulose.

Fiber Size Considerations

Experimental systems, particylarly those used by Stanton and Wrench
{1972) and Pott, et al, (1976), indicate a significantly reduced carcing-
genicity of fibers as the length {s reducad or the diameter increased. On
the other hand, human data suggest an important role for small fibers. From
analyses of tissue samples from 29 mesothelioma cases, Sebastier, et al.
(1979) found that larger fibers, often amphiboles, tend to be found in the
lung parenchyma, In. contrast, in the pleura, the fibers were finer and
shorter and benera”y chrysotile, The mean length ir pleura was 2.3 um and
that of the lung 4.9 um. In 20 pleural samoles of 29 autopsy cases in which
ashestos fibers were found, chrysotile was 1denti;1ed as the only fiber in 8
and only a trace (<l percent) of amphiboles was found in 2 others. In con-
trast, significant percentages of amphibole fiber; {>18 percent) were found

in 26 of 29 lung parenchyma samples from the same cases.
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In an examination of the mortality of workers in different types of
asbestos industries, significant differences occur that may be related ‘to
fiber size. In amosite and chrysotile mining, few mesotheliomas are seen,
whereas, in manufacturing and end product use, large percentages of deaths
occur from this tumor. For example, chrysotile mining and milling, while
related to a significantly increased risk of death from lung cancer and
asbestosis (McOonald and Liddell, 1979; MNicholson, et al. 1979), has not
been associated with an extraordinary mesothelioma risk, Similarly, amosite

mining and milling does not appear to sfgnificantly {increase the risk of

. mesothelfoma, while crocidolite mining and milling does (Webster, 1970), On

the other hand, the manufacture of amosite products {s associated with a
significant risk of death from mesothelioma, 3.5 percent of the deaths of
individuals 20 or more years from first employment befng from this cause
‘Sefdman, et al, 1979). Further, insulators who were exposed to chrysotile
nd amosite, but never to crocidolite (Selikoff, et al. 1970) have 9 percent
of their deaths, 20-plus years from onset of exposure, from mesothelioma
(Selikoff, et al, 1979a). As neither amosite nor crocidolite can account
for this extraordinary risk, chrysotile must contribute significantly., This
is also borne out by observations of the mortality of workers in a
chrysotile using factory, 4.3 percent of 1long-term deaths were from
mesothelioma fin 2 facility using 5,000-6,000 tons of chrysotile,
approximately 50 tons of amosite, and less than 4 tons of crocidolite
annually (except for 3 years when 375 tons of amosite were used "annuany)
{Robinson, et 31. 1979).

Much of these differences in risk may be accounted for by the differ-
ences in fiber size distributions in the three work environments rather than
y fiber type, The greatest percentage of longer and thicker fibers would

scur in the work environment of miners and millers. As the asbestos is
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used in manufacturing processes, it is broken apart .ls {t {s incorporited

finished products. Ouring application or removal of insulation praducts,

is further manipulated and the fiber reduced in length and dhmeter.' ¢
these ‘smaller fibers can readily be carried to the periphery of the lung.
penetrate the visceral pleura and lodge in the visceral or parietal pleura,
they may be of greater importance in the etiology of mesothelioma, even
though longer fibers, once there, ire more carcinogenic., In the case of
crocidoiite, fine fiber aerosols are produced even.in mining and, thus, al}

uses of that fidber are associated with mesothelioma.
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CRITERION FORMULATION
Jdsting Guidelines and Standards

The current Occupatfonal éafety and Health Adminfstration (OSHA) st;n;
dard for an 8-hoyr timeweighted average (TWA) occupational exposure to
asbestos is 2 fibers longer than 5 microns in lTength per mill{l{ter of air
(2 £/m1 or 2,000,000 f/m°).
for no more than 10 minutes (29 CFR 1910.001). This standard has been in
effect since July 1, 1976, when it replaced an earTier one of 5 f/ml (TWA),

Peak exposures of up to 10 f/ml are permitted

In Great Britain, too, 3 value of 2 f/ml is the accepted level, below which
no controls are required. (BOHS, 1968); the British standard, in fact, served
as 3 guide for the OSHA standard (NIOSH, 1972).

The British standard was developed specifically to prevent asbestosis
among working populations; data were felt to be lacking that would allow a
stermination of a standard for cancer (BOHS, 1968). Unfortunately, among
ccupational groups, cancer is the primary cause of excess death among work -
ers (see Carcinogenicity section), Three-fourths or more of asbestos-
related deaths are from malignancy., This fact has led QSHA to prépose 2
lower TWA standard of 0.5 f/ml (500,000 f/m3) (29 CFR 1910,001). The
National Institute for Occupational Safety and Health (NIOSH), in their cri-
teria document for the hearings on a new standard, have proposed a value of
0.1 f/ml (NIOSH, 1976). In the discussion of the NIOSH proposal, it was
stated that th'e value was selected on the basis of the sensitivity of ana-
Tytical techniques using optical microscopy and that 0.1 f/ml may not neces-
sarily protect against cancer, Recognition that no 1nformat'1on~éxists that
would define a threshold for asbestos carcinogenesis was also contained in
the preamble to the 0OSHA proposal. The existing standard in Great Britain

has also been called into question by Peto (1978), who estimates that asbes-
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tos disease may cause the death of 10 percent of workers exposed at 2 f/ml
for a working lifetime. A fiber concentration 1imit of 1.0 ¥/m! has recent.
ly been published in Great Britain (Advisory Committee on Asbestas, 1979),

The existing Federal standard for asbestos emissions into the environ-
ment prohibits “"visible emissions® (40 FR 48291). No numerical value was
specified because of difficulty in monitoring ambient air asbestos concen-
trations in the ambient air or 1in stack emissfons., (Time-consuming and
expensive electron microscopy is often required.) Some local government
agencies, however, may have numerical standards (New York, 27 ng/m3 for
example).

No standards for asbestos in foods or beverages exist even though the
use of filtration of such products through asbestos filters has been a com-
mon practice in past years. Asbestos filtration, however, is prohidbited or
limited for human drugs (41 FR 16933).

Current Levels of Exposure

As detailed in the Exposure section, asbestos is a ubiquitous contami-
nant of our air and water, Air concentrations over 24 hours in metropolitan
areas usually are less than § ng/m3 but can range up to 20 ng/m3. Val-
ues up to 50 nglm3 are found during daytime hours in locations where con-
struction activities and traffic can be contributing sources. A significant
fraction of the fibers inhaled can be brought up from the respiratory tract
and swallowed. m; leads to an ingestion exposure from air sources of up
to 0.1 ug/day, although most of the population exposure is from 0.01 to 0.05
ug/day.

Water concentrations of asbestos are usually less th.an J.O6 €ibars of
all sizes per 1liter although significantly higher values (168 £/1) have

been found in circumstances where water systems have been in contact with
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(' ‘tiform minerals or where contamination of the water supply exists.
.~ mass concentrations corresponding to fiber concentrations are usually
less than 0,01 ug/l but could exceed 1 ug/l. Thus, direct water ingestion °
usually leads to exposures of less than 0.02 ug/diy. ) .
Clearly, point source pollution can cause both afr and water concentra-
tions to exceed the above values, Such instances are discussed in the
Exposure section.
. Special Groups at Risk
Special groups at risk may include neonates and children; however, no
data exist on the relative sensitivity to asbestos of infants and children
undergoing rapid growth, Concern exists because fibers deposited in the
tissues of the young may have an extremely long residence time during which
malignant changes could occur. In addition, risk could be {influenced by
“ferential absorption rates which have not been fully studied at this time.
Individuals on kidney dislysis machines may also be at greater risk as
f1u1d§, potentially contaminated with asbestos fibers can enter the blood
stream directly or, in selected instances, the peritoneal cavity (peritoneal
dialysis).
Although no synergistic effects have been identified in the eticlogy of
asbestos related gastrointestinal cancer, they canﬁot be ruled out. Thus, // ‘ Py
people exposed to other carcinogens, initiators, or promotors could be at . ﬂ%"
increased risk.
An incressed risk is also associated with increased exposure to asbestos - ;,;;
in water in municipalities such as San Francisco or Seattle where asbestos - 7€ff;
occurs natura11y in water, in cities where there is an interaction betweenAij~' ’/
aggressive water and asbeséos-cement pipe, or in cities whose water may be

contaminated as a result of asbestos operations., Also, the usg of asbestos
“;:; 1, S
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cement products for the collection of water, such as in cisterns in the

-

Virgin Islands or {n roof run-offs in tropical areas, increlses exposure,

Basis and Derivation of Criterion

As previously discussed, no definitive studies, either animal or human,
exist that would estabifsh risk levels from ingestion of asbestos'fibers.
Those studies published provide both positive and negative data, but all
have methodological limitations. In the case of the human studies, these
include observations on only recently exposed {individuals, small study
groups, low exposures, population mability, uncertainty over the effect of
confounding variables, and inappropriate contrel populations. Animal stud-
ies have uysually been conducted with very small numbers of animals, have
lacked proper pathology, used Timited doses of asbestos, and poorly defined
the materials ingested.

On the other hand, human studies of workers exposed to airborne asbestos
unequivocally demonstrate an excess risk of gastrointestinal cancer in vir.
tually 31l aroups surveyed, A route of exposure to the gastrointestinal
tract from such exposures is also clear from the fibers cleared from the
lung and bronchial tract and subsequently swallowed. Using information on
3irborne exposures to workers, it is possible to estimate an approximate
exposure level to. the gastrointestinal tract from estimates of airborne
asbestos éoncentrations. This, however; involves the use of data having, in
some cases, significant uncertainties and, thus, the critarion level on
asbestos in water that will produce a specified ri;k cannot be established
with high precision, ‘ | .

Experimental uncertaintie; exist as to the air concentrations in fibers
Tonger than § um/ml to which workers were exposed 1n<past years, the conver-

sion of these >S5 um fiber concentrations to concentrations of fibers of all
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-*ves in atir, and on the s3{ze distributions of water and airborne asbestos
5. [Information {s also lacking on the importance of fiber size in the
production of human cancer, On the one hand, longer fibers are more cars-
cinogenic in experimental systems although quantitative data are 11m1ted;
on the other hand, smaller fibers appear to more readily cross body barrieri
to reach sites of importance for human carcinogenesis, The relative impor-.

tance of these two factors cannot be accurately estimated. '-:»(”’:“‘

13

A substanttal body of data exists which shows increased 1nc1denct';}
cancer of the esophagus, stomach, colon, and rectum or peritoneal mesothe-
1foma 1n humans exposed to asbestos occupationslly. For several of these
groups, data exist on the approximate airtorne fiber concentrations to which
individuals were exposed (see Effects section). These human data will serve
as the primary basis for a standard of asbestos in water. Experimental data
‘see Pharmacokinetics section) indicate that a major fraction of the asbes-

s deposited in the lungs is subsequently swallowed. In this section, the
dose to the gastrointestinal tract of four occupational groups will be cal-
culated from knowledge of the air concentrations to which the workers were
exposed and the assumption that all the asbestos inhaled subsequently passed
through the gastrointestinal tract and provided the exposure that led to the
observed increase in abdominal cancer, The assumption that all inhaled as-
bestos fs fingested is an overestimate but not a significant one. No account
has been taken of the material that a worker may swallow directly, and this
quantity could be important. The extent to which these factors are offset-
ting cannot be estimated. Uncertainties exist in the extrapolatjon of ani-
mal data on clearance to man and in the effect of the aerosolisize distribu~
tion on the fraction swallowed. Thesg uncertainties, however, are felt to

be unimportant in comparison to our fnabi11ty to estimate the guantity of
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asbestos that might be directly swallowed. If the amount of asbestos
directly ingested is less than that which remains in the ?ungs or is cleared
from the body by other‘than ingestfon, the estimated cri‘te'ria level will pe
less stringent. If the directly {ngested asbestos is of more importance,
the criteria level will be more stringent.

Table 31 lists the percentage of death from éxcess gastrointestinal can-
cer and peritoneal mesothelioma in four groups of asbestos workers. Calcu.
lations of these percentages were made using expected numbers of death,
rather than the observed, because the latter is often significantly inflated
by including other asbestos.related deaths [(asbestosis, lung cancer, and
pleural mesothelioma),

Table 3& 1ists the fiber concentration estimates (see Carcinogenicity
section) and an exposure index for each cohort (years of exposure x fider
concentration). This index will be used to calculate the number and mass of
asbestos fibers ingested during a working lifetime. As the observed mortal.
ity is, to 2 large extent, after 20 years from first exposyre, the fnter-
mixing of time and exposure does not present significani problems.

The average length of exposure for the fnsulation workers in the first
group was calculated from data on employment time at entry into the cohert
in 1967. A working lifetime of 40 years was used for the smaller group of
New York and Hew Jersey fnsulators, virtually all of whom were deceased or
retired. The estimate of the person-weighted exposure index for the mostte
factory {s simply the average employment time mulitiplied by 40 f/al. Oata
from Table 33 were used to estimate a person-weighted exposure index for the
Newhouse and Berry group.

[Person weighted exposure index (Mo, at risk x exposure x time) . 180.}
Z(No. at risk)

14
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TABLE 32

Exposure Indices for Asbestos Worker Groups

Afr Fiber Person-weighted
Exposed Group Concentration  Average Exposure %;22:2’: ;7:?;
(f/m1) Time (yrs.)

U.S. insulators
Selikoff, et al. (1979a) 15 (Table 22) 34 510
NY/NJ insulators
Selikoff (1976) 18 (Table 22) 40 600
Amosite factory workers
Seidman, et al. (1979) 40 (Table 26) 1.8 76
British factory workers
Newhouse and

Berry (1979) 10-30 See Tadble 33 180
Factory retirees See note 2 740
Henderson and

Enterline (1979)
Chrysotile miners See note a 588

and millers

3The cumulative exposure index in f/ml x years was calculated by multiply-
ing & person-weighted exposure index in mppcf x years by 3.

- av
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TABLE 33

Exposure Estimates for Workers {n a 8ritish Factory*

. Time of Exposure
Exposure Group No. at Risk  Exposure (f/ml) (Years
Severe <2 years 711 30 20

» years 1,323 30 2
Low to Moderate <2 years 503 10 20

»2 years 933 10 2
*Source: Newhouse and Berry, 1379
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The fiber exposures for the studies.of McDonald, et al, (1980) and Hen-

derson and Enterline (1979) were calculated from the estimate of McDonald,.

et a1, (1980) that 1 mppcf is equivalent to 3 f/mi, While no data support
this suggestion, it appears reascnable and was also used for the factory
exposure circumstances.

The majority of samples analyzed for the EPA to date were characterized
by a congentration of a1l electron microscopic visible fibers per liter of
water (see Exposure section), Further, techniques for the determination of
fiber concentrations (as opposed to mass concentrations) have been pub.
1ished as interim EPA procedures (Anderson and Long, 1980). Thus, a criter.
fon for the concentration of fibers of all sizes in water corresponding to a
105 risk will be calculated directly from the concentrations of fibers
greater than 5 um measured in the occupational circumstances that produced
disease. Unfortunately, the data currently available relating air concen-
trations of fibers longer than § um, counted by optical microscopy, to those
determined by electron microscopy, are extremely limited. These include
those by Wallingford (1978), 1:15; Millette (personal communication), 1:400;
and Winer and Cossatt (1979), 1:1.006 and are only for chrysotile asbestos.
Using the geometric mean of 200 for this factor from all available data, 3
total fiber concentr;tion corresponding to a ICI‘5 risk can be calculated
from the data of Tables 31 and 32. The scant data on the relation between
electron and optical microscopic counts s uncertain., The variability
between these three measurements is likely the result of losses during the
preparation of specimens for electron microscopy. Thus, the ‘vnue by Wal-
Hrigford appears unduly low and is in disagreement with electron microscopic
size distributions showing 1 to 3 percent of fibers in chrysotile asbestos
’aer:oso1s to be longer than § ym. With these considerations, the uncertainty

in the value 200 may be estimated to be a factor of 3.
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In making the calculation, one tacitly assumes the same fiber size dfs-
oution in water as in occupational air samples. Some data show that
water fiber size distributions vary g;éatiy (Millette, et al. 1979,b), ang,
occupational air distributions have been. shown to be so variable that th;
fraction of fibers longer than 5 um can range over a factor of lo'Hependiné
on sampling circumstances (Nicholson, et al. 1972). -Although sizing of
airborne and waterborne fibers has not been done using the same methods,
qualitatively, water appears to have fiber distributions with more smaller
fibers than 1in occupationral. air samples. Experimental studies, previously
discussed, have shown that once in place, longer fibers are more
carcinogenic than shorter ones. However, shorter fibers appear to more
easily cross organ barriers and migrate throughout the body, and may, thus,
be of greater importance for some asbestos malignancies, particularly meso-
thelfoma (Sebastien, et al. 1979). The extent to which the assumption of
¢ same fiber size distribution in water as in air will likely yield 2 con-
servative criteria (from the point of view of health} cannot be estimated.

A detailed calculation of the 70-year lifetime risk from the injection
of 106 fibers of asbestos per day is given in Appendix I. Data of éhe oc-
cupational risk of both gastrointestinal cancer and peritoneal mesothelioma
were used (Table 31). Account was taken of the %act that occupational expo-
sures took place over a S-day work week and that the ingestion exposure may
encompass a lifespan of 70 years. It was assumed that a worker breathes at
the rate of 1 m3/hr during work exposure for the purpose of calculating
total ashestos intake per day. Using a linear dose-response relationship
and 2 specified risk of 10'5, the calculated 70-year dain‘intake result«
ing from these calculations are given in Table 34. It is not correct to

simply average intake levels (rather than risks) as a single study showing
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TABLE 34

The Calculated Risk of Death over a 70-Year Lifetime from
Gastrointestinal Cancer and Peritoneal Mesothelioms from
Ingestion of 106 f/day of Asbestos

Exposure Group Estimated Risk
100 f/day

Selikoff, et al. {1979a) 1.1 x 10-5

Selikoff (1976) 1.7 x 10~5

Newhouse and Berry (1979) .1 x 10-5
Henderson and Enterline

(1979) 1.9 x 10-6

McDonald, et al. (1980) . 9.5 x 10~

Average 1.24 x 10-5

This average corresponds to a daily intake of.

800,000 fibers for a 10=5 1ifetime risk.
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y. Tow risks could yield an intake level of unlimited magnitude. The in-
-.usfon of such & level in any averaging process would clearly not be Ppro <
priate. The data from Seidman, et al. (1979) were not used because it waé
exc]u;iveiy from amosite exposures. While exposure over the last 10 or 2&
years of 1ife may not have been of grest importance in the generation of
asbestos related cancers, those ingested during the first 10 years may be
much more important than fibers ingested later, and no consideration was
taken of this possibility in establishing criteria levels. Further, the
occupational exposures from which the criteria were developed utilized
exposures through the Jifetime of the populations. Assuming that two liters
of water are ingested per day, this would correspond to a concentration of
400,000 fibers of all sizes/1iter of water,

It {s remarkable that three long exposure groups had similar exposure

lices, This would suggest that these estimates are indeed reasonable.

e exposure index for the study of Newhouse and Berry may be low, and this
would produce a higher risk estimste. On the other hand, as previously dis-
cussed, the mortality data of Henderson and Enterline (1979) and McDonald,
et 31, (1980) may underestimate effects producing lower risk estimates.

A criterion for a mass concentration of asbestos can also be calculated
using the conversion value of 30 ug/m3lflm1 derived from the data of Table
2 for predominantly chrysotile exposures. A value of 150 uglm3lflm1 for
amosite appears more appropriate, based on the finding of Davis, et al,
(1978) that amosite has approximately a three time greater convgrsiqn;factor
than chrysotile. A detailed calculation is given in Appendix Il and the
results summarized in Table 35, Assuming that 2 liters of water are ingest-
ed per day, & risk of 10'5 would be produced from ingesting water contain-

g 0.05 ug/liter. As mentfoned in the "Exposure” section, the variability

c-109




e Qv

TABLE 35

The Calculated Risk of Death over a 70-Year Lifetime from
Gastrointestinal Cancer and Peritoneal Mssothelioma from
Ingestion of 1 ug/day of Asbestos

Exposure Group Estimated Risk

ug asbestos

Selikoff, et al. (19792) 7.3 x 10-5
Selikoff (1976) 1.1 x 10~4
Sefidman, et al. (1979) 5.5 x 10-5
Newhouse and Berry (1979) 2.1 x 10~4
Henderson and Enterline (1979) 1.3 x 105
McOonald, et al. (1980) 6.4 x 10-6
Average* 8.6 x 105

*This corresponds to a daily intake of 0,12 ug for a

10=5 tifetime risk,
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! ( e data used to convert optica) fiber counts to mass (factor 0 in Appen-
i t« .1) leads to a large uncertainty (a factor of 5) in the above estimate.
: Considering chrysot11é and depending on the source of the asbestos 1n“;'
water ?see Table §), 0.05 ug/liter corresponds to from 105 to 25 x 106 i
" fibers of all lengths per day. Such estimates are considerably higher than
those derived previously and are most 1ikely a reflection of the differences
in the sizes of the fibers found in water, 2s compared to those found in
air. Because of these uncertainties, high priority should be given to ob-
taining accurate size and mass distribution of typical fibers found in dif.
ferent circumstances (air and water) which would allow appropriate conver-

sions to be made between fiber concentrations in air and water.

S Snedn ot i tertadte o n ety ek o e

Althqugh positive animal experiments had various experimental limita-
é tions, risk estimates were calculated from their data using a modified one
:( model as previously discussed in the Methodology document. Th? data are
. anted in Table 36. Considering the large number of experimental uncer-
tainties, these values provide reasonable support for the concentration
derived from human exposure data.

This document was concerned with the estimation pf that concentration of
asbestos in water which will produce a lifetime risk of 1 in 100,000 in a
population exposed continuously. The risk estimate was made using 2 linear
extrapolation from existing human data and would appear to constitute a con-
servative extrapolation. However, in the case of asbestos, the risk factor

of 1/100,000 is not conservative. If we were concerned with intermittent or

4 i b tona e a e

Yocalized contamination incidents of some carcinogen that once identified,
could be abated, such a value would have utility. With asbestos, however,

we are concerned with a ubiquitous contaminant in the environment to which

[ VU S PR

-ge populations are continuously exposed for decades. Further, the esti-
ad value has a high degree of uncertainty associated with it, based upon

the data from which it was derived.
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TABLE 36

Risk Estimates from Animal Experiments*

Estimated 10=°

Effect Dosage (u9/1)
4/42 Kidney carcinomas 3.2
0/49 control
12/42 Malignancies 1.1

2/49 control

*Source: Gibel, et al, 1976
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Under the Consent Decree in NRDC v, Train, criteris are to state “recom-

¥

:d maximum permissible concentratiofns (including where appropriate,-

zerg) consistent with the protection of aguatic organisms, human heaith, and
recreational activities.® Asbestos {s suspected of being a human carcino-
gen, Because there {s no recognized safe concentration for s human carcino.
gen, the recommended concentration of asbestos in water for maximum protec-
tion of human health {s zero.

Because attaining a 2ero concentration level may be infeasible in some
cases and in arder to assist the Agency and states in the possible future

development -of water quality regulations, the concentrations of asbestos

: corresponding to several incremental lifetime cancer risk levels have been

estimated. A cancer risk level provides an estimate of the additional inci-
dence of cancer that may be expected in an exposad population, A risk of
1(_)'5 for exsmple, indicates a probability of 1 additional case of cancer
f( very 100,000 peaple exposed, 2 risk of 10"5 {ndicates 1 additional
case of cancer for every million pecple exposed, and so forth,

In the Federal Register notice of availability of draft ambient water

. quality criteria, EPA stated that it is considering setting criteria at an

{nterim target risk level of 10‘5. 10'5. or 107 as shown in the fol-
lowing table,

Exposyre Assumption Risk Levels and Corresponding Criteria (1)
107 106, . 105,
. SIRENEN | i /o aan - 2_3
2 liters of drinking water 3,000 /1= 30,000 f/1 300,000 /1
Consumpticn of fish and
shellfish only No Criterion
*f o fibers
C~113
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(1} Caleulated by 2pplying a relative risk epidemiological model as
described in the Methodology Document to the human epidemiologica)
data presented in Appendix III, Since the extrapolition model is
linear at low doses, the additional lifetime risk is directly pro-
portional to the water concentration. Therefore, water concentry.
tions corresponding to other risk levels can be derived by multi.
plying or dividing one of the risk levels and corresponding water
concentrations shown in the table by factors such as 10, 100,
1,000, and so forth,

Concentration levels were derived assuming a lifetime exposure to vari-
ous amounts of asbestos occurring from the consumption of drinking water
only.

Although total exposure information for asbestos is discussed and an
estimate of the contributions from other sources of exposure can be made,
this data will not be factored into ambient water quality criteria formula-
tion until additional analysis can be made. The criteria presented, thers.

fore, assume an incremental risk from ambient water exposure only.
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Sample calculation of risk per 10

Appendix [

dose -response relationship.

16.8 x 10 x 1 X el

Ba
Ca

£w
Fu

§00(f/m1) yrs 8 x 10° m1/day

Percentage of excess GI cancer and peritones! mesotheld -
oma in study group.

Exposure index.

Exposure took place_for 8 hours and the worker was as-
sumed to breathe 1 m3/hr (100 mi/hr),

Conversion from optical counts (fibers >5 um) to electron
microscopic counts {all fibers).

710-year exposure to water is assumed,

Exp:swe was concentrated in 5 days rather than 7 days/
week .

Calculation is for a 70-year risk per 106 fibers/day,
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Appendix I1

Sample calculation of risk per ug of asbestos ingested ystng a lin-
ear dose-response relationship.

16.8 x 10-2 x 1 x 1 __x 033 £/m1 x 70 years x

Ba
Ce

Ew
Fu

cwin meav

7
600(f/m1) yrs 8 mi/day ug/m 3

8 ¢ 0 3 F

Percentage of excess GI cancer and "pcritonen mesotheli-
oma in study group.

Exposure index.

Exposure took place for 8 hours and the worker was as-
sumed to breathe 1 mi/hr,

g?nversion of 30 ug/m3 per 1 f/ml of chrysotile (Table

70-year exposure to water is assumed.

Exposure was concentrated fn 5 days rather than 7 days/
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( Appendix III

Summary and Conclusions Regarding the
Carcinogenicity of Asbestos*

Asbestos is 2 collective mineralogical term referring to naturally oc-
curring minerals which have crystaiized in the form of masses of long fibers
uhich' cu“ be easily separated. This term also commonly refers to certain
mineral occurrences in which fibrous silicate mineral can be extracted and
used commercially for insulation, textiles, brake linings, asbestos cement,
construction products, etc. Chrysotile, the fibrous form of serpentine,
provides over 95 percent of the approximately 900,000 tons of asbestos cone
sumed each year in the Unfted States. The remaining asbestos used consists
of the fibrous amphibole minerals crocidoiite, amosite (fibrous grunerite),
pnd anthophyllite. Fine dusts produced from the mining, milling, menufac-
( *q, 3nd use of these asbestos minerals contain discreet microscopic,
8:...yated mineral particles of *fibers® which when inhsled by man are known
to cause- bronchogenic carcinoma and pleural and peritoneal mesothelioma.

Asbestos particles and other inorganic fibers introduced into the pleu-
ra, peritoneum, and trachea of rodents have fnduced malignant tumers in
numerous studies reported in the literature. Limited and contradictory data
exist for the carcinogenicity of asbestos administered to animals by inges-
tion. One study in which asbestos filter material was fed to rats (Gibel,
et 01.11976) reports 12 malignant tumors in 42 exposed animals versus only 2

liver <ell carcinomas in 49 control animals, Electron microscope analysis

*This summary has been prepared and approved by the Carcinogens Assessment
Group of EPA on June 23, 1979.
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of animal tissues for asbestos indicates that ingested fibers can accumulate
at many sites following hematogenous or lymphatic transport of ingested
fibers which pass through the gastrointestinal mucosa. -

The strongest evidence for the carcinogenicity of ingested asbestos is
provided by epidemiology of populations occupationally exposed to high con-
centrations of airborne asbestos dust. Inhalation exposure to asbestos dust
fs accompanied by ingestion exposure because high percentage of inhaled
fibers are removed from the respiratory tract by mucocilfary clearance and
swallowed. Peritones] mesothelioma, often in great excess since it is very
rarely observed in the absence of asbestos exposure, and modest excesses of
stomach, esophagus,. colon-rectum, and kidney cancer have been observed asso-
ciated with sccupational exposure.

The inflyence of long-term chrysotile fiber contamination of San Fran-
cisco Bay area water supplies on cancer incidence has recently been studied
by the liniversity of California under an EPA grant., Significant dose
response gradients for the incidence of several cancers, including white
male lung and stomach and white female esophageal and peritoneal cancer,
were noted independent of the effect of sociceconomic status. Other water
supply studies are of limited value due to factors such as very low exposure
and insufficient time elapsed sinée initial exposure of the population.
Dbservation in ﬁumn urine of mineral fibers previously ingested with drink-
ing water has established that ingested asbestos can pass through the human
gastrointestinal mucosa and migrate to various tissues.

Asbestos is a known carcinogen when inhaled. The demonstrated ability
of asbestos to induce malignant tumors in different animal tissues, the
Das!uge of ingested fibers through the human gastrointestinal mucosa, and

the: extensive human epidemiological evidence for excess peritoneal, gastrc-
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