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i IV. SAMPLING METHODS AND ENVIRONMENTAL DATA

Review of Sampling and Analysis Techniques for Asbestos

A variety. of sampling and analysis techniques have been used to

identify asbestos fibers and determine their concentrations in air, water,

mineral samples, and biologie tissue. These include optical and electron

-mleroscopy, x-ray diffraction, and differential thermal analysis. Asbestos

fiber identification and quantitation in occupational and environmental air

samples is difficult for a variety of reasons:

1) Asbestos fibers are generally present in low mass quantities

even though fiber number concentrations may be high.

2) Many instrumental analytical techniques cannot differentiate

asbestos fibers from their nonfibrous mineralogic polymorphs.

1) Many airborne asbestos fibers are generally below resolution -

limits of the optical microscope. These fibers may only be detected by

using electron microscopic methods.

4) For identification of the various asbestos fiber types by

electron microscopy, electron diffraction and microchemical analyses must

be performed which require expensive insttumentétiowzéﬁd'analysis time.
{a) Electron Microscepy and Microchemical Analysis

Both transmission and scanning electron microscopy have been used for

asbestos fiber identification and quantitation. In addition to-morphologic

observation, selected area electron diffraction and microchemical o
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analytical techniques may be used for fiber identification.

In addition to superior resolution capabilities, most modern

transmission electron microscopes are equipped with electron diffraction
factlitfes. Crystalline materials scatter electroms in regular patterns
related to their crystal structure. The image of the scattered electrons

is mainly predicted by Bragg geometry. In the transmission electron
microscope, the diffraction image is formed in the back focal plane of the

objective lens and is focused in the viewing screen by defocusing the

intermediate lens. Visual observation of single fiber {single crystal)

electron diffraction patterns may be used to differentiate chrysotile

fibers from amphibole fibers (Langer et al, 1974; Timbrell . 1970).

Chrysotile fibers produce streaked diffraction patterns (lattice defects),

with the streaks or layer lines nearly perpendicular to the fiber length.

The spacing between the layer lines denotes the fiber "a" axis of

o
approximately 5.3 A. Reflections along the layer lines are usually very
s ,

streaked and Debye-Scherrer rings are common. With progressive electron

beam bombardment, the diffraction pattern may change because of fiber

The 'central core” of chrysotile fibers may also aid in fiber

identification with the precaution that the central core 1is unot always

discernable and may disappear with the beam damage (Langer et al, 1974).

Also, other fibrous minerals may have hollow cores.

The amphibole wminerals are generally straighter in appearance than

chrysotile fibers. Moreover, light and dark banding (diffraction images)

may cross the fiber at right angles (Langer et al, 1974). Diffraction

contrast figures have been observed on all amphibole fiber types. Selected

area diffraction patterns for the amphibole asbestos minerals are all
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similar in appearance; therefore, visual observation of these patterns is v

sufficient only to classify the fiber as being a fibrous amphibole (Langer

e

et al, 1974; Cook et al, 1974). Amphibole electron diffraction patterns

show laye;sﬁ and sometimes streaks perpendicular to the fiber length with

-

"

the spacing between the layer lines or streaks representing the fiber "o :

. o
axis (Langer et al, 1974) of approximately 5.3 A, In contrast to

chrysotile, less streaking along the layer lines is observed with the spot -

Tepeat along the 1lines representing ome of the two remaining lattfce

spacings { "b" or "a") depending on fiber orientation relative to the

electron beanm. Typically, approximately 30 seconds is needed to perform a

selected area electron diffraction analysis on a single fiber.
In addition to wvisual observation of electron diffraction patterns .

for fiber identification, photographs can be made of the diffraction

et §

patterns and crystal 'd" spacings measured from the plate and calculated-

-

using the instrument camera constant (Timbrell, 1970). Both "spot”" and

polycrystalline patterns may be weasured. It must be borne in mind that

intensities may not be the same as those observed for x-ray powder patterns

and additional reflections may be present. :

Electron beam wicrochemical analytical techniques may sometimes be

used to identify asbestos fibers from other fibroys' particles {Rubin and -

Maggilore, 1974; Ferrell et al, 1975; Langer et al, 1975; Magglore and

Rubin, 1973). The most common System presently in use i{s the energy

dispersive x-ray detector in combination with a scanning or transmission

conventional

electron microscope. Wavelength x-ray analyzers and the

electron microprobe have been used; however, their routine applicatlion is s

limited because of data acquisition rimes (Langer et al, 1975). On the
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other hand, data acquisition times with energy dispersive analyzers are far

L]

ranging from 20 to 80 seconds/analysis.

Semiquantitative microchemical analysis in.the electron microscope 1s

based on the fact that a beam of high energy electrons incideat on an

Pry

asbestos fibef generates x-rays characteristic of the elements present in

that fiber. The generated x-rays are observed by means of a detector

(lithium-drifted silicon crystal) placed in the electron microscope colum

close to the specimen. The energy of the x-ray photon is converted to a

voltage pulse which is amplified, digitized and stored in a multichannel

analyzer or a minicomputer. The content of the memory is usually displayed

en a CRT (Maggiore and Rubin, 1973). With the energy dispersive detector,

all elements with atomic numbers of sodium or higher may be analyzed.

Continuous background or brehmsstrahlung radiation is always present with

the x-ray spectrunm.
Each of the asbestos minerals has an x-ray spectrum which is usually

characteristic encugh, when comblned with fiber morphology, to allew its

identification (Rubin and Maggilore, 1974; Ferrell et al, 1975; Dement et

spectra

is wusuvally sufficient for fiber identification; however, three component

continuous background from

the semiquantitative x-ray spectrum (Ferrell et ai, 1975). For asbestos

fiber analysis, matrix corrections are rarely used. Typicaily, Ilrom,

magnesium, and silicon are plotted on the three component diagram and

compositional boundaries for the asbestos minerals established. This

technique suffers from 1nabiliry to use all compositional data obtained,

such as presence or absence of sodium, calcium, aluminum and manganese,

which aid in identification.
61
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With  energy dispersive x-ray techniques, possession of proper

elemental intensities may not be sufficient for positive identification as

-
i

many fibrous minerals show similar elemental Intensities. For example,

Chrysotile,.gﬁéhophyllite, and fibrous tale, which have similar elemental

compositions, may be difficult to differentiate. However, these materials .

m=ay easily be distinguished by using selected area electron diffraction. In

addition, unique identification of the various fibrous amphiboles usually

e

requires both selected area diffraction and microchemical  analysis.

Transmission electron microscopes equipped with an energy dispersive x-ray

Bl

detector are now available which allow simylitaneous observation of

worphology, crystal structure, and elemental composition. These microscopy .

systems have been used to study asbestos fibers 1in environmental and .

material samples. (Cook et al, 1974; Dement et al, 1975)

Quantitative analysis of asbestos fiber concentrations in -

environmental and tissue samples has been acéomplished by electron

microscopy. Environmental samples (water and air) are generally collected

by first concentrating the sample by filtrarion, centrifuging, ete (Cook et

al, 1974; Nicholson, 1974). The filters (Millipore) and polycarbonate

filters (Nuclepore) are prepared for electron microscopic analysis by

»

various methods. For scanning electron micros$copy, Nuclepore filters,

because of their smooth surface, may be directly coated with an appropriate

metal (gold, etc) and analyzed (Porter and Berggren, 1974). Millipore

filters have a rough surface texture and are not generally suitable for

direct coating for scanning electron microscopy as small Fibers may escape

detection due to impaction below the filter surface (Nicolson, 1974).
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For transmission electron microscopy, the filter substrate must be

removed and the particles mounted on suitable electron microscopy grids. A

wide -~ variety of mounting techniques have been used. The two most commonly
used methods are the Jaffe Wick and condensation washing techniques. The

techniques offer simplicity in addition to maintaining the original

particle size distribution of the sample.  Different investigators have

reported particle losses up to 607 with Millipore filters while using the

whereas losses

with the Jaffe Wick method have been reported to be considerably less

{>107) (Beaman and File, 1975). Lesser particle loss has been observed

with the condensation washing method when longer times for dissolution of

the filter are used. Ortiz and Loom (1974) reported that a modification of

the Jaffe Wick method, whereby the filter is first coated with silicon

monoxide and carbon by vacuum evaporation prior to dissolving the Millipore

filter, minimized particle loss. Several investigators have reported

filters when the f£filter is first

minimal particle loss with Nuclepore

carbon-coated prior to dissolving the filter substrate (Coock et al, 1974;
Maggiore and Rubin, 1973).

In addition to the so-called direct clearing/mounting techuniques

mentioned above, many other techniques have also been .used” for preparing

environmental samples. Seikoff et al (1972) have used a so-called "rub-

out" technique whereby the Millipore filter is ashed in a low temperature

asher to remove organlc or carbonaceous material. The residue is then

dispérsed on a microscope slide using a solution of 12 HNictrocellulose 1in

amyl acetate. Afrer grinding with a watch glass to liberate individual

fibers, the sample is dispersed evenly between two microscope slides to
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form a thin film which is transferred to standard electron microscope

grids. Particle losses averaging 501 have been reported with this

technique. This technique also 1ncreases the apparent number of fibers :

present due €o breaking up of fiber bundles. Asbestos fiber levels 1in -

environmental samples and biologic tissue are usually expressed as asbestos
fibers/unit volume of sample (fibers/m3, fibers/liter, fibers/g dry lung,

etc). These concentrations are determined by counting fibers within

calibrated areas on the electron microscope viewing screen or counting

fibers from photographs. Asbestos fiber concentrations in water samples .,

determined by laboratories using the same mounting techniques have been

reported to vary by a factor of 2-3 (Cook et al, 1974). Much larger

variations have been reported between laboratories wusing different

techniques. :

Asbestos mass (chrysotile) concentrations in envirommental samples

nr

have also been determined using electron microsebpj. This is accomplished

by measuring the length and diameter (volume) of each fiber and calculating -

the mass using the appropriate density (Selikoff et al, 1972). The

accuracy of this technique has not been studied in detail.

Electron microscople techniques represent the "best available"

»

methods for asbestos fiber analysis. However, application of these

techniques to routine samples is not practical because of extremely high

analysis costs ($200-$400/sample), long analysis times, and limited

equipment availabiliry.

(b) X-Ray Diffraction

-

X-ray powder diffractometry 1s one of the standard mineralogic

techniques used in the analysis of solid cr§stalline phases.  X-ray
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-

diffractlon has been widely used for identiffcation and quantitation of

asbestos fibers in bulk materials such as talc (Stanley and Norwood, 1974;

Rohl “and Langer, 1974) and other industrial materials (Crable and Knott,
£1968; Keenan and Lynch 1970).

X-ray diffraction has also been used to study amphibole asbestos

contamination of water samples (Cook et 31,11974). X-ray diffraction is

generally considered more sensitive for asbestos than light microscopy,

although less sensitive than electron microscopy (Rohl and Langer, 1974).

Diffraction 1lines and relative Intensities for each of the asbestos

minerals have been published and may be found 1in the ASTM Powder

Diffraction File. Variations 1in asbestos fiber chemical composition,

especially for the amphiboles, may result 1in slight peak shifts from

reported x-ray diffraction data.
Quantitative determinations of asbestos fiber levels in material

samples {talc, etc) require that particle -size first be reduced to an

. average of 0.1 - 10 ym, Preferred orientation and surface roughness must

also be eliminated.

A number of techniques have been used to minimize preferred

orientation effects fncluding binder and slurry mounting methods, sifting

and backloading of dry powders, and several others. Tb minimize preferred
filtering

orientation, Rohl and Langer (1974) have developed a method for

an aqueous slurry through Millipore fllters using a filtrarion adapter

attached to a hypodermic syringe. Other {investigators have used the

backloading technique with multiple x~ray diffraction scans. i

Using conventional scan rates (0.5 - 1 degree 2 theta/minute), lower

limits of detecrion of ashestos by x-ray diffraction:of 5% 1ia bulk samples
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have been reported (Crable and Knot, 1966). Automated step scanning

procedures by which diagnostic reflections are slowly scanned and

integrated counts recorded have been repérted to.significantly reduce

detectable l;élts. Rohl and Langer (1974) have detected aathophyllite at ?i~
2,02, chrysotile at 06.25%, and tremolite at 0.10% by wieght in a talc .-
matrix using external dilution standards for calibration. Similar lower .
detectable levels have been reported by Stanley and Norwood (1974). -
Application of x-ray diffraction for routine asbestos fiber analysis o
of environmental samples has been limited. Birks et al (1975) have ™
reported a feasible study concerning quantitative analysi; of airborne -
asbestos. Their technique involved alignment of the asbestos fibers in an ;:
electrogstatic field to enhance diffraction ictensity followed by x-ray
counting in a specially designed diffraction apparatus with two x-ray
detectors. A lower limit of detection of 0.4 - 0.5 ug was reported, This ot
technique has not been applied to actual environmental samples. '";%
Amphibole and cumningtonite-grunerite mass concentrations in water &
samples have been semiquantitatively determined usaing x-ray diffraction T
B vith step scanning (Cook et al, 1974). This technique involves filtering
the water through O.éS-ym’Millipore fiflters followed by step scanning a
Bajor amphibole diffraction peak (110) aad- a peak specific to -
cummingtonitegrunerite (310), The integrated peak count above background
13 recorded and masa concentrations are determined using external dilution
standards.
Proper selection of diagnostic reflections to maximtze detection _:-
sensitivity and minimize interference due to other mineral phases 13 o

necessary for proper use of x-ray diffraction. It must also be recognized
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that x-ray diffraction methods are not capable of differentiating between

.

ashestos fibers and their nonfibrous mineralogic polymorphs. This fact,

combined with relatively poor detection levels, suggests that alternate

techniques such as electron microscopy should be combined with x-ray

-

analysis.

(c)  Differential Thermsl Analysis’

Differentf{al thermal analysis hgs been used to determine asbestos

fiber levels 1in talc samples (Schlez, 1974) <Chrysotile (serpentine

minerals) shows a dehydroxylation endotherm at approximately 650 degrees C

and an exotherm at approximately 820 degrees C, assoclated with the

formation of forsterite. These peaks may be used for quantitative

analysis. Using a l40-mg sample holder with an exposed loop differential

thermcouple and a 10 degree C/minute heating rate, Schlez (1974) reported

that a 1% concentration of chrysotile could be detected in pharmaceutical

grade talc. A dynamic helium atmosphere was maintained to sweep out

gaseous mineral decomposition products and to prevent oxidative reactions.

Differential thermal analysis has not been uged for environmental

samples as lower limits of mass detection are extremely poor. Differential

thermal analysis, like x-ray diffraction, is not capable of differentiating

between asbestos fibers and their nonfibrous mineralogic polymorphs.

{d) Optical Microscopy

A number of optical microscopic techniques have been used to identify

and/or quantitate asbestos fibers in environmental samples. These include

petrographic and phase contrast microscopy. Petrographic microscopic

techniques may be wused to identify asbestos flbers  greater than

approximately 0.2 ~ 0.3 im in diameter. Using the polarizing microscope,
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C ol

various optical crystallographic measurements such as refractive index,

extinction angles, and sign of elongation may be measured and compared with

dafa reported for standard asbestos reference samples. Typical optical

data for selected asbestos minerals are shown in Table IV-1 (Julian and

McCrone, 1970). :
Dispersion staining with polarized light has been used to identify

asbestos fibers, as reported by Julian and McCrone (1974). With this L

technique, the fibers are 1mmersed in a mounting medium with a steeper

dispersion curve than the fibers. A central or annular stop 1s used ip the

——

objective 1lens back focal plant to allow either the wavelength of light at

which the index of the particle matches that of the mounting media, or :

complements to that color to reach the observer's eye. Using plane

polarized 1ight, asbestos fibers show two characteristic dispersion

staining colors; one for the light vibration parallel to and the other for

that perpendicular to the fiber length. The dispersion colors depend on

the refractive index wmedia in which the fibers are mounted, as shown in

Table IV-2, Dispersion staining colors may change slightly depending on

the geographic area from which the asbestos was mined and subsequent

treatment. Fibers less than 0.5 mm in diameter may not be i1dentified by

this technique because of difficulties in distinguishing colors. .

Phase contrast optical microscopy 1is the technique specified for

determining the Occupational Safety and Health Adwinistration asbestos

standard (US Department of Labor 1375). The method comnsists of collecting

breathing zone samples during 15-minute to 8-hour periods on membrane

filters (millipore AA). Samples are analyzed by first clearing the -

membrane filter ro make it optically transparent, then by fiber counts at
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400-500X magnification by phase contrast optical microscopy. Ashestos

fibers are defined as those particles with a length greater than 5 m and a

length-to-diameter ratio of 3:1, or greater. This technique, by which only

fibers longer than 5 im are counted, 1s recognized as only an index of
total fiber exposure and does not imply that shorter fibers do not pose a

health hazard. The relative proportion of airborne fibers longer than 5 wm

has been shown by Dement et al (1975} to vary from 1 to approximately 50%

depending on the industrial operation and asbestos fiber type. In addition

to problems of detecting short fibers, phase contrast microscopy may not be

Spécific for asbestos fibers in 1industrial operation where mixed f£iber

Lypes are encountered.

Desplite 1its limitatibns, phase contrast microscopy represents the

only technique available that can reasonably be used for routine asbestos

fiber sampling and analysis. It is adaptable to personal sampling where

low air volumes are sampled and analysis equipment is readily available.

_Minimum detectable fiber concentrations by phase contrast microscopy

depend on a number of factors such as alr volume sampled, microscope field

counting area, number of microscopic fields counted, and presence or

absence of nonfibrous  particles. Theoretical wminimum detectable

concentrations may be calculated assuming one fiber longer thanm 5 tm is
observed per 100 microscopic fields (after filter background subtraction).

Table IV-3 shows theoretical minimum detectable fiber concentrations as a

function of sample period for a typical microscope arrangement. For a 15~

minute sampling period, 0.04 fibers >5 pm/cc may be detected; however, with

an B-hour sample, 0.001 fibers/cc can be detected. These wminimum

Sansone (1974).

concentrations are similar to those reported by Corn and

o
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These authors reported that 0.0l fibers/cc could be detected with a 2-hour -

sample period (40 microscopic fields counted).

-

The above calculations represent theoretical minimum detectable

concentrationgf not considering the many factors affecting precision and .-

accuracy of the technique. There are many sources of variabiliey in the -

laboratory analysis technique. The major sources of variabiliey are as

follows:

1)  Variability of fiber distribution across the filter surface. -
2) Variability of fiber distribution on a glven filter wedge being ;j

analyzed. .
3) _Variability due to differences between microscopes.

4) Variability due to differences between individual counters.

5) Variability in laboratorie%.

Leidel and Busch (1974} found that the fiber distribution on a given

b

e

filter section could best be described by the Poisson-distribution.
However, Conway and Holland (1973) found that the distribution of fibers on
filters was not uniform and were more disperse than predicted by the
Poisson distribution, so that concentrations between sections could vary by
as much as 50~60%. Similar results were found by Kajhahs and Bragg (1975)
in Series I of their study. .

If the Poisson distribution {s taken to adequately describe fiber
distributions on filter sections, the standard deviation of the fiber count
In ordet to maintain

may be estimated from the square root of the count.

an acceptable Coefficient of Variation (CV) (below 202}, a minimum of 25 .

fibers must be counted. For a rypical industrial asbestos sample of 2
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~hours (2 lpm flow), this would correspcnd— to a concentration of 0,13

fibers/ce. B

The precision of the entire sampling and analysis procedure {all

sources of variaﬁility) has been estimated by Leidel et al (1975). These

authors estimated the total CV to be 22%.

Comparisons of Asbestos Mass Concentrations

(qg/m3) and Fiber Number Concentrations (fibers/cc)

In order to relate ambient asbestos levels, which are generally

expressed as ng/m3, to occupational exposures, which are expressed as

fibers >5 ym in length/cc, a conversion factor is needed. Attempts to

formulate such a conversion have generally been unsuccessful because of

exceptionally large variability. This is to be expected as ambilent levels

are generally determined using electron microscopy whereas phase contrast

microscopy is used to measure occupational exposures. In addition,

techniques used to prepare samples for electron microscope observation may
tause alterations in fiber size (diameter and length} distributions.
Lynch and Ayer (1966) presented results of envirommental studfes in

the asbestos textile industry where f£iber concentrations were determined

using phase contrast optical microscopy and fiber size distributions were

determined using electron microscopy. The mass of chrysotile on the filter

was estimated by using atomic absorption spectroscopy to determine the

magnesium content of the sample and asbestos content was calculated,

assuming a 25% magnesium content for chrysotile, These data are summarized

in Table IV-4., Based on the magnesium analysis, the authors concluded that
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%jb
one nanogram of asbestos was roughly equivalent to five fibers greater than -
3 m in length by optical microscopy, although much variability about this )
value was observed. By using fiber size data determined by electron
microscopy.té calculate the mass of a typical fiber, the authors concluded ?;'
that one nanogram of ashestos corresponded to 8 fibers (all lengths) by -

optica. microscopy.

In a subsequent paper, Lynch et al (1970) published resulrs of count
to weight comparisons for other industrial operations wusing the Sample
techniques previously described. These data are summarized in Table IV-5. g
Again, large variations in the relationships were observed, as evidenced by
large geometric standard deviations. Table IV-5 shows that one nanogram of
asbestos may be roughly equivalent to 6.7 - 46.5 fibers >5 tm, depending on
the operation.

Ie their study of asbestos contamination in commercial building,

Nicholson et al (1975a) compared the results of asbestos concentrations
(ng/m3) determined by electron microscopy to fiber concentrations
determined by phase contrasc wicroscopy for tne same Samples, These data

were highly wvariant showing no consistent relationship. Ope nanogram of

asbestos was shown to range from none detected to 6,570 asbestos fibers >5

tm by phase contrast microscopy. By averaging data, it wag calculated that

One nanogram was equivalent to 52 asbestos fibers )5 tm in length,
Alr samples collected in commnities surrounding the Reserve Mining
Company, Silver Bay, Minnesota, have been analyzed by electron microscopy

and  concentrations expressed in ng/m3 by mass calcularion and fibers/m3 by

direct counts (Nicholson, 1973). These results showed one nanogram of

12
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amphibole fibers to be equivalent to 640-108,000 total amphibole fibers by

electron microscopy, with an average value of 30,600 fibers/ng.

A study recently published by Dement et al (1975) provides additional
data for the :conversion of mass concentration to fiber number Ffor

amphiboles. In this study, 22 air samples collected in an underground gold

mine were analyzed by phase contrast optical microscopy and electron
microscopy to determine fiber concentrations. A direct clearing techanique
which preserved the original fiber size distribution was used to prapare

samples for electron microscopy. In addition to fiber counts by electron

microscopy, each fiber was sized (length aad diameter) so that the mass

could be. calculated (assuming a density of 2.5 g/ce). These data are

summarized in Table 1IV-6. From cthese data, approximate relationships

between mass concentrations and fiber count concentrations were calculated.

One nanogram was calculated to be equivalent to approximately 1,200 rtotal

fibers by electron microscopy or 400 fibers )i (m in length by phase

contrast microscopy.
The above studies have not shown a consisctent conversion factor for

fiber mass to fiber count. Bruchman and Rubino (1975) have suggested a

conversion ratio of 20 asbestos fibers >5 um in length, as determined by

optical microscopy, per nanogram of asbestos. Based on the above review,

the validity of such a general conversion may be seriously questioned.

Nonoccupational Exposures - Ambient Levels

Asbestos air pollution 1in urban areas has been studied, Levels of

chrysotile asbestos at various locations in MNew York City, Philadelphia,
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Ridgewood, NJ, and Port Allegany, Pa, have been studied by electron

microscopy (Selikoff et al, 1972). Sample sites were chosen which were

distant from any known significant source of asbestos, Study results

Summarized in:Table IV-7 show concentrations ranging from 11 o 100 ..
- ]

nanograms/cubic meter of air (ng/m3). These authors point out that one

nanogram of asbhestos could represent a ﬁillion chrysotile fibrils,

Ambient sgamples have been collected 1n the cities of Reading and

Rochdale, England, Bochum and Dusseldorf, Germany, Prague and Pilsen,

Czechoslovakia, Johannesburg, South Africa, and Reykjavik, Iceland (Holt

and Young, 1973). Although no effort was made to quantitate levels,

electron microscopy studies revealed the presence of chrysotile asbestos in

most samples.

Results of electron microscopy satudies of mmbient samples in the

United Kingdom are summarized in Table IV-8. Chrysotile concentrations of

1/10 ng/m3 were observed (Richards, 1973). '

Asbestos levels in major US citles during 1969-1970 have been

determined under contract with the US Environmental Protection Agency

(Nicholson, 1971).Samples were collected on three or four different

occasions for each city and analyzed by electren microscopy. Results are

-

summarized in Table IV-9 and show that mean concentrations for the samples

range from 0.7 to 24.3 ng/m3;however, 481 of the cities had average

concentrations 1less than 2.0 ng/m3. The highest mean, 24.3 ng/m3, was

observed in Dayton, Ohio, where numerous plants processing asbestos are

located. The highest concentration of 95 ng/m3 was algo observed in

Dayton.

14
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i

Results of chrysotile measurements within buildings insulated with

asbestos and ambient levels in the vicinity-of these bulldings have been

presénted (Nicholson et al, 1975).° Crysotile concentrations were

determined using;electron mlicroscopy techniques as 1in previous studies

(Selikoff et al, 1972). Ambient levels were found to range from 0 to 46

ng/m3, Using phase contrast optical microscopy, fiber levels (ambient and

indoor) were found to range from 0.000 to 0.027 fibers »5 ymfce, with an

average of 0.006 fibers/cc. Average concentrations within the building

sampled ranged from 2.5 to 200 ng/m3, indicating the'possibility of fiberr

erosion from insulated air plenumms. The same report 1indircates that

asbestos concentrations in excess of 100 ng/m3 may often be found in the

homes of asbestos workers, with the highest measured concentration being

5,000 ng/m3, These authors suggest that exposure in excess of 100 ng/m3

may be associated with an observable risk of asbestos disease.

Nicholson et al (1975a) published data indicating that 35 rooma in 17

office buildings in Boston, New York, Chicago, and San Francisco-Berkeley

~had a mean concentration of asbestos fibers in their airs of 11,600/m3

whereas the intake ailrs for 15 of these buildings (all for which such data

was glven) contained a mean of 6,000 fibers/ms. One room had a

concentration of 102,800 fibers/w?, all the others, having fiber counts

below 60,000/u3. Samples of air from plenums in 11 of these buildings

contained a mean concentration of 5,100 fibers/m3. In an earlier report

(1975b), the same investigators stated that two buildings irn New York in

which no asbestos was known to have been used as a fireproofing or anecholc
material had a mean concentration of asbestos within their circulating airs

conslderably above rhat of the intake alrs for these buildings. These
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findings 1indicate that, although pick-up of asbestos from linings applied
to alr-ducts and plenums may be a factor i? the distribution of these
fibers withip buildings, these 1linings are not a major source of the
asbestos fibe;s found in the air circulating within buildings.

A survey carried out in the United Kingdom (Wagg, quoted by Meyer,

1976) has shown that 827 of 73 butldings examined had airborne

concentrations of asbestes fibers of up to 20,000/m3. Only 42X had

concentrations of asbestos in the range 30,000-80,000 fibers/w3. No higher

concentrations were reported. The higher concentrations.were found in

office buildings, residences, and miscellaneous types of buildings. Reélly
high concentrations of asbestos fn alr (of the order of 1-100 ng/m3) have
been found only within a few hundred meters downwind of asbestos processing

plants (Richards and Badawi, 1971, 1973;5imecek, 1967; Meyer, 1976).

Asbestos fiber levels in communities surrounding the Reserve Mining

Company's milling operations tn Silver Bay, Minnesota, have been reported

by numerous investigators. Recent preliminary air sampling results have

been reported for ten stations located between the Reserve Mining Company

pellution source and several population centers (Fairless, 1974). Samples

were collected each 6th day, beginning on November 6, 1974, (for a l-year

period). These samples were submitted blind’ to one or more of three

laboratories where asbestos fibers concentrations were determined by

electron microscopy. Results of these preliminary analyses are summarized

in Table IV-10. Mean concentrations of amphibole fibers ranged from 2.6 to

8.9 x 103 fibers/m3}. In addition to amphibole fibers, chrysotile

concentrations for individual samples ranged from none detected to 10.4 X

10% fibers/o3. dnalyses of all samples collected have not been completed.

76

tad
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Concentrations of amphibole fibers have also been reported near

specific point emission sources of the ReserveAﬂining Company (Nicholson et

al, 1974). Concentrations as high as 11 x 106 fibers/m3 of air were

reported.

NIOSH has performed two studies of flber concentrations in the air of

public buildings using the phase contrast micrescopy counting technique

(Wallingford et al, 1973; Zumwalde, 1973). Samples were collected over 6-8

hours at 7 ~ 10.5 liters/minute. These data are summarized in Table Iv-11.

Mean concentrations of 0.004 and 0.001 fibers 35 pm were observed, with the

highest single concentration observed being 0.008 fiber >5 um/ce.

In summary, ambient asbestos 1levels as determined by electron

microscopy techniques are generally less than 10 ng/m3 with occasional

peaks as high as 100 ng/m3. Only a few studies of ambient levels have been

performed using phase contrast optical microscopy. These studies indicate

ambient levels to be generally less than 0.0l Ffibers >S5 umfee, with some

peak values as high as 0.03 fibers >5 m/cec.



10.

11.
12,

13.

Document hosted at JDSU PRA
http://www.jdsupra.com/post/documentViewer.aspx?fid=12586fe4-4121-4e80-be86-9dd916d45484

REFERENCES FOR CHAPTER IV

Langer AM, : Mackler AD, Pooley FD (1974): Electron microscopical
investigations of asbestos fibers. Environ Health Pers 9:63-80

Characteristics of the VICC standard reference
Proceedings International
New York, Oxford

Timbrell Vv (1970):
samples of asbestes, in Shapiro H ({ed):
Conference on Pneumoconiosis, Johannesburg.

University Press

Cook  PH, Rubin JB, Maggiore CJ, Nicholson WJ (1974): X-ray
diffraction and electron beam analysis of asbestiform minerals in

Lake Superior waters

Rubin JB, Maggiore CJ (1974): Elemental analysis of asbeséos fibers
by means of electron probe techniques. Environ Health Pers 9:81-84

Ferrell RE, Paulson GG, Walker CW {1974): Evaluation of any SEM-EDS
wethod for identification of chrysotile. Scanning Electron Microse

Part TI: 537-46

Magglore CJ, Rubin IB (1973): Optimization for a SEM x-ray
Spectormeter system for the identification and characterizationm of
ultramicroscope particles, Scanning Electron Microsc Part I: 129-36

Langer AM, Rubin I, Selikoff IJ (1975): Electron microprobe analysis
of asbestos bodies. Histochem Cytochem J 20:735-40

Dement JM, Zumwalde RD, Wallingford XM (19 75): Asbestos Fiber
exposures in a natd tock gold mine. Ann N Y Acad Sci 271:345-52

Nicholson WJ (1974): Analysis of amphibole asbestiform fibers in
municipal water supplies. Environ Health Pers 9:165-72

Berggren RG (1974): Removal and detection of liquid

Porter MC,
Calif,

borned asbestos fibers with nuclepore membrance. Pleasanton,
Nuclepore Corporation, Dec. 24, 1974

Beaman DR, File DM (1975) The quantitative determination of asbestos
fiber concentrations. The Dow Chem!cal Company (unpublished report)

Ortiz LW, Loom BL {1974): Transfer technique for electron microscopy
of membrane filter samples. Am Ind Hyg Assoc J: 423-25

Selikoff 1J, Nicholson WJ, Langer AM (1972): Asbestos air
pollution. Arch Environ Health 25:1-13

PR



a ot

14,

15.

16.

17.

18.

19.

20.

21,

22,

23,

24,

25,

Z6.

27.

Document hosted at JDSU PRA -
http://www.jdsupra.com/post/documentViewer.aspx?fid=12586fe4-4121-4e80-be86-9dd916d45484

Norwood RE (1974): The detection and identification of

Stanley HD,
in Proceedings of the

asbestos and asbestiform minerals in tale,
Burea of Mines Talc Symposium, Washington, D C

Rohl AN, Langer AM (1974): Identification and quantitation of
asbestos in talc. Environ Health Pers 9:95-109

Application of x~ray diffraction

Crable JV, Knott MJ (1968):
samples.

analysis of crocidolite and amosite in bulk or settled dust
Am Ind Hyg J 27:383-85

Quantitative determination of chrysotile

Crable JV, Knott MJ (1966):
Am Ind Hyg J 27: 449-

amosite and crocidolite by x-ray diffraction.
53

Techniques for the detection, identi-

Keenan RG, Lynch JR (1970):
Am Ind Hyg J 31:587-97

fication and analysis of fibers.

Birks LS, Fatemi M, Gilfrich JV, Johnson ET (1975): Quantitative
analysis of afrborned asbestos by x-ray diffraction: Feasibilicy
study AD-A007530, Naval Res Lab, Washington, DC

The detection of chrysotile asbestos at low levels

Schlez JP (1974):
Thermochemica Acta 8:197-

in tale by differential thermal analysis.
203

Identification of asbestos fibers by

Julfan Y, McCrone ‘WC (1970):
Microscope 18:1-10

microscopical dispersion staining.

McCrone WC, Stewart IM (1974): Asbestos. American Laboratory, April
US Dept of Labor, Occupational Safety and Health Administration
(1975): Occupational Safety and Health Standards. Fed Reg 29 CFR

1910.1001, 1975

Corn M, Sansone EC (1974): Derermination of total suspended
particulate matter and airborne fiber concentrations at three fibrous
glass manufacturing faciliries. Environ Res 8:37-52

Leidel NA, Busch KA (1974): An evlauation of phase contrast micro-
scopes for agbestos counting. Presented at the 19724 American
Industrial Hygiene Conference, Miami Beach, Florida, May 18, 1974

Conway RE, Holland WD (1973): Statistical evaluation of the
procedures for counting asbestos fibers on membrane filters. LFE
Corp., Richmond, CA. Prepared for Asbestos Information

Association/North America, New York, 1973

A statistical analysis of asbestes

Rajhans GS, Bragg GM (1975):
Am Ind

fiber counting in the laboratory and industrial envirgnment.
Hyg Assoc I 36:909-15



Document hosted at JDSU PRA

http://www.jdsupra.com/post/documentViewer.aspx?fid=12586fe4-4121-4e80-be86-9dd916d45484

28.  Leidel AL, Bayer SG, Zumwalde RD (1975): SUPHS/NIOSH Membrane Filter
Method for Evaluating Airborne Asbestos Fibers. US Dept Health,

" Education, and Welfare, Public Health Service, Center for Disease
Control, National Institute for Occupational Safety and Health,

November 1975 (in priat)

Measurement of asbestos dust exposure in

23.  Lynch JL, Ayer HE (1966):
Am Ind Hyg Assoc J 27:43-37

the asbestos textile industry.

Johnson DL (19%70): The interrelationships of

30. Lynch JL, Ayer HE,
} Am Ind Hyg Assoc J 31:598~604

selected asbestos exposed indices.

Asbestos Contaminatfon of

31. Nicholson WJ, Rohl AN, Weisman I (.975a):
the Envirommental

the air in public buildings. Final report to
Protection Agency, Contract No, 68-02-1346

32. Nicholson, WJ (1973): Testimony, United States versus Reserve Mining
Company, No. 5-72-Civil-19, Sept. 6, 1973. Exhibit No. 62.

and Burino R (1975): Asbestos--Rationale behind a

33. Bruckman T,
J Air Pollut Control Assoc 25: 12

proposed air quality standard.

34, Holt PF, Young DK (1973): Asbestos fibers in the air of rowns.

Atmos Environ 7:481-83

AL (1973):' Estimation of submicrogram quantities of

35, Richards
Y. Anal Chem 45: 809-11

chrysotile asbestos by electron microscop

36. Nicholson WJ (1971): Measurement of asbestos in ambient air. Final
report to the Envirommental Protection Agency, Contract EPA 70-92

B (1974): Asbestos fiber concentrations in air samples
Lak Superior, Progress
Chicago,

S 37. Fairless
taken from areas near the western arm of
Reporr, US Envirommental Protection Agency Region V,

I1linois.

(1973): U.5. Distriet Court for Minnesota. United

38. Nicholson W
5-72-Civil-19, Sept. 6,

Stares versus Reserve Mining Company. No.
Exhibit No. 62

Dement M (1973): Determination of

39.  Wallingford KM, Bierbaum PJ,
Maryland,

asbestos levels in a public building located in Towson,
EIB, DFSCI, NIOSH

40. Zumwalde, R.D. {(1973): Asbestos survey of Federal Office Building
#7, U.S. Court of Claims and Court of Customs amd Patent Appeals
Building, Washingron, D.C. and George H. Fallon, Office Building,

Baltimore, Maryland EIB, DFSCIL, NIOSH

oy

g
£E

Vi



41,

42,

43,

44,

Document hosted at JDSU PRA -
http://www.jdsupra.com/post/documentViewer.aspx?fid:12586fe4—412l-4eBO—bq86»9dd91§d45484

Nicholson WJ, Rohl AN, Weisman I (1975b): Asbestos Contamination of
Building Air Supply Systems. Paper given at Las Vegas, Nevada, 14-19
September, 1975 .

Meyer PD (1976): Sampling and Detection of Asbestos in Air, Food,
Soil and Water. Paper prepared by RVO TNO for European Economic

Community, 1976

Richards AL, Badami DV (1971): Chrysotile Asbestos in Urban Air.
Nature 243:93-94 -

Simecek J (1967): Measuring Asbestos Dust. Staub - Reinhalt Lufc
27:20-23



Document hosted at JDSU PRA

http://www.jdsupra.com/post/documentViewer.aspx?fid=12586fe4-4121-4e80-be86-9dd916d45484

-
—

. .
TABLE IV-1 -
i TYPICAL OPTICAL DATA FOR ASBESTOS MINERALS -
i
Asbestos Type Crystal Refractive Extinction Sign of
System . Indices Angles Elongatiope
B
Chrysotile monoclinic 1.49-1.57 yAL* = (° L
Anthophyllite orthorhombic 1.60-1.66 yAL = @° +
Amosite monoclinic 1.66-1.70 yAL = [4-21° + -
Crocidolite " 1.69-1.71 yAL = 3-15¢ - :
Tremolite** " 1.60-1.65 yAL = 10-2]0 + e
Actinolite ** " 1.62-1.68 yAL = 10-15¢ + =t
*L = long direction of fibers
** Tremolite and actinolite form a continuous mineralogical series.
Values shown are for end members.
TABLE IV-2

USING PLANE POLARIZED LIGHT

DISPERSION STAINING COLORS FOR ASBESTOS MINERALS

Asbestos Type

Refractive Index

Dispersion Staining Colors

Liquid
Chrysotile 1.560 light blue . magenta
Anthophyllite 1.610 blue-green golden yellow
Amosite 1.670 red magenta "
Crocidolite 1.700 magenta blue magenta

[+3n ]
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TABLE IV-3

THEORETICAL MINTMUM DETECTABLE FIBER CONCENTRATIONS BY PHASE
CONTRAST OPTICAL MICROSCOPY

Sampling ‘Minimum Detectable
Period . Conc. fibers »>5 mmfce
(Minutes)

15 0.04

30 0.02

60 0.01

90 0.007
120 0.005
240 0.003
480 0.001

*Based on a sample flow rate of 2.0l lpm and a microscope counting field
area of 0.0071 mmZ.

TABLE IV-4

ASBESTOS COUNT/WEIGHT RELATIONSHIPS
FOR ASBESTOS TEXTILE PLANTS

Type Count Fibers per
By Phase Contrast Nanogram
Microscopy of Asbestos
Total Fibers Il
>5 im Fibers 5

From Lynch and Ayer (1966)
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. .
&i
TABLE IV-5 |
) ASBESTOS COUNT/WEIGHT RELATIONSHIPS FOR -
VARIOUS INDUSTRIAL OPERATICONS
-~
Type Fiber Geometric Mean Ceometric
Product Count Fibers/ng Standard kil
Deviation .
Textile Total 14.5 2.5
>5 m 6.7 3.3 it
Friction Total 26.3 3.4 ?ﬁ
>5 im 13.9 T 3.6 i
Pipe Total 46.5 2.8 ”
>5 m 22.5 2.9 ol
From Lynch and Ayer (1966) .
TABLE IV-6 “
SUMMARY OF FIBER COUNT/MASS RELATIONSHIPS -
Average Conc. Units of
Analysis Hecuod {range) Measure -
Total Fibers by 4.82 fibers/cc
Electron Microscopy {0.66 - 11.79)
Asbestos Mass by 3,900 ng/m?
Electron Microscopy (540 - 9600) i
Fibers >5 im by 1.51 fibers/cc
Optical Microscopy {0.16 - 2.8)

Approximate Relationshipa:

I ng = 1,200 total fibers by electron
microscopy

400 fibers »5 im in length by
phase contrast microscopy

From Dement 2t al (1975)

"

1 mg

84
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TABLE IV-7

SUMMARY OF AMBIENT ASBESTOS LEVELS IN VARIOUS CITIES

* Sample Site Asbestos Conc.
1072 gm/o3

New York City 25-60
Manhattan 25-28
Bronx 19-22
Queens 18-29
Staten Island 11-21 .

Philadelphia, Pa. 45-100

Ridgewood, N.J. 20

Port Allegany, Pa. 10-30

From Selikoff et al (1972)

TABLE IV-8

SUMMARY OF AMBIENT CHRYSOTILE LEVELS
IN THE UNITED KINGDOM -

Chrysotile Conc.

Sample Site
1009 gm/m3
Rochdale (Factory Grounds) 1-1¢0
Rochdale (Town Center) 710
Lancaahire/Yofkshire 1-10
10

Industrisl Site (0ldbury)

From Richards {1971)

i
T
i
'
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TABLE IV-9

SUMMARY OF AMBIENT ASBESTOS LEVELS
IN 49 CITIES FOR 1969-1970

Cone. Cumulative %
109 gm/m3 of City Mean Conc. ¢
Given Conc. .

12
48
64
72
86
94
* 62

-1
~1.
2

30
\D\O\O

NELN=O
VPP
o wwew

-3
4.
-5.
6

*Highest Mean - 24.3 ng/m’ observed
in Dayton, Ohio
From Nicholson et al (1971)

TABLE IV-10

SUMMARY OF AMPHIBOLE FIBER CONCENTRATIONS
FOR TEN SAMPLE SITES IN THE VICINITY OF RESERVE MINING

Sample Site Amphibole Conc. 107 2fibers/m3
Mean ! Range
Duluth 1.5 0-17
Duluth {(Residence) 2.6 0o- 8
Silver Day (Residence) 11 0-30
Babbit (Residence) 13 0-82 ;
Hoyt Lake 8.5 0-31 !
Hibbing 5.6 0.19 ' .
Ciugquet 6.8 0-30 J t
Pengilly 6.6 0-17 i
Virginia 4.2 _0-12
Mt. Iron 8.9 0-45

Overall Mean = 7.6 X 10°7fibers/m3
From Fairless (1974}
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TABLE IV-11}

SUMMARY OF FIBER CONCENTRATION DETERMINATIONS
IN THE AIR OF PUBLIC BUILDINGS USING PHASE
CONTRAST OPTICAL MICROSCOPY

Fibers »5 im in Length/cc

Building Location :
: Mean and Range

0.004

Baltimore, Maryland
(0.001-0.008)

and Washington, D.C.

0.001

Towson, Maryland
{0.000-0.003)

From Wallingford et al (1973) and Zumwalde (1973)
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: y. BASIS FOR THE RECOMMENDED STANDARD

The first modern approach to the setting of an asbestos standard was

proposed by the British Occupational Hygliene Society {BOHS 1968) in temms
of fiber concentration. In 1968, a'subcommitCee of the Soclety evaluaced

data on 290 men at work in an asbestos factory. These data were provided

by company sources. All the men had been empléyed after January 1933,

following implementation of dust control measures mandated by the Factory

Inspectorate in 1931. Estimatles of the fiber exposure of these workmen

were also provided by the company. Of the 290 individuals, 8 were stated

to have x-ray evidence of asbestos disease and 16 had rales. Noteworthy in

the 1968 data was the preponderance of {ndividuals who had been employed

less than 20 years. Only 118 of the 290 persons’ had worked for lomger than

20 years and 2 acant 13 has been employed for 30 or more years.

Afrer a review of these data, the BOHS proposed a standard which was

adopted with minor modifications by the British government in 1969, and

implemented in May 1970. All fibers between 5 and 100 microns in length

were counted by light microscopy. The standarg tequired no action to be

taken below 2 fibers/cc. Between 2 fibers/cc and 12 fibers/cc, control

measures commensurate with the exposute circumstances {(time and frequency

of worker exposure) were prescribed; above 12 fibers/fcc, full application

of control measures, including respiracory protection, wag mandatory. The

BOHS predicred that the risk of being affected, to the extent of having the

earliest clinical sigos of asbestos exposure (rales), would be less than 17

c

for an accumulated exposuré of 100 fiber-yearsfcc (2 fibers/ce for -
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years, 4 fibers/cc for 25, etc). Data (Lewinsohn, 1972) frem the same

factory which formed the basis for the BOHS standard demonstrate that a

greater prevalence of abnormalities now exist (Table V-1). These data, 1in

addition to demgnétrating a dose-response relationship for radiographically

detected abnormalities consistent with asbestosis, Ffurther showed a 17%

prevalence of abnormal radicgraphic findings (6% consistent with

asbestosis) in individuals employed since 1950.

Weill et al (1975), when considering lung function and irregular

small opacities, reported that there was little evidence of a dose-response

relationship below 100 mppcf-years. They further concluded that a

concentration of 5 fibers/cc could be cautiously considered as "safe'.

Ayer and Berg (1976), however, reported data which suggest that the BOHS

standard, of an average cumulative exposure of 100 fiber-years/ce, for

chrysotile asbestos may prevent significant decreases in pulmonary function

only when combined with periodic spirometry and further reduction of

‘exposure for affected workers. Holmes (1973) has since stated that the

data upon which the BOHS standard was based werea inadequate to set a

standard to prevent asbestosis. The BOHS~recommended standard of 2

fibers/cc was based on data related only to asbestosiq and the Soclety

»

clearly cautioned that, since a quantitative relatioﬁship between asbhestos
exposure and cancer risk was not known, it was not possible at that rime to

specify an air concentration which was known to be free of increased cancer

risk. (BOHS 1968)

Howard et al (1976), in a follow-up examination of the textile

workers previously studied by Doll (1955) and Knox et al (1965, 1968) for

cancer, and by Lewinsohn (1972) for asbestosis, reported a statistically



Document hosted at JDSU PRA
http://www.jdsupra.com/post/documentViewer.aspx?fid=12586fe4-4121-4e80-be86-9dd916d45484

significant increase in the risk of developing lung cancer (1.8 times the

expected) among those first entering scheduled areas from 1933 to 1950. In
the same study, they also reported an excess of deaths due to lung cancer
(1.9 times che:expected) after 15 or more years from initial exposure among

those who started work subsequent to 1950, a period of improved industrial

_englneering control technology and regulation.
In a study of wminers exposed to amphibole fibers (amosite) in the

cummingtonite-grunerite ore series, with airborne cencentrations of 1less

than 2.0 fibers/cc (average concentration, 0.25 fibers/cc) and 94X of the
fibers shorter than 5 im in length, Gillam et al (1976) have demonstrated

threefold increases in the risks of wmortality from both malignant and

nonmalignant respiratory diseases.
Nevhouse (1969, 1973) and Newhouse et al (1972) have shown that the

cancer risk to factory workers following mixed exposure to chrysotile, Lo

amosite, and crocidolite is dose-related. The women reported to have

heavier exposures {as Judged by their occupations) showed a sixfold excess

. of cancer following only 15 years' latency, whereas those with moderate or

low exposures required 25 years' latency to demonstrate an excess. The

rate of mesothelioma increased with both the severity and the length of

exposure. However, even with as little as two years of asbestos exposure,

six mesothellomas occurred among female employees.
McDonald (1973) stated that the risk of developing lung cancer was

200 wppecf-years,

and Enterline et al (1973} showed no direct dose-response for respiratory

essentially confined to persons with a dust index above

cancer below 125 mppcf-years. In a review of these two papers,

Schneiderman (1974) concluded that, instead of belng conmsistent with a
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threshold level at which no cancer riak exists, these data did not provide

evidence for a threshold oxr for a ngafe level of exposure. He pointed out

that in the paper by Enterline et al (1973) there is no dose group for
which the Standardized Mortality Ratio (SMR) is below 100 (100 = normal),

but that the 957 confidence limits on the SMR's included 100 for two of the

_ thrée dose groups below 125 mppcf-years. Ome of the dose groups (25-62.4)

had a statistically significant excess m&rtality from lung cancer, whereas
for the other two this mortality rate was insignificantly elevated above
the expected values. Regarding McDonald'’s paper, Schneiderman stated that

it is hard to determine what is excess since no expected numbers for each

group vere given upon which to base this comparison.

Among amosite workers with employment of 3 months or less, Selikoff

(1976) reported excess cancer risks of 3.87, 1.68, .and 1.65 times those

expected for cancer of the lung, colon and rectum, and all sites,

respectively.

Anderson et al (1976) have reported a significant excess of

radiographic abnormalities of the chest characteristic of asbestos exposure

(pleurzl and/or parenchymal) 25 = 30 years after the onset of household

contamination. These abnormalities were observed in 35% of 326 otherwise

healthy workers who had household contacts with:zmosite asbestos. In

addition, four pleural mesotheliomas were found in this group.



. Document hosted at JDSU PRA
http://www.jdsupra.com/post/documentViewer.aspx?fid=12586fe4-4121-4e80-be86-9dd916d45484

VI. THE RECOMMENDED STANDARD

Avaflable studies provide conclusive evidence that exposure to

asbestos fibers causes cancer and asbestosis in man. Lung cancers and

asbestosis have occurred following exposure to chrysotile, crocidolite,

amosite, and anthophyllire. Mesotheliomas, 1lung and gastrointestinal

cancers have been shown to be excessive in occupationally exposed persons,

while mesotheliomas have developed also in 1ndividuals living in the

neighborhood of asbestos factories and near crocidolite deposits, and in

persons living with asbestos workers. Asbestosis has been identified among

persons living near anthophyllite deposits.

Likewise, all commerclal forms of asbestos are carcinogenic 1in rats,

producing lung carcinomas and mesotheliomas following their inhalation, and

mesotheliomas after intrapleural or ip injection. Mesothellomas and lung

cancers were induced following even 1 day's exposure by inhalation.

The size and shape of the fibers are important factors; fibers less

than 0.5 mm in diameter are most active in producing tumors. Other fibers

of a similar size, including glass fibers, can also produce mesotheliomas

»

following intrapleural or ip injectiom.

There are data that show that the lower the gxpasure, the lower the

risk of developing cancer. Excessive cancer risks have been demonstrated

at all fiber concentrations studied to date. Evaluation of all avallable

human data provides no evidence for a threshold or for a "safe" level of

asbestos exposure.
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In view of the above, the standard should be szt at the lowest level

detectable by available analytical techniques, an approach consistent with
NIOSH's most recent recommendations for other c;rcinogens (ie, arsenic and

vinyl chloride). Such a standard should alse prevent the development of

asbestosis,
Since phase contrast microscopy is the only generally available and

practical analytical technique at the present time, this level 1is defined

as 100,000 fibers >5 wm in length/m3 (0.1 fibers/ce), on an 8~hour—TWA

basis with peak concentrations not exceeding 500,000- fibers >5 m in
length/w3 (0.5 fibers/cc) based on a 15-minute sample period. Sampling and
analytical techniques should be performed as specified by NIOSH publication
USPHS/NIOSH Membrane Filter Method for Evaluating Airborne Asbestos Fibers
- T.R. 84 (1978).

This recommended standard of 100,000 Zibers >5 im 1in length/m3 is
intended to (1) protect against the noncarcinogenic effects of asbestos,

“(2) materlally reduce the risk of ashestos—-induced cancer (ouly a ban can

assure protection against carcinogenic effects of asbestos) and (3) be

measured by techniques that are valid, rteproducible, and available to

industry and official agencies.

However, some difficulties arise in that specific work practices and
innovative engineering control or process changes are needed. But because
of the well-documenred human carcinogenicity from all forms of asbestos,
these difficulties should not be cited as cause for pemmitting continued

EXposure to asbestos at concentrations above 100,000 fiber; >5 um in

lengch/m 3.
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This atapdard was not des{gned for the population-at-large, and any

extrapolation beyond general occupational exposures is not warranted. The

standard was. éesigned only for the processing, manufacturing, and use of

asbestos and asbestos-containing products as  applicable under the

' Occupational Safety and Health Act of 1970.
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TABLE VI-1

B.0O.H.S. ASBESTOS STANDARD
X-RAY FINDINGS IN AN ASBESTOS TEXTILE FACTORY
g DECEMBER 1970 (MALES)

: X~ray Findings
. Years of Exposure No.

Pleural Pulmonary Total

Normal Fibrosis* Fibresis Abnormal**
0-9 613 548 10 0 65(112)
10 - 19 189 122 18 20 - 67(36%)
20 ~ 29 114 51 30 21 63(551)
30 - 39 42 9 17 17 33(782)
40 ~ 43 12 2 6 3 Lo(831)

* Consistent with asbestos exposure
**Including changes not considered due to asbestos exposure

Adapted from reference 2
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