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“THE NEED FOR CONTROLLING ASBESTOS IN THE INDUSTRIAL
ENVIRONMENT AND THE PROBLEM OF STANDARDIZING THIS CONTROL

Asbestos refers to a group of minerals which possess the common
property of being fibrous silicates and form#ng.flexible fibro—crysgals
which are refractory to heat. There are many asbestos minerals but
only six are of commercial ilportinc;: chrysotile, amosite, crocido-
lite, actinolite, anthophyllite, and tremolite. Of these, chrysotile
accounts for 95 percent of the world's production. Industrial use of
asbestos varies because of differences in surface properties, metallic
elemental content, tensile o:reggth. fiber diameters, and flexibility.
It would seem reasonable to agssume that these same differences could
also affect re.pifability,.depoaition in the body, retention, trans-~
location, and biologic rencéivity. In fact, in vitro hemolysis by
chrysotile and the absence of marked hemolytic properties in the other
asbestos types have been demonstrated (Schnitzer, et al, 1970).

Asbestos has been in use for more than 2,000 years. The Romans
mined it in the Italian Alps and the Ural Mountains, and»Pliny wrote
of weaving asbestos in 50 A.D. The term asbestos is probably derived -
from a Greek'adjcctivg mefning unextinguishable or unquenchable
(Brodeur, 1968). The idea of an unextinguishable or unquenchable
flame is related to the use of asbeatos as lahg wicks by the Vestal
Virgina in 70 A.D: (Cooke, 1927). Despite the early observations of
the curious natur; of this nuSctancc. the asbestos mining industry
did not actually b;gin until the late 19th century. However, since

its. inception, the iﬁdustty has grown at an astounding rate, the
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production for 1970 (approximately 5 million tons mined) equalling
that for the period 1879 to 1926 (Panel on Asbestos, 1971). This
industrial boom is a reflection of the fact that an almost unlimited
number of uses have been found for asbestos, ranging from marine
paints and linings for chemical vats to insulation produ;:tc. floor
tile, and textiles (Panel on Asbestos, 1971).

Industriallexpocure to asbestos occurs not only in the open
and deep mining operations agd processing, but also in the application
‘of asbestos produc:a and in the demolition and repair of structuresg
containing asbestos materials.

The first published report of the possible adverse effects of
asbestos appeared ia the "Charing Cross Gazette" in 1900. Dr. Montague
Murray, a British physician, described the case of a 33~year-old man
who had worked in-an asbegtoa carding room for 10 yeatl.ptior to his
death. This man was the sole survivor of 10 men who had started to
work at the same time ;nd examinac}on of his lungs at post mortem

showed "pulmonary fibrosis" and "spicules of asbestos." (Cooke, 1927.)

A preliminary report of a second case appeared in the British Medical

Journal in 1924. The complete report appeared in 1927. This gecond
case vas a §3-ynar-gld female who began wotking in an asbestos factory
at age 13. She was forced to quit at age 31 because of a severe cough
and deteriorating physical condition. Autopsy, following‘detch at

age 33, showed pulmonary fibrosis and the presence of ."curious bodies".
suspected to be iron containing asbestos fibers in the lungs. ‘

(Cooke, 1927, ¥cDonald, 1927.)
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Clinical pulmonary asbestosis was seea by physicians prior to
1927 but autopsies were-not cbtained, and it is presumed that many
asbestosis deaths were attributed to tuberculosis. (Oliver, 1927.)
Exposure to asbestoe is evidenced by the appearance of ferritin
coated fibers in the lungs. These "ferriginous bodies" (also called
asbestos bodies and asbestosis bodies) have been demonstrated in the
lungs of many city dwellers not occupationally related to asbestos.
However, if the dose of £ibers inhaled is overwhelming, severe patho~
logical effects occur in the lungs and the resulting digease is
asbeétosis, one of the most serious of the industrial pneumoconiosis.
(Panel on Asbestos, 1971.)' Asbestosis (also called asbestotic pneumo~-
coniosis) is characterized by X-ray changes consigtent with diffuse
intersticial fibrosis and calcified or non-calcified pleural plaques.
(Panel on Asbestos, 1971:) The individual with asbestosis will suffer
fromshortness of breath and will exhibit physiological characteristics
consistent with s restrictive pulmonary disease. (Panel on Asbestos, 1971.)
1f the association between asbestos and disease stopped with
asbestosis, the situ;tion would have been serious enough. However,
in 1935, Drs, K. M. Lynch:and W. S. Smith of the Medical College of
the State of South Carolins, éepotted the case of a 57 year old man
with a 43 year hintory.of exposure to dust, the last 21 years being
in an asb@stoo faétoryi Post mo;ten examination revealed not only
the "asbestosis bodies" in asssociation with phagocytes, but also the
presence of epidermoid bronchi;l carcinoma. (Lynch and Sauith, 1935).
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Unfortunately, this assoclation has withstood the test of time.
Selikoff.‘ﬂammond, and é;ung conclude that asbestos workers who
smoke have approximately 92 times the risk of dying from broacho~
genic carcinomg as men who neither smoke cigarettes nor work with
asbestos. (Selikoéf. et al, 1968.)

As fate would have it, the association between asbegstos and
fatal disease continued. 1In 1960, Wagner, Sleggs, and Marchand
pubiishgd the complete report of 33 cases of diffugse pleural
mesothelioma=--all but one case had probable cxpoaufc to ctocidolicc{
(Wagner, et al, 1960.) Crocidolite has since also been associated
with mesothelioma of the peritoneum. (Panel on Asbestos, 1971.)
Wagner's groué suggests a possible incubation period of 20 to 40
years. (Wagner, et al, 1960.5 McDonald and his co-workers reported
no great relationship between- chrysotile and m;lignant megothelioma
(McDonald, et al, 1970), and it may be that crocidolite is the ounly
1/

asbestos related to this disease~: (Panel on Asbestos, 1971:)
McEwen, et al believg there is a genuine increase in mesothelioma
in Scotland despite the fagt the diagnosis has become more acceptable
in recent yeiro. (HcEwcn,%cc al, 1970.) Since ounly tvo of McEwen's
80 cases showed cvidcncc of asbestosis the exposure required for this
tumor may be quite small. |

The asoociatién between asbestos and asbestosis was made about

1900, the relationship of asbestos to broanchogenic carcinoma occurred

in 1935, and 1960 may be called the asbestos-mesothelioma year,
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If this continues, then we can expect the announcement of a

rather unfortunate asyestos-related disease im 1975. What could

it be? Some of Selikoff's work has already alluded to increased
carcinoma of the stomach, colon, and rectum in labesc;l workers.
(Selikoff, et al, 1968.) Or perhaps some new elegent will achieve
indu;;tial prominence and asbestos will be the vehicle for trans-
porting it to a site in the lungs or gastrointestinal tract where it
may exert considerable damage. The idea that asbestos itself may not
be the agent of disease but may merely carry the culprit into the
body is not unique. Work has nlrc;dy begun‘in the area of metals
associated with asbestos fibers. (Cralley, et al, 1968.)

This discusaion leads to one important fact--the need for control
of asbestos in the eanvironment. In 1968, Sel%koff's group reported
that 15 of 94 deaths in asbestos workers were due to asbestosis.
(Selikoff, et al, 1968.) Considering that the;e men often worked
outdoors and used mageriall containing oanly 5 to 15 percent asbescosz
one wonders how much our present day standards for comtrol are actually
accomplishing. ﬁith regard to mesothelioma, the possibility of no
safe exposdic nay be the real situation. Another area that must be
considered is chclobviou; differences in the six types of asbestos.
Perhaps each of the . six type; rcquifcu a different set of standards
for control. Do we really know enough about asbestos to intelligently
control it? 1In 19&7. Dr. Clark Cooper posed several questions con-

cerning asbestos. (Cooper, 1967.) Four years later they are still

significant questions: Are all forms of asbestos equally hazardous
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with regard to pneumoconiosis? Are all types of asbestos equally
implicated in the association of asbestos with bronchogenic carcinowma?
Could mixtures of asbestos, especially those containing amosite

be related to mesothelioma? Thus, we will proceed with a discussion

of man's attempt to determine a safe level for asbestos in the
environment. | '

First of all, we yould like to take & look at the various
counting and sampling methods that have been utilized in the determi-
nation of asbestos concentration in the work environment. This is
of signifﬁfanc,impo:Cance because the sampling technique has a direct
bearing on the establishing of a threshold limit value. This point
will be further clarified in the discussion of Great Britain's and
the United States' standards for asbestos exposure.

In the U.S. the impinger method has been adopted as a standard
by those concerned with preveation of asbestosis. In the epidemiologic
studies which correlated dust exposure with asbestos it was found that
the incidence and severity of asbestosis increased witﬁ {increasing dust
exposure, Using the impinger to evaluate effectiveness of environmental
controls, ff-was noted by the 1960's that asbestosis had decreased in’
1ncidhnca[:d:::360's. but was still occurring at a significant rate.

In Great Britain a customary procedure in monitoring asbestos
processing plants has been to count only the fiber content collected
in air samples.. The most common air sampling method at the present

time is membrane filtration. Fiber concentrations determined by these

methods have not been compared to criteris developed in the United States,
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becauge thiﬁ@wfiber-councing methods do not yield results directly
comparable to those obtained by the impinger sampling and counting
method. This section is concerned with the relationship of dust

counts by impinger sampling to fiber counts from wembrane filters.

The ratios are presented as & rough indicacion of the relactionship .
of impinger counts to fiber counts repéttcd from abroad and to give
some indication of the relationship for fiber counts from personal .
samplers taken from the worker using membrane filters. (Ayer, Lynch, 1965.)

Chrysotile, grocidolito, and amosite are widely differeant in ‘
chemical properties and cher; is a distinction geologically and crystal- .
lographically between chrysotile, a serpentine type of sheet silicate,
and crocidolite and amosite, which are chain-structure silicates of
the monoclinic amphibole tyﬁc. However, there is a common factor that
all occur in long crystals which are so fine as to be fibrous in structure.
The individual chrysotile crystal, by electron microscope observations,
1s believed to be from 0.02 to 0.04 microns in diameter. These observ-
ations and also X-ray studies have led to the conclusion that chrysotile
is based on a sheet-like structure and the sheet is folded into a hollow
tubularhform. By‘contract! although less work has been done on crocido-
lite and amosite, they arc.probably based on a chain silicate structure
and are rod-like crystals. (Addingly, 1966-67.) ‘

Counting ‘and sizing under the microscope is a difficult problem.

At one Eim; an atiémpt was made to count everything visible under an
oil—immeraion objective, More receatly, an enﬁitely different basis

has been adopted; specifically, a count being made of particles between

5 to 100 microns in maximum dimension. The main reason was it greatly
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simplifieiaﬁzahnting and minimizes error between different observers.
Secondly,.it was based on rather limited data, that most processes

in asbestos textile factories produced dust which had a similar

size range. More recent measurements have shown this to be not true.

The third reason is that asbestosis is mainly associated with
the break-up of asbestos bodies containing fibers of 10 microns and
upward in the lungs.

The impinger method was developed for the evaluac}on of atmospheres
in silicosis~producing occupations. The impinger is a very efficient
collector of quartz and particles of a similar demsity, 3/4-micron
diameter and larger. The associated counting method uses a micro-
scope with a 10 X objeccive to examine particles which have settled in
a shallow cell (0.1 or l-mm depth) and capable of detecting quartz
particles to this same minimum size. The impinger method is the one
described by PHS Bulletin 217 and subsequently by the American Conference
of Governmental Industrial Hygienists, the American Public Health Assoc-
iation, and the Asbestos Textile Institute. In general, either water
or alcohol may be used as & sampling medium. When the method is
appiied to air sampling iq asbestos textile plants, few asbestos fibers
are seen in the samples, a fact which has undoubtedly been observed by
all those who have used the method. Even when all particles with a
length-:o;wid:h ratio of 3 or greater are counted as f;bern. the fiber
count is usually less than 10 percent of the tatal impinger dust count.
Electron micrographs of samples collected by other methods reveal that
nost airborne asbestos fibers are very small in diameter (hundredths

to tenths of a micron) aven when they are many microns in length.
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Fibers of-¥ich small diameter may not be collected by the impinger;
if collected many of them would not settle to the bottom of the
counting cell in the allotted time, and those that did settle would
usually not be visible by the microscopic technique employed. (Ayer,
Lyach, 1965.)

For the gnvironmental study of the asbestos textile i{industry, it
was desired to have another routine sanpling and counting method for
asbestos fibers. A medium for dust sampling that has come into wide
use in recent‘yelrs {8 the membrane filter. Membrane filters will collect
particulates as small as 0.1 U in diameter with practically 100 betcenc
efficiency. The particles are collected on the surface and the filter
may be examined directly with incident 1light, rendered transparent
and examined by high resolution transmitted light microscopy, or the
particles may be transferred to an electron microscope grid and examined
by electron miscroscopy.

The minimum fiber which is routinely counted is believed to
have a diameter of ome-half u.

A point which sﬁould be mentioned is that any comparisons between
impinger dust counts and fiber conceatrations as determined by some
other method can oaly reflect present conditions. Although the manu-
facturin& précossca and'equipnent used now are esgsentially the same as
those used in the 1930's, the quality of the fiber is said to have
improved grqatly.in the past 10 years--the proportion of the asbestos
received at the textile plant which is "dust" is wmuch smaller than
previously. - This undoubtedly would have some effeact on the ratio of
fibers to nonfibrous particulates, but the degree of effect camnot be

readily determined. (Ayer and Lynch, 1965.) ‘
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C. G. Adding;ey made a comparison between the midget impinger
and the membrane filter, counting only particles or fibers of
5 microns and upwards in maximum dimensions. The membrane gave a
'count of 78 percent higher than the midget impinger. This is in the
same ratio as fof particles 1 micron and over.

In another experiment, a membrane filter was put in the exit
line from a midget impinger and particles 1 micron and above were
counted. It was found that for every 85 particles counted on the
impinger record, 13 particles passed through and were collected on the
membrane filter.

Addingley also found that for fibers greater than 5 microns, it
gives a count as high or highar than any other method. The results
are consistent for particles of 1 micron and upwards. It almost
doubles the counts from impinger methods. (Addingley, 1966-1967.)

The U.S. Publiec Heal;h.s.rvicc collects samples on airborne
mineral dusts by the membrane method. This method is suitable for
experimental studies of most nincral dusts. (Edward, Lynch, 1968.),
and at present it has been adopted by the American Counference o{
Governmental Industrial Hygienists as the recommended technique for
‘counting the asbestos fiber concentration.in the work environment.
(American Conference of Governmental Industrial Hygienists, 1971.)

From the work done by Ayer sud Lymch, and Addingley, they concluded
that the membrane filter is much -more efficient than the impinger.

But to compare earlier work done by the United States and Great Britain,
a telationihip wvas found between th; zembrane filter (counts are 'given
as fibers per cc) and the impinger (counts are given as mmppcf).

10
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At the present time the overall ratio appears to be 1 mppcf by
impinger to 10 fibers per ml, 6 fibers per'ml longer than 5 microns,
or 3 fibers per ml longer than 10 microns when the membrane filter
samples ar? counted with phase contrast illumination on the trans-
parental filter using a 4-mm (43 X) objective.

Size selective sampling using horizontal elutriators ahead of the
sampling device indicated that the major portion of the fibers cojnted
would reach the lung if inspired. (Ayer and Lynch, 1965.)

The following is a brief resume of other sampling devices and their

shortcomings:

Owens Jet Counter: This is of value taking snap samples. 1Its efficiency

falls off with increasing size of particle and also with increasing
amounts of air sampled, since the high air velocity on the second and
subsequent strokes of the pump tends to disturb the sample deposited
during the first or previous strokes.

Konimeter: This also is designed to take snap samples. It suffers from
defects and disadvantages similar to those of the Owens instrument. Records
taken on a glycerine or vaseline coa;ed glass slip cannot, of course, be
ignited to remove smoke particles.

Thermal Precipitator: This a generally approved method in England and
Europe fqr estimation of airborme dusts. It has been used extensively

in asbestos textile factories. Recent results suggest that its efficiency

falls off for long asbestos particles.

1
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Gravimetric Method: Addingley does not favor this method. Roach (1965)

reports favorably. Ayer and Lynch (1965) discuss gravimetric methods
and suggest they provide "poor to fair" iandex of exposure. This method
has a number of limitations. It gives no indication of particle of
fiber size distribution.

Tyndallometric Method: .It operates on a light-scattering principle,

using a very small chamber of 0.002 cc in volume, so that one particle
at a time passing through generates a single pulse in the photoelectric
detector. This cell feeds an amplifier with a pulse height discriminating
and digital counting system.

Comparisons were carried out with membrane filter counts. With the
Royco counter set to count particles of 5 microns and upward, it was
found to give a count 25 paercent lower than the membrane filter.

(Addingley, 1966-67.)

11-A
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At this point,we shall examine the British criteria for their
asbestos standard. The purpose of this approach is more than just a
mere examination of Great Britain's threshold limit value for asbestos.
On the contrary, the United States' work is closely assoctated to
work done in Great Britain. Thus, before taking an in-depth look at
the TLV for asbestos in America, it is important to examine the gtandard
in Great Britain.

British TLV'S: Chrysotile was used in the commercial manufacture of
asbestos products in England in 1880. Asbestos products containing
crocidolite and amosite were fiﬁc produced in 1895 and 1907, respectively.
(Newhouse, 1969.)

In 1929, Merewether.completed a l-year study of 363 workers e;:ployed
in asbestos textile factories. Twenty~five percent of those workers
were suffering from pulmonary fibrosis. He suggested a connection between
the inhalation of asbestos dust and the incidence of asbestosis. The
results of this study initiated legislation in the form of the Asbestos
Industry Regulations of 1931.

The Regulations of 1931 were intended to reduce the asbestos textile
worker's expcsure to asbestos dust in England's factories. Control
measures recommended in the legislation were of a qualitative rather than
a quantitative nat:\.xrc. Attention was focused on making particularly
dusty factory areas less dusty. The regulations applied only to parti-~

cularly dusty areas in the asbestos textilae factory. Employers were

required to provide ventilation in the specified areas and to take
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whatever steps necessary to reduce the concentration of airborne dust,
Machinery that generated heavy dust clouds in its operation had to be
encloseﬁ. Employees wé; worked in dusty areas were to receive periodic
medical examinations. The results of these examinations were recorded
and filed. By making asbestosis a compensable disease, a&ditional
records became available for further gtudy.

As a result of the required medical examination records and claims
for compensation, a means for further assessing the hazard of asbestos
exposure ﬁad been established. The records began to show & drop in
the death rate due to asbestosis. This decrease was primarily due both
to the increasing use of antibiotics and the control measures initiated
by the Asbestos Industry Regulations of 1931. Pulmonary infections were
frequent complications that arose with asbestosis. The use of antibiotics
reduced deaths due to thesq infections. At the same time, the Asbestos
Regulations were providing a considerable amount of protection for the
asbestos worker (Ellison, 1970).

Suggestions that lung cancer might be associated with asbestosis
appeared in England's literature in 1934 (Stumphins and Myer). Lynch
and Smith suggested an association between lung cancer and:asbestosis
in 1935. Mevewether (1949) reported a 13.2 percent incidence of lung
cancer among 235 individuals found to have asbestosis at autopsy. The
data for his study were available primarily through the provisions of the
Asbestos Industry Regulations of 1931. Gloyne (1951) ‘and Doll (1955)
also reported incideaces of lung cancer in individuals vho.had died of

asbestosis that were much ﬁighgr than the incidence of lung cancer in

13
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the ge'ne-:'ai population. These reports were too limited in number and
scope to indicate a de_finite association between lung cancer and
asbestosis, but did cause concern.

Maximum allowable concentrations for a variety of materiale were
published by the Factory Inspectorate of Great Britain in 1960.
Asbestos was included, with a maximum allowable concentration of
5 mppef (187 particles per cc). This value was taken directly from the
Annual List of Threshold Limit Values recomended. by the American
Conference of Governmental Industrial Hygieniécs (ACGIH). It was based
largely on Dreesen's study of 1938. The limitatione of Dreesen's study
in setting a hygienic standard for asbestoeis had already fallen under
severe criticism (Roach, 1970). More than 50 percent of the workers
Dreesen studied were under 30 years of age. Other evidence indicated
that the amount of time these individuals had been exposed was inguffi-
© cient for asbestosis to develop. Of the 105 workers he studied, 82 had
been employed less than S years. Oaly 4 had received wore than 10 years
of exposure to less than S'wppcf of agbeuoo dust. Purthermore, of less
than 600 employees, 150 had been discharged from the factory prior to
the study because they wers suspected of having asbestosis. All of these
limit:.ationo -o’.‘. the Dreesen study a:.xd the suggested link between asbestos
exposure and lung ccnccr'. caused considerable skepticism of the hygiene
standard of 5 mppcf for asbestos. '

To investigate effects on health and establish a more effective
approach to the cu'xtrol of 'qbutoc dust exposure, & subcomittee on

asbastos.was appointed by the British Occupatioal Hygiene Society in 1965.
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This subcommittee was one of the committees subordinate to the newly
formed Hygiene Standards Committee.

me.'aygicno Standards Subcoumittee on Asbestos chose 290 men -
employed in one of England's asbestos textile factories for investigation.
These men worked in an area of the factory in which a prevalence of
chronic bronchitis had been found. Be.caun the Asbestos Industry
Regulations of i9 31 had caused a sharp change both in death rate and
prevalence of asbestosis, those individuals employed before or during
the transition period vere elinﬂ.natéd from the investigationm.

The period of time involved in the investigation extended from
Jammry‘-l. 1933 through June 30, 1966. OQunly men with 10 years or more
service since Januéry 1, 1933,were investigated. The anumber of years
of service each of the 290 men had, ranged from 10 to 34 years.

Although the presence of asbeatosis was determined with a variety
of methods, the members of the subcoumittee considered basal rales to
be the .earliesr. observable indication of the disease. Asbestosis was
obgerved to be m;)st prevalent among those workers exposed to high
concentrations over a long period of time. The workers that were being
investigated had beea expogsed to asbestos dust concentrations up to
nearly .30 fibers/cc. TFaw workers had been exposed more than 30 years.
Fibers greater than SU in length) with a length to breadth ratio of
at least 3 to 1 appeared to be the most hazardous. The subcommittee
reasoned that the iungs night Sc bettar able to rid themselves of smaller
fibers. However, t;bulationc of total exposure wers based on the

assumption that the l‘unzs could not eliminate any inhaled asbaestos.

13
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The mateill could then be assumed to accumulate in the lungs. The
subcommittee decided this assumption, though not correct, would provide a
built-in safety factor "and aleo make calculations more simple. The dust
concentrations were measured with a thermal precipitator and membrane
filter used in conjunction with an electric pump or Draeger hand pump.
Phase contract microscopy was employed for counting collected fibers.
After all the data had been collected and analyzed, a threshold
limit value of 100 fiber years per cc,. not to be exceeded over a working
lifetime, was ncounéxded. By expressing the TLV in terms of fiber
years the subcommittee provided a value that was firm in its limits but
flexible in its application. The TLV could be interpreted as 2 fibers/cc
for a working lifetime of 50 years, &4 fibers/cc for 25 years, and so on.
The product of fibers multiplied by years of exposure,however, remained
at 100 fiber years/ce. The subcommittee estimated that less than 1 percent
of asbestos workers would be affeéted_ by exposure to asbestos if the
recommended lifetime limit was observed. However, they stressed that even
if the limit was observed, some workers might be adversely affected.
A balance had to be found between a reasonable amount of control and a
tolerable number of health problems. A TLV of zero would present no
health hazard, -but would cost too much to maintain. Uatil new evidence
proves otherwise, the recommended TLV is considered to be a reasonable
balance be_t:ween cogts to health and costs of control. Little information
is available concerning the costs of asbestos dust coantrol. ';‘he sub~
committee suggested more information was needed and should be acquired as

soon as possible.

16 )

. CAPCO KIN 0000950




The aE§§¥;ne filter is considered the preferred method for
meaguring asbestos dust concentrations, particularly so in instances
where large amounts of ;cher dust.are present in the air with asbestos.
However, additional methods of measurement were also provided for in the
Regulacion; of 1969. Less complicated and less expensive mathods can
adequately provide measurements of dust concentrations that will pro-
vide a foundation for a sound control program. The subcommittee,
therefore, did not consider equipment to be a deterrent in the estab-
lishment of an-asbestos dust control program.

The data investigated by the subcommittee involved only chrysotile
asbestos dust clouds produced in asbestos textile factories. 1In other
asbestos indugtries, or where other types of asbestos fibers are presgent,
caution must be exercised in applying the standards recoumended by the
subcommittee. Many believe the TLV for crocidolite should be one-tenth

that recommended for shrysotile (Ellison, 1970). The subcommittee

| recognized that crocidolite may be a greater health hazard than chrysotile
but, due to the paucity of pertinent health data concerning crocidolite,
could only recommend that much greater care be taken in estimating risk
where crocidolite isg inﬁolved. The bossible agsociation between asbestos
and lung cancer was also recognized by the subcommittee. Since very little
is knows of this association, the subcommittee could only express their
belief that a reduction in the prevalence of asbestosis should have some
effect on reducing the prevalence of lung cancer among asbestos workers.

The asbestos-cancer association requires further tnlear;h before

threshold limit values can be recommendad that include risks due to cancer.

17
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The 1969 regulations are applicable to any type of industry in
which asbestos ox asbes_tos products are usaed. This .is a much more
comprehensive coverage than was provided in the 1931 regulations.

The euployer‘ is responsible for providing protection to his employees.
Before he can require the employee to wear protective equipment, the
employer must do everything possible in providing ventilation and other
dust control measures. Only when such protection cannot be attained
through plant engineering, can the .employee be asked to wear protective
equipment. The subco_mitteé on asbestos has set higher standards for
protective equipment. Better protective equipment is especially needed
in those industries in which asbestos products are used.

More rigid worker medical examinations were required. Careful
records of occupational history, smoking habits, the presence of nasal
obstructions, gross deformities of the chest, bronchial trouble, hyper-
tension, and rheumatoid arthritis were required for each employee.
Results of the medical examination could be used as a basis for excluding
from employment those individuals considered to be susceptible to the
effects of asbestos expoauré. According to Davies (1970), most asbestos
workers are discouraged from smoking.

The Asbe'stoo Regulations of 1969 were put into effect on May 14,
1970. Provini;anl !;ere made to review the asbestoé problem within 3 years
of the date they were proposed (1969).

The American and British threshold limit values for asbestos differ
in several respects (Roach, 1970). The Bricish TLV makes distinctions
among asbestos types, while the American. TLV nakes. no such distinction.

L T
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The period_of time over which the concentration must not exceed
the TLV. is different for the two countriesa. The American TLV 18 based
on an 8-hour average compared to a ‘3-month average in England. The
difference in the American and British TLV's are primarily due to the
weight given risk, control costs, and other considerations in each
country. All economic, social, and health aspects must be carefully
considered on fhe basis of exsting conditions before a TLV can be
recommended (Ellison, 1970).

The regulations specify that an average of no greater than
2 fibera/cm3 should be maintained over each 3-month period. Since the
Factory Inspectorate of England must check these concentrations period-
ically, attempts are being made to limit the time involved in determining
the average concentration. The 3-month standard is intended to take
into account day-to~day fluctuations in concentration. If shorter time
periods are accepted in determining compliance with the‘regulations, they
will have to allow fo;.- these expected fluctuations. Luxon (1970) has
suggested a standard of 2 fibers/cmd over a 4-hour/;i:od with a ceiling
value (not to be exceeded) of 12 fibers/cc during any l0-minute period.
Hickish and Knight (1970) reported that concentrations of asbestos dust
in brake system servicing operations they examined were not likely to
exceed the 2 fibers/cc average over a 3-month period. However, if those
same Deasurezents were ayeraged over 4-hour time periods, the ceiling
value of 12 fibers/cc for any 10-minute period would be exceeded. In
another report, Hickish and Knight (1970) presented data obtained whea

medsuxements wers averaged over 4S-minute periods. Even though the areas
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in which -4H® measurements were taken were known to have low concen-
trations o:E airborne asbestos, the 2 fibers/cc average was sometimes
exceeded. They suggest that brake servicing operations such as filing
or grinding may greatly exceed the permissible average concentration.

The Asbestos Regulations of 1969 present a comprehensive guideline
for the establ:?nhment of effective control programs. However, many
facets of asbestos health problems require further research. And before
reviewing the yet unsolved problems in establishing a meaningful relevant
TLV for asbestos, a look at the United States' standard has priority.

This particular section of our survey will review the historical
evolution of the TLV standard for asbestos in America. Reasons for
changing from one standard to another will be discussed at length, and
today's standard will be examined in an effort to discern its validity
as a relevant and meaningful threshold limit valua.

Work done by Dreesen, et al, in 1938, on 541 employees of three
different asbestos textile plants recommended a threshold limit value
of 5 mppcf. The three plants in question utilized chrysotile. Dreesen's
recggmendaeion was based on the revealing evidence that only three doubt=
ful cases of pneumoconiosis were discovered in those workers exposed to
dust concentrations under 5 mppef. In comparison, numerous well marked
cases vers.found above 5 mppcf.

This TLV for asbestos was.in effect un;il 1969, upon which time the
value was revised. As late as the early 1960's, data and new evidence
were still sparse as to the biological effects of asbestos in relation
to a dose-res:ponse curve for the worker. As a risnlt:, the standard of

5 mppcf of ‘air for an 8-hour daily exposure over 40 hours per week was
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reaffirmed By -the Ameti;:an Conference of Governmental Industrial
Hygienists .in 1964.

However, in the mid-1960's, a new interest in the asbestos standard
of 1938 was initiated. New studies, such as that by Selikoff in 1962
and 1963, revealed the striking evidence that asbestosis was still very
much & problem for thoee engaged in its manufacture and use. Also, the
increasing inci;ienca of lung cancer and mesotheliomas among asbestos
workers was reported. Examining the work history and health records
of 632 men who were members of the Heat and Frost Insulators and
Asbestos Workers Union of New York on January 1, 1943, Selikoff reported
the following in 1964:

0f those men who had been exposed to asbestos and other insulating
dusts, there were 255 dea‘ths. This figure is 50 more than the expected
number based on comparable U.S. mortality figures. Analysis of causes
of death revealed 12 due to asbestosis, 42 deaths attributed to lung
cancer, and 4 from mesothelioma, a malignant tumor'rarely reported
among the general population. (Selikoff, et al; 1964.)

In an updated examination of the men in this same union, Selikoff
reported that the 632 original membars had the following statistics:

By December 31, 1968, 300 were dead from various causes, including
30 from asbestosis, 72 from dlung cmcer..and 22 from mogheliom.
(Selikoff, et al; 1969,) |

As a result of the increased interest gener;ted from these and

other new atudieo, attention was directed to reexamination of Dreeoen'_a

original standard. In 1965, a conference on the biological effects of
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. asbestos concluded that the 5 mppcf limit was in all probability
inadequaézitzigive complete working lifetime protection against all
forms of asbestos.

The basis of Dreesen's work was re-examiyed and in 1965, E. L. ?chell
published a revealing critique on the thrshold limit values 0f 5 mppef.
The method of counting the particles was criticized. ‘Thin was done |
by an impinger which collected both fibrous and nonfibrous particles.

This can be expected to give only an indirect measure of the risk of
asbestos, because of the great importance of long fibers.

The study done by Dreesen was limited to the disease, asbestosis,
and no considera:iop wag given to other diseases which aight also be
the result of long~term exposure to asbestos.

Limiting the study to textile plpnca was unfortunate because by the
1960's, asbestos was utilized in other industries as well. These other
industries might use different grades, sizes, and varieties of asbestos.
Schell also pointed out that textile work utilizes cleaner fibers and
more flexible fibers in their processes.

Dreesen's study was limited eatirely to the American textile industry.
Therefore, comclusions to be drawn from other textile plants, such as in
Britain and other countries was not done. These valuable comparisons
could have been utilized in order to arrive at a reasonably safe TVL for
asbestos.

The particles were counted with an ordinary microscope and calibrated
to count dust particles, using the light-field technique. Types of
parciclas.were not separated (e.g, stone dust or cotton dust) and small
particles beyond the resolving power of the optical microscope were not
coumnted. '
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Procegig_g_ within the textile plant are difficult to separate.
One job could be significantly dustier than other operations. It has
beeq ?ointed out that counts may vary according to the speed of the machine,
grades of material used, nature of weaving requirements, whether it be
wet or dry weaving and,finally, the count can even vary with the end
product.

Dreesen's work did not take into account the nature of the dust.
Gross appearance of the dust differed depending on the plant. Two of
the plants were large and two were small. Two converted crude asbestos
into yarn and woven goods, while the other two purchased yarn and ended
with finished goods. All of these variances were -not corrected but rather
lumped together. Depending on the occupation the dusts varied. Differ-
ences were also found in the propoition of fibers to particulate mtfer
in the dust. Today, chrysotile is supplied cleaner and the perceant of
particles and fibers in the dust are different than in the 1937 's and 40's.
A 5 mppef count today could be altogether different from that in 1938,

It should be gppreciated and understood that a 5 mppcf count includes
background dust such as cotton and rock dust besides asbestos fibers.
The proportions of these ingredients can vary which introduces a very
important factor into the credibility of setting the 5 mppcf value as
a TLV. Also related to Dreesen's: work we find that the dust counts were
given as an average. However, the range was vast and biological evidence
today suggelca'that; peak exposure may be more important than constant
overall background exposure,since on these occasions the defense mechanism
| of the lungs may be overwhelmed with huge retention at these particular
times. One example here should suffice .,!:9_ make this point quite clear.
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Picker men.were exposed to 34.3 to 74.3 mppcf. But during certain
phases of their operations this could go as high as 211 uppef.

An extremely revealing point which was brought out earlier in our
paper, concermns the length of employment of the men whom Dressen
studied. Of the 511 employees, 333 had worked for lesé than 5 years,
73 out of the 511 had worked for less than 1 year and, most importantly,
only 66 of the 511 had worked for more than 10 years. Thus, the
credibility of the 5 mppef as a TLV for asbestos is unavoidably
questioned when one considers that asbestosis usually has a lateant period
of 20-25 years before the onset of the disease.

In conclusion, this was a"point-in-time" study and many of the
11l were missing as well as the dead being uncounted. Therefore, they
were not considered in the overall evaluatica of setting the 5 mppef limic.
(Schell, 1965.) |

Another factor influencing the need for taking a new look at Fhe
asbestos standard was the development of a mathod by the British Asbestos
Research Council for collecting and counting asbestos fibers and their
observation that this was a much better index of exposure to asbestos
than total particulate count. (Galley, 1969.) The method was termed
the membrane filter technique which has been discussed earlier.

As a result of this "reawakening" in the 1960's, the threshold limit
value commxittee, in 1968, reviewaed th; background of the asbestos thresh=~
0ld limdt velue of 3.0 wppef aloag with tpc data that had emerged since

the study of Dreesen and decided that the asbestos valua should be revised.
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Thé Tommittee report was approved by the conference and the
new threshold limit value was established to be a time-weighted
average. Fiber count limit of 12f/ce greater tham 5 u.in length
or 2 mppcf. This value was believad to be safe for workers exposed

o asbestos for a period of 30 years. (Cralley, 1969.)

’However._chis was not to be accepted as a permaneant TVL for
asbestos since the current data were still believed to be too meager
and the judgments too- subjective. It is also relevant to point out
that the committee although suggesting a 12f/cc limit did not |
completely abolish the old standard of 5 mppcf. Because they felt
that there was not enough medical evidence to fully negate the old
standard, it remained as a ceiling value,below which all conceantrations
gshould fluctuate, and the 2 ﬁppcf was set as a time-weighted average.

During this transitional stage, it was deemed advisable to keep
exposure under the 5 mppef by utilizing the previously mentioned time-
weighted average of 2 mppcf. Under these criteria, 5 percent of
exposure is permitted to exceed the 5 mppcf. The impinger is used as
the sampling instrument under these circumstances. (Cralley, 1969.)

Judgment factors are involved ia choosing whether the fiber count
is to be used in assessing exposures where asbestos is encountered.
Where asbestos is a significant component, the fiber limit is the one
recommended. Even where asbestos is only a minor component or exists
in trace amounts, if no other highly biologically reactive material is
present, fiber count is recommended. Otherwise, applying the particulate
count limit may lead to the use of levels more rcstticttvc ;han necessary.

(Cralley, 1969.)
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Due.jo-the appearance of new evidence im 1970, the TLV was

reviewed and once again it was decided to revise the standard.

Health experience in asbestos plants indicated that the 5 mppcf

limit was not sufficiently low to protect workers exposed for

30 years. This was supported by Balzer and Cooper who reviewed
asbestosis occurring among insulation workers where asbestos exposures
were deemed highly unlikely to have exceeded a time-weighted average
of 5 mppef. (Documentation of Threshold Limit Values; ACGIH, 1970.)

A study by Williams and his associates compiled data from two
Pennsylvania asbestos textile plants going as far back as 1930. Even
though exposures were below 5 mppef,and in many cases below 2 mppcf,

64 cases of asbestosis were reported from the two plants. (Documentation
of Threshold Limit Values; ACGIH, 1970.)

In view of these data it was decided that particles counted
by the impinger procedure often include extraneous materials, and a
limit of even 1 mppcf might be unrealistic in processes where dust
other than asbestos was present, even in relatively low concentrations.
Therefore, a limit of 5 fibers/cc, longer than 5 microns, as determined
by collection on membrane filters and coupted using phase=contrast
illumination at 430 X magnification was recommended. (Documeantation

of Tprcshold Limit Values; ACGIH, 1970.)

L]
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SUMMARY

The Threshold Limit Value standards in America have paralled
standards used by the Uni;ed Kingdom. Each searched for a'meaning—
ful set of criteria by which to control the emigsions of asbestos
dust from mining, manufacturing, and commercial areas where fime
fibrous particles might invade the gascrointestinal or pulmonary
complexes of mankind. Asbestos requires.a Threshold Limit Value
as a guldeline for quantitative exposure concentrations to protect
the workers and passersby alike from inhaling excessive disease
contributing fibers.

Table I below gives the 1938 to 1971-standards and the cogguted
reduction of fibers inhaled by imnocent bystanders and others living
in the community. (Joint American Industrial Hygieme Association;
ACGIH, 1963.)

TABLE I

TLV Standards for Asbestos Dust

Date Country Fibers Inhaled; Mppef Fibers/cc Years (< 1 Z risk)
1938-69  U.S. 176.5 x 106 5.0 . 178.0 0.0 *k

1969 U.S. 70.6 x 108 2.0 12,0 100  #*#x

1971 U.S. - 29.9 x 105 0.84 5.0 22,5  wkw

1970 Britain 11.75 x 106 0.33 2.0 50.0

*Zero work rate Kg-M/Min.
% Impinger monitoring method

*%% Membrane filter monitoring method
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Dutfﬁgmhhe 31 years from Dreesen's evaluation to 1969, numerous
studies have been made regsulting in a wealth of statistical informa-
tion and'che promulgation of precaution. (Documentation of Threshold
Limit Values; ACGIH, 1971; Brodeur, 1968; Schall, 1965.) Gradually,
industries processing asbegtos rock, modified operations to reduce
in-plant levels of asbestos dust. One company's attempt to so
conform (which unfortunately cannot be named) has resulted in its
consideration to discontinue operations. This could cause econcmic
turmoii in the community. Others appear to be diligently abating
in-plant pollution to more nearly acceptable levels. ‘

Insufficient ambient data of background levels of high population
centers gives cause to wonder why the hue and cry for standards that
appear to do so little for the worker or others subjected to asbestos
inhalation. A reduction of the inhalatiom rate from 176.5 million
to 29.9 million fibers per 8 hours or evea to 11.75 million does not,
on the surface, portend much relief unless asbestos is not the culprit
it is made out to be. Does a tolerance level exist in homo sapiens?
How serious to human consumption is asbestos? If asbestos is a serious
culprit, as the papers by Dr. Irving J. Selikoff and his co-workers
_suggest, why should such disdainful appreciation for the dedicated
ahbeqton workers and his neighbors be allowed to continue? Many
statements have heen made by equally dedicated workers in their attempt
to stem the tide of apathy that industry higstorically seeks to stalk.
The inhumerébic :oxiéolozicll evaluations indictcing-cxtremely long

incubation periods during ﬁhich a wyriad of particles, gases, fumes,
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pesticidesy-etc., have been respirated, gives cause to wounder about
the part asbestos plays. Some people die or limger im ill health,
while others seem to-enjoy long productive health lives. The
existence of people with a high degree of susceptibility, the
unexplainable synergistic capability of various pollution parameters,
or some other mystery, excites the scientifically or humanistically
minded to exﬁend exhaustive efforts to seek the solution.

How fortunate we are to have the compiled data from anumerous
individuals in many localities that give information om the asbestos
environments, wherein a variety of work loads are performed. Those work
loads whicﬁ exceed the zero work load represented by the above figures,
subject individuals to a much greater volume of inhaled asbestos, by
multiples of up to eight times the example cited. This would give a
maximum asbestos f£iber inhalation of 1660 Kg~M/M work rate of from
1412 x 106 at 5 mppef level to 94 x 105 at the British level of .33 mppcf. '

Is the control of asbestos fibers so difficult and costly? Would
10 fibers per 8-hour day be safer? The thinking men in the industry have
devised many abatement methods. Greater effort must be expended in
this direction in order to assure the asbestos worker of greater freedom
from the horrible fate which confronts too many of them. It is in this
direction that ﬁniona, industries, and individuals of the medical,
epidcniologichl,.:oxicologictl, engineering, and physiological areas
of interest must aggressively head. This must be done at a much faster
pace to produce a realistic, meaningful standard for the benefit of
the asbestos workers and other relsted industrial yorkcrs. Fibrosis,

pleural thickening or caleification, cytological and histological

29 ,
. . " CAPCO KIN 0000963




featurea -peritoneal areas, epithelium-like and mesechymal tumor
cells, ferriginous bodies of one type or another do not belong in
the pulmonary or gastrointestinal regions of man. It matters not
whether asbestos }s the cause or the co-factor, the results may be
disastrous to the individual whose body is the host.

Now that the problem of controlling asbestos inhalation has
been elucidaﬁed; we as a group deeniic Qotthwhile to draw some
conclusions and consequently, some guidelines in alleviating the problem.

First of all, it is extremely difficult at this time to reduce
the risk of asbestogis completely. The reason can be simply stated:
Our knowledge and undgrntanding of the doge~response relationship of
asbestos in man is minimal. As & result, this barrier in itself °
presents a problem that needs an answer before we can hopefully
"establish a meaningful threshold limit value for asbestos.

Our contention is that more effort be placed in the area of
solving the petho-physiological mechanism of asbestosis. Although
a TLV of 5 £/cc could be the answer, it does not seem ethical to
merely sit back and wait until 1980 or 1985'£or data to come in as
to the validity or not of today's standard. Oun the contrary, research
should be initiated to elucidate the causal mechanism of this particular
fibrosis. To this end, éoxicology. epidemiology, and other health
oriented Aisciplinn must make a'upificd effort to reveal the answers
which will in tura solve the probiea of how to eliminate asbestosis

from the worker's enviroument. . ‘ '
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Secomdly, although the membrane filter is a considerable
improvement over the impinger, we should not be satisfied. It is
extremely time consuming and inconvenient because of the steps
involved in sctually arriving at a sample couat. A TLV is meaningless
unless adhered to. It is our opinion that an instrument needs to be |
constructed which saves time and offo;t. As a result, fiber counts
could be made more frequently and the standard followed more closely.
It is only justifiable to negate a standard after closely quantitating
the doge-response from it. To insure this, we need to institute
means of minimizing deviations from the standard.

Lastly, and possibly of most importance, we need to educate the
worker. If asbestos is deadly, the worker must know it is deadly.

He should be made aware of the mortality statistics of his occupation
and encouraged to have annual check-ups. One example at this time
should further prove the need for such a program. Having visited the
Asbestos Local No. 24 here in Pittsburgh, we were enlightened to the
sobering fact that oniy once have the men been encouraged to have a

- chest X-ray in the 65-year history of their union. And health records
of the men are virtually nonexistent. Wa are talking in terms of

273 meabers of this union. Ié would appesr to be & worthwhile endeavor
to encourage these men and their union to initiate an awareness program

-

as to the occupational hazards of asbestos.
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