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PREFACE
Indws trial experience has proved the need for criteria and standards to
protect the hezlth of workers exposed to an ever-increasing number of potential

hazards at their wo rk place.

In order to provide relevant data {rom which valid eriteria and

effective standards could be deduced, the_ I}ure'xu o{ Occupational Safety and

—— i S———— — S O & .

Health has projected a formal system of rescarch mt‘h priorities determined

—— - mme MY S e T T T

on the basis of specified indices.

-— W --~,--

1t is intended to present successive reports as studies are completed
and standards are suificiently erystallized so a; to be feasible. The {irst
rcporl, which follows, concerns asbestos. Other reporis will follow as the
research and evalualion progresses. These standards are not considered
definitive and will be reviewed in the light of additional’data as research con-
tinués to keep protection of} the worker's health as effective as the state 91’
our technc;log"réquircs.

1 am pleascd to acknowledge the contribulions made by members of

my staff, who developed this project, and the valuable constructive comments

made by the "Ad Hoc Review Committee.” A list of these contributors and

reviewers appears on page {i.

Marcus M. Key, M.D,
Director, Bureau of Occupational
Safety and Health
Environmental Control Administration
Consumer Protection and
Environmental Health Service i
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. INTRODUCTION

This report presents the criteria and recommended interim standard
which were prepared to mect the necd {for protecting the health of workers
exposed to asbestos as dclineated in "Position Paper on Asbestos' forwarded

to the Surgeon General of the Public Health Service.

In addition, available relevant data is made available for use by the Sccretary,

Department of Hoalth ?ducatxon and Welare. ir the cvent that the

e —m— - ¢

Occupationa] Safety and Ilealth Act of 1969 is cnacted by Congress. Among

other provisions, the Act requires the development of criteria by “The

Secretary, Department of Health, Education, and Welfare...on the basis of

such research, demonstrations, and experiments and any other information

available to him..."

Thc Bureau of Occupational S*«feq 'md Health, after a review of all

P L N

LAY

data and consultations with others. formalized a system for the development

S —— ———

of criteria upon which standards can be established to protect the health of

s e g St & % .

approximately 80 million workers from exposure to hazardous chemical and

- ——— - - . o ca aSm——

- —

physical agents, Priorities {n this system are based on five indices:

. s TNt e toxicity
(1)1 the number of workers potentially exposed; (2) the relative/ndex of a
particular substance or physical agent; (3) the incidence of {llnesses (or
death); (4) the quantity of the substance produced and used in the United

. States; and (5)'th/eincreasc or decrease in the quantity used over a period of

ey
AU |

Mash years.,

00GS.£0



The judgments of-over 30 mdustr:al hygienists from the statcs and

- N - o S e St S G- Y- '

pnvatc mdustr; were consxdercd in establishing a tentative priority list

. oo W - - — e - v eem en o e

for over 90 chemical and two physical agents. Although an intcrim standard

- .
- T e

oy
.- - e . cmcae —— . -

for coal dust was recommended to the Surgeon General in December 1965 as
a result of work that the Bureau had already completed, the information
contained in this report on asbestos is the first formal presentation of

results from thc use of the system.

=

(]
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RECOMMENDED INTERIM STANDARD

The U. S. Public Health Service recommends that occupational

exposure to asbestos dust be controlled so that no person shall be exposed
,/- !
to a greater level than 12 hbc’x‘-';/f;cr._nlil'hhtor based 9r_1-a._c_nu_nt__‘of fibers

— V
grc'llcr than 5/u in leng(h as dctcrmmcd h\ the rccommcndcd mcthod

e et e e e et e ¢ o s s “eeace o

na—— wm & s wr (-

which {s dc_s_;_r_i}:g_ci.i-rlih_iifepon.
The interim standard recommended is based on recent unpublished
epidemiological investigations by the U. S. Public Health Service and the
. 1865 American Conference of Govermmental Industrial Hygicnists Threshold

Limit Value, 1t will be subjcet to review and will be revised as necessary.

1t is believed that adherence to this intcrim. standard will reduce to

an insignificant risk the occurrence of ashestosis. even among workers who

may be exposed to asbestos dust for as long as 30 years.

00C8<¢2
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REVIEW OF PROBLILM
Asbestos is a generic term that applies to a number of mineral
silicates incombustible in air ar;d separable into filaments. The rr;ost
widely used in industry in tl'ne United States is chrysolile (33MgO 2Si03
2H,0), a fibreus form of serpentine.  Other types include amosite
(3NgO 11FeO 165i03 211,0); erocidolite (Na,0 3FcO Fep03 85i02 H,0);
tremolite /Ca Mgg (SiOz)4 _7: and anthophyllite /(MgFe); Sig Op4(0l), _7.
Since chrysotile accounts for about 93 percent of the asbestos used in
the United States, ? the information on the relationship between asbestos
dust exposure and its effects on workers is centered on the deleterious
effects to workers from inhalation of chrysotile ashestos. and this “dose-
response” relationship is one of the criteria used in setting a hygienic
standard for asbestos.

Uses of Asbestos

Almost one million tons per year of asbestos are used in the
United States. Approximately 66 percent of the asbestos s wsed in
cement products (building materials); 2 percent is used in manufacture of
asbestos textiles; friction materials such as brake linings and clutch facings
consume 4 percent; asbestos paper, 7 percent; floor tile. 10 percent;
paints, roof coating, and caulks, 3 percent;.plastics, 1 percent; and

miscellaneous uses account for 7 percent. 1

CG08 24
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Exposurc to Ashestes .

The domestic mining and milling of asbestos is a limited industry
employing fewer than a thousand workers. Heavy dust exposures to

workers in this industry, particularly to those milling the ashestos, have

been obscived.

Heavy exposures to asbestos dust also occur at uncontrolled or

S q——

asbestos-containing products. Inthe use of asbestos, potentially high dust

- .-

exposures occur in the mixing process in which asbestos is combined with

- s & et
Py S 1

other materials (cecment, asphalt, vinyl, etc.).

There are approximately 40, 000 insulation workers who are exposed

———— A S ——— . — " . — — S—— ¢ &

to asbestos dust. These workers also cause sccondary exposures to an

E IR YO

estimated three to fivc million other construction workers involved in the 4

L e sme
-——-- =,

construction of commercial and industrial buildings. These same Insula-

- "tion workers also create secondary exposures in shipbuilding, where up to
60,000 worbrs_ may havg f"f??‘_‘df“')f exposurcs. 2 The dust exposure of
workers in the construction (three to five million workers) and shipbuilding
(250,000 workers) industries i{s extremely variable. Because of this variation

and the small numbers of asbestos workers at any one location, asbestos dust

& G S r—— * et el T

chm 4 P o o e— e . ma -

——

exposures to these workers have never been satisfactorily estimated.

- | 000845



An es‘amatod 50,000 w orkers are involv ed in the manu.facturc of

v e . —— s —— e — - . 1 it N T,

asbestos-containing products. This figure does not include secondary manu-
facture of products which contain asbestos as electrical or thermal
insulation, or products which include previously manufactured componcnts

- containing asbestos. 2

Early Indications of Hazard

As a result of the increasing use of asbestos mincerals, there has
been an undercurrent of concern over their role as factors in human disease.
Vhen asbestos dust is inhaled in excessive amounts, a lung discase termed

asbestosis may develop.3 This disease entity will be discussed in the

;, - .medical section of this document. The first record of a case of asbestosis

was made by Montzguc \1urra;, in 1900.3 The first complelc description of

Tt e ¢ . @ Sme o o—

the disease and of thc."cun'ous bodies' scen in lung tissue and sputum
appeared in 1827 when éookc‘ and McDonald® reported two cases of
asbestosis and listed their reasons for believing that ashestos bodies
o.rig'inatc from asbestos fibers that reached the lungs. Publication of their
papers aroused general interest {n the subject and additional reports
appeared soon afterward. Hoffman® was the first American to call atten-
tion to the magnitude qf the asbestosis proble;n. In 1918 he reported that 13

S — -

Geaths from asbestosis had occurred among asbestos tcxtile workers, and

about the same time Pancoast, Mmer, and Landis7 reported on 17 cases of




asbestesis. Mill's publ.icatiqns was the first pathological report on
asbestosie published in the United States, and in that same year, 1930,
Lynch and Smith? reportcd on asbestosis bodies found in the sputum of the
asbestos workers.

In Merewether's abstract review, 10 emphasis is placed on the rela-

tion of asbestoris to worldng conditions. The clinical aspects of this diseasc

arc well documented. Gloyne's discussion of the pathology of asbestosisl?
is particularly helpful. Middleton's Milroy lectures on pneumoconiosis!2
contzin a seclion of asbestosis. Egbertl3 in his summary of the literature
reports on 28 fatal cascs of asbestosis stated: “Active pulimonary tuber-

culosis was present in 6 instances of the total 2R cases; the fatal outcome

~ was primarily the result of tuberculosis in 3 instanees.™ The Annals of the

New York A cademy of Sciences presents a very excellent and lengthy docu-

mentation on the "Biological Effects of Asbestos. 1

Development of Standards

The industrial experience associating exposure to asbestos with the
development of & potentially disabling pneumoconiosis in man has amply

demonstrated the need for & st2ndard to limit allowable exposures to

-

asbestos dust.

The first standard recommended was & threshold limit of 5 mppef
i

for asbestos dust recommended by Dreesen et al.3 in 1935 after they had

Grtast P el e s b Ter s
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studied 541 employees in four asbestos textile plants where messive exposures

occurred. They found numerous well-marked cases of pneumoconiosis 2t con-

s ssis fos e v e ee et M G e® SOue o s as v e T ewmm . f 8 meeeme cmaams

ccntntxons of dust above 5 millions of particles per cubic foot of air (mppef),
but only three doubtful cases at concents‘a.tnor;s undex; 5 mppcf.

- Belicving that the 5 mppef limit recomrr;c.nded by Drecsen et 2. was
inadequate to give complete working-life termn protection 5gainst all forms of
asbestos, the Committee on Hygienic Standards pf the Brmsh Occupaboml
Bygiene Society reviewed medical evidence from the United Kingdom ;nd

cpidcmiological datz from thc ﬁnited Stzlcs Pubh’c Health Scrvicc. In 1968

they stated crzteria for limiting exposure to chr) sonlc asbestos and

e . . — e w w . - I on com w

’&‘\""‘) » Tecommended the following:14
¥ g \ : . C e e .
' Concentration Averagea over
Dust Category 3 Months (Fibers/em3)
Negligible - 0- 0.4 : ,
Low 0.5- 1.9
Medium 2.0-10.0
High over 10.0
N

)(Note: 10 fibers/ml is equivalent to slightly less than 2 mppef.)

Prior to establishing an esbestos standard based on American

experience and applicable to American industry, researchers evaluated the

health experience in asbestos plants. frhey found that the 5 mppef limit was

not sufficlently low to protect the workers who were exposed for 30 years.

et ——————— - * - e——— - - —a—— @ e o
- Rl T T L 2 s

- - Balzer and Cooperls reportcd asbestosis tmong insulzbon workers exposed

——— . A" iy st O— &

§ ... %t levels not exceeding the txme-weighted xverage of 5 mppef.

.« e - o st trmmme ...
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i ! As a result of its own recent epiderbiolo;;ical investigations considered
with the work of others, the U. S. Public Health Service recommends an
interim standafd for asbestos of 12 fibers per milliliter g'reater than 5 microns

in length. The membrance filter method of measuremcent used is that in which

S et e seue awma. -

only fibers greater than 5 microns in length are counted. The British define
g “{fibrec™ as a particle longer than S/u and having a r;uio of length to breadth
‘greater than 3:1.39 It is believed that this limit will reduce to an insignificant
. risk the occurrence of asbestos discasc among workers eventhose who may be
exposcd to asbestos dust for as long as 30 years. However, the following

must be emphasized:

1. One limit for "all types™ does not reflect the differences in biologic

activity of the different types of asbestos;

“ 2. The interim standard does not recognize differing biologic activities of

different forrns.of each type of asbestos;

3. The limit does not take into consideration differences in trace metal

content that may result in display of genetic differences in susceptibility;

and
\ R4

~{ 4. The interim standard gives no assurance that it will protect against <

—

en o 8. - b g

- ——————
\——..—--—c—.—n Lammads -

malignancies.

Bt 4 G . o o - =
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MEDICAL ASPECTS.OF ASBESTOS

Asbestosis i{s a diffuse, pulmonary disease in which ﬁbros.ié is the
dominant reaction to the prolonged retention in the lung of asbestos fibers
and/or dust. 18 1t 15 now widely accepted that asbestos dust inhaled in suf-
ficient quarntity as occurs in thosc occupationally 'exposed. in the absence of
dust control, may be carcinogenic to the human 1.ux~gg.19 In rats the inhala-
tion of chrysotilc‘h.a's beer? associatgd vMQ a 35' percent prc':va.lcnceupf__lung

canggr.zo “The question of the significance of the relationship of asbestos

——— 4 g $ S o © 8 T @ W S BRI B SO WAr e e

to lung or other cancer in the occupational neighborhood is unsettled at

-
- PR

. present.

,:S Asbestos {s not 28 systemic poison. h;o minimum lethal dose has
e been established and no distinct blood or urine derivatives have been found.
The principal pulmonary lesions caused by asbestos are dcs_cribcd/
as regi onal ateleétasis; interstitial, mucosal, and focal {ibrosis; and
bronchiolar fibrosis. This diffuse non-nodular fibrosis involves the primary
framework of alveolar wall, interlobular septa, and visceral pleura with a
consequeﬁt alveolar-capillary block.16 }c:ither distortion, distention, or
stenosis of the bronchi with a fine diffuse emphysema along withthe fibrosis

are additional factors causing respiratory disability.

The perivascular fibrosis observed in most 9_5£§_g_qp}§pggg_s to the

o e .

" ee - development of cor pulmonale or right heart faflure. Usually the disease

b ey ' M e remce ——b s
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process is disperscd throughout the Jung , but is more acccntuated

sub-pleurally and at the bases of the lungs where the amphtude of the

P N oo mmano

breathmg movcments is g'rcatcst Many alveolae may contain asbestos
fibers surrounded by a protein capsule giving an indication of exposure,
but not necessarily a diagnosis of asbestosis. Asbestos {ibers may con-

centrate around lesions such as fnactive tubercular lesions or bronchiectic

areas.

. The progressive alveolar capxlla.ry block initially results ina

- ____‘_..-.._ e S e g e SR B e e SO S e

slightly decreased vital c:apaczt) but a normal lu.ng_x oh_:.mc at rest. Thcrc

st e - we
— —— . — - ——
T . ——— - i G st s 0 © ®

is fairly nonnal rn:xxim:xl brcathing capacity with normal distribution qf

R R i -

imspired gascs hyperventilation first on exercise and later at rest and

nghtly reduccd oxy gen S'Lturauon of artcrml blood at rcst There is a

pro"'ressxve redx.cuon of arterial oxygen saturation on exercisc as well as a

e b T R A mow Lo T i, e,

e 8 R e e et v wa W ee e S ey fhpgwe W Gwe WG MPEMES o

dec1 ease in oxygcn dsffusmn capacxty The arterial ~oxygen samratxon may

/

stay mthin nermal Umits until Jate in the discase process. or it may pre-

cede rachologacal manﬂcstanons The gaseous diffusjon across the

e A W P M B WS WS oo . e o

P R

alveolar-capillary membrane may occasionally be only slightly tbncrmal

m emm s wm e -

s

Breathlessness associated with 2 cough occurs relatively early and

becomes progressively worse. The symptoms begin insidiously with dysp-

" nea of the exertional type and crackling rales later followed by exercise

cyanosis and dyspnea. Symptoms of airway obstruction are often absent.

0068351
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Clubbing is present {n advanced cascs. Severely impaired ventilation and

reduced pulmonary capacity are often found in the advanced diseasé. The
late complications of asbestosis fnclude acute and chronic right heart fail-
ure and progressive cardio-respiratory failure, both of which are the most
{frequent terminal sequilae. In contrast to other pncumoconiosis, ashestosis
is relatively infrequently complicated by bronchitis, bronchopncumonia, or
pnewnonia,

X-rays, when positive, show a ground glass appearance and

——— v s e - c—

B . occasjonzally the finest stxpplmg A honey-combing effect in the lungs with

—-

) plcu.ral p.aqucs and pleuml thickening are also present. The cardiac
silliouette may be blurred. Concurrent exposures to other dusts may give a

G coarse pattein.

£
e
)

Othor discases definitely related to occupational exposure to asbestos

include:? g

(1) Bronchogenic Carcinoma - A cancer originating in the bronchi

e o e -

of the lung.

(2) Mesothehorna - A cancer originating in the lining of the pleural
and perit.oneal cavities.

(3) Asbestos Wart - A berdgn‘ fibrotic nodule in the skin résulting from

implantation of asbestos spicules.
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The cpidemiolegical cvidence, or th~ .ncidence and prevalence of

-j-'?) " these disc:xses. in the American worker is not known.

It was not apprccmted that exposure to asbestos dust could produce

s e e e - - . . cm cem @ Lt s e mmem e A R T T

mesotheliomas, as wcll as gasirointestinal canccr's, until Selikoff studied
a cohort of 632‘asbcsto; -workcrs in the insulation trade. His repo.rt ﬁmly
estzbli”shc‘d that work i;x this asbcs;tos industry is associatcc} with excessive
inddeﬁce of asbestosis, lung eancer, pleural and peritoneal mesothelioma,
ar;d'pos:sible gastrointestinal cancc.r (li/z‘stom.ach and 1/2 colon).l7 Inan

asbestos workers union in the New York area with 632 members in 1942,

.. wm. . s e s e e e

. there were 349 deaths by thc end of 1905 onl) 2.:1 were to be expccted
according to mortality paticrns representative of the gcncral population.17

_ The excess was atiributed to ashestosis and lu.ng cancer. Lunf' cancer

g :} _‘;'-" Bem x
o xccountcd for one dcath in five, seven txmes the expected rate. No deaths

e eay e -~ ey % Plafrny o

from mesothelioma were cxpectcd; yet twenty were obscrved. The incidence
A 1’\ ./
of gastrointestinal cancer was three times the expected. '

. - -
e o e+ e . e v 4 o dn @ Sbms 4§ ¢ A S AL SR s

"’"Smokcrs who work in the asbestos insulation trade face over 92 times

the risk of lung cancer as compared with non-smokers in other lnc}ustrh;-.s-.‘i7

-~ —— —

—— g . —— - t— —
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T . EPIDEMIOLOGY -

Two major cpidemiological surveys have been perfermed relating
asbestos dust levels with asbestosis. The 1938 United States Public Health
Scrvice survey by W. C. Dreesenct al.3 observed that "c];an-cut" cases of
asbestosis were found only in dust concentrations exceceding 5 mppef. Only
{fivc persons were exposed over 10 yecars to ashestos dust concentrations
{from 0 to 4.9 mppef. The longest exposure was lo.ycars to any concentra-
tion. None of the 39 persons exposed to dust concentrations below 2.5 mppef
) had a case of asbestosis. Only six persons had becen employed more than five

. yecars. Three doubtful cases of asbestosis fell in the range 2.5 to 4.9 mppcf.
This study was conducted when dust concentrations were high and before

industry initiated control methods. Few of the workers studied were exposed

for l.ong periods of time to low levels of asbestos dust, 3 which is the environ-

mental condition most prevalent today.

d

The British Occupationz] Hygiene Soclety's study "Hygiene Stand:\rds

. G M S Gr—— - - & G—— -

o ——

for Chrysotile Asbestos"14 related airborne fiber levels with incidence of

-—
.- P X atad

- m. w e -

asbestosis, Accordmg to this report, approx:matcl) one percent (no more

e — c—

fh m— -

than three percent) of the workers would exhibit early clinical signs of

P ot D

asbcstosis at an accumu]ated cxposure of approx:imntcl) 100 fiber years per

..~---~-—~--—— ————— e o -

} " cubic centimeter. This pnrametcr relates concentraﬁon of fibers with the

e htam S n e BEan M VG LewS T 0SB At e g, .

i - - duration of exposure. 'I‘he ﬁgure of 100 ﬁber years per cubic centimeter

P e e . pA SR um e S e

5 - -
“&w

R
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could represent an average exposure of two fibars per cubic centimeter for

s - m— . s —— o So— S G e A A 6 e,

~. o -

50 years, or four {ibcrs per cubic centimeter for 25 years, or 10 fibers per

L G— —— e . WS E—— e - e T e ereem w T e v e .
. . -~
-_——— -

cubic centimeter for 10 years.
— — .

A third study was initjiated in 1364 by the United States Public Health
Service and is scheduled for completion in 1872, This study wﬁl relate the
quantitics of asbestos dust breathed by the workers to the harmful health
effects attribuied to asbestos; most particularly c:mccx;. Other environmen-
ta] factors such as worker smolking habits will be cvaluated.

The primary purposes of this study were to dcternine the dust Jevels

at which asbastosis occurs and the level at which no excess cancer occurs.,

- Trace metals, as well as the carcinogenic oils in asbestos dust, may be im-

portant in the mechanism of causation of cancer and nsbestosis and are

included in this invcstjgnﬁon.
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3 . .  MCTHODOLOGY

AIR SAMPLING MILTHODS

The original epidemiolozy of asbestos by Drecsen ct al.3 used miﬁget

impingcr count data as an cstxmatc of dust exposure. All of the dust particles

-
—— ¢ T ——

s f—— - o -

scen, both grains and fibers, were counted since too few fibers were seen to

give an accurate measurement. The resulting count concentration was a
.

measurc of ov emll dust levels rat‘ner th:m a spccmc measurement of the

- P N X N et e o 90 B S e g
S, - e =

asbestos concentration. This method was satisfactory at that time since ex-

O R A A

posures were massive and the control measures installed to reduce overall

dust levels also reduced the asbestos dust Jevels.
As dust levels were reduced, it became necessary to measure the

b\;’f& [ biologically appropriatc attribute of the dust cloud. At cqual levels of overall

dustincss the conccntrat)on of asbcstos could vary considerably from tcxtilc

manufacture (75-85% asbcstos) to insulation (5-15% asbestos). Furthermore,

-—. . =

7/

if the limit werc lowered below the 5 mppef used previously and dust counts
taken by the impinger technigue, it would be necessary to consider the effect
of background dust, which could be as high 25 1 mppef.
A number of methods for measurement of asbestos dust concentrations
bave becn used in the United States Pudblic Health Service epidemiological
' :t.udy of the asbestos product industry.zl'zz' 23,24 pased on the data the

L . '.'f"-'preferrcd index of asbestos exposure is the concentration of fibers longer

COCRTe
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"Lh'": 5/1 coar\ted on membranc ﬁltcrs at 430)\ with phase contrast

P m—— —ar P P mem e am——— o s aee

-~ - v .

mumm..txon 25 20 This mcthod has been adopted as the standard ﬁcld sampl-

o ——— — L
4/

» w—

. me i me w— . W - PP

in;; method by the United States Public Health Service.

Based on measurcments in the asbestos textile industq .

- " .

concentration of 6 fibers/m1l longer than .a/u is approﬁmatcl) eqmv:xlent to
————

I this relationship is used, the intended change {n the Threshold

] mppcf.

L

Limit Values (TLV) adopted by the Amcerican Confcmncc of Governmental

s e @ -— e~
- v . — e s e s S e =

Industrial Hygienists (ACGIH) of 2 mppe{ based on the imping_c;' ‘n-ae.t_hods is
equ{v‘z:.le'ntl t.c‘:.‘l_z t_’i}-ae.r‘s/‘ml longer than 5/1. 21 Although the British have re-
{rained {rom standardizing on 2 single method of rﬁeasurcmcnt. most recent
measurements have been performed by a method essentially identical to the
fiber count methad described {n detail below, and the British interim
standards for chrysotile asbestos dust are stated in these terms.

- \R’)le_n,g}.po;qfqg_g;g_xpg_asure_c_!.in industries other than asbestos

textiles, the asbestos {iber concentration is generally lower than

12 {ibers/ml when the impinger concentration {5 at 2 mppef. Since the

ACGIH TLV is concerned with asbesios exposure, {t should be considered

-~ Ay P e mrm -
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excecdcd onJ) when he ﬁbcr concentration is over 12 fibers/ml &s the dust

B e g e S e AL E O G - W . b S on

being counted in the impinger may includc cement, resin, and other non-

T A TR M. B ame e fa et e A wmemem -
.

asbestos materials.,
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’A) : Collectinz Sample .

The recommended atmospheric sampling procedure is the method

described by Edwards and Lynch. 25
Breathing zonc samples for count are collected on Millipore type
AA {ilters in personal samplers operated by battery powered pumps and
worn by the employees. ‘r]?e filters are contained in plastic filter holders
and are supported on thick pads which 21so aid in controlling the distribu-
tion of 2ir through the filter.
] Several methods of admitting air to the filter have been attempted.
T With the face cap removed and the {ilter completely exposed, the air may
_enter the {ilter evenly, but large high vellocity particles and foreign objects

ma1y also hit the filter and possibly cause damage.

" Asan alternative, the face cap may be left in place and the small
plug removed. The pas'sage of air through this 4 mm opening at a flow n.te
of 2.1 liters/min produces & velocity of 265 cm/sec. which yields an impac-
tion parameter of 0.081 fora l-micron‘gp) unit density sphere. Although
this impaction parameter would predict a very low collection efficiency of
1}.\ particles by impaction, some larger particles would also tend to be im-
pacted on the center of the filter. This was fgund not to nffect count

distribution, which {s dominated by small particles; however, it does result

00G8I8s
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i;x obscuring a small portion of the filter, pﬁrﬁcmﬂy if many large pardcles
are prescnt, as in friction product plants. |
The third alternative was to drill 6 additional 4-mm holes {n some
face caps and to {it these perforated caps to the filter holder during sampling.
This reduced the velocity to 38 em/sec, thus climinating the impaction prob-
lem while still protecting the filter from damage.

Mountint Sample

The mounting medium used in this method is prepared by dissolving
0.1 g of membrane filter per ml of 1:1 solution of dimethyl phthalate and
diethyl o>al_a.te. The exact proportions of the three components are not
critical, but the medium must have as high a viscosity as possible without
being difficult .to handle. The index of refraction of 11;10 m;:dium thus pre-
pared is Np = 1,47:

'1:0 prepare a ;sample for microscopic examination, a drop of the

mounting medium is placed on a {reshly cleaned standard (25 mm x 75 mm)

- microscopic slide, using 2 dropper or applicator. The volume of the drop

fs approximately 0.05 ml. A wedge-shaped piece about 1 em X 2 em is ex-
cised from the filter witha scalpel and forceps and placed dust side up on

the drop of mounting solution. A No. J-1/2 coverslip, carcfully cleaned

~ with lens tissue, is placed over the filter wedge. Slight pressure on the

coverslip achieves contact between it and the mounting medium.
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Clearing of the {ilter with this method is slow, requiring about 15
minutes. The samplé may be cxamined as soon as the mount is transparent. .
The transition of the dﬁst-supporting substrate from the translucent
solid, membrane filter, cellulose ester material to a transparent, optically
homogeneous gel is very gentle. and at no time docs a mc;rﬁscus sweep
across the dust deposit. Rather, the substratc slowly softens bencath the
dust. &nd there is no opportunity for the washing away or redistribution of
the dust.
The optical homogeneity of the resulting mount is nearly perfect,

with only & slight background granularity under phase contrast. which

"disappears within one or two days.

Stabjlity
Obscervers noted a reduction with time in apparent concentration for

samples mountéd with only cﬁmcthyl phthalate and dicthyl oxalate. Observa-

Id

tion indicated that this loss was due to the migration of the dust particles

"~ outward from the center through the gelatinous material of the fixed mount.

with & decrease in concentration in that area. The causc of this migration
was not determined, but may be related to a disordering or distortion of the
membrane filter polymer caused by partial solution.

To determine the magnitude of this loss, a group of samples was

mounted using 1:1 dimethy] phthalate xnd.diethyl oxalite only, and counted at

00C8s0



ST LY e

A e e e

22
oneﬂ- to three-day intervals for peﬁods rangmé up to 76 days. Coux;ts were
displayed as {ractions in percent of the original, or first day counts. At
the cnd of one week, samples mounted by this method yielded only 75 per- -
-.cent of their original values. By 30 days after mounting, the counts using
this method had declined to 40 percent of their first cday value, and continucd
at this level with no further decline until counting was terminated 76 days
after mounting.

A group of samples mounted as described in the section Mounting
Sample using high-viscosity mounting mediwn were counted at one-day
intervals for }1 days. No loss of concentration was apparent over
this short period and a second group was .similarly'mountcd and counted for
a period of 46 days. No loss of concentration was dctc&t.ibl‘.: during the
first 30 'd:xys, but the c?unt declined to 85 percent of its original value by
the 46th day, when the scries was terminated.

A 6-mm square of membrane filter with a vacuum-deposited 51m of
carbon was mounted in the manner described to provide &8 macroscopic
observation of the distortion of the {ilter areas. After a few days, the square
began to disintegrate at the edges, but the major portion showed no discon-
tinuity during the initial 30 day period. By the end of 62 days, most of the
square had disintegrated and the fragments mig'z;ated over an area

- 16 mm x 17 mm.
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Evaluntion

The {ilter samples mounted in the man:;er previously described are
evaluated in terms of grain and fiber concentration, and fiber size.
Binocular research ﬁicroscopcs equipped with fixed mechanical stages have
been used. Phase contrast optics fitted to these instruments !nciudc an

Abbe condenser with rotating phasc turret and 2 4-mm "high-dry’* achromatic

.objective used for all membrane filter deferminations. Inall cases 10X

Huygens cycpieces, onc of which conlained a Porton reticle at the level of
the field-limiting diaphragnm, were used. The Jeft half of the Porton reticle
ficld scrved to define the counting area of field.

A ribbon {ilament illuminator was crilica]ly‘ndjustod to provide

Kohler jllumination through a clear blue filter.

Twenty ficlds.located &t random on the sample were counted and total
grains, total fibers, fibers greater than S)x, and fibcrs greater than lo/u

were recorded. Any particle having an aspect ratio of three or greater was

'considered a fiber.



ANAIYTICAL METHODS |

Modern analytical methods and instrumentation used in the identification
and characterization of asbestos minerals include x-ray diffraction, atomic
absorption spe'ctrophotomctry. cmission speetroscopy, clectron microscopy,
electron microprobe, thermoanalysis plus the necessary sample preparation
procedures, 28

Internal Standard Technique for Chrysotile

Chrysotile may be determined by the x-ray diffiaction and internal

standard technique. 29

Sample Preparation. The substances te be analyzed may be

classified as. sctiled dust samples or as bulk samples of process materials.

Scttled dust samples anmalyzed for nonfibrous mincrnl's'by x;-ra)' diffraction

are usdally passed ‘throu;;h a 325-mesh sieve in the preparatory procedure.

Fibrous structures, s;xch as asbestos, do not have the acrodynamic pro;;cr-

ties associated with approximately spherical airborne particles; hence the
_preparation of asbestos-containing settled dusts consists only in 2 preliminary

screening of gross particles followed by grinding to less than 3.5 microns.

This is accomplished by dry grinding in & mixer mill for te'n minutesg,

Bulk samples may be obtained from the materials used in an industrial
pr‘ocess. Analumina-ceramic vial and mixer mill are used in preparing
this type of sample for analysis. A representative portion of the bulk sam-

ple {s pulverized in the mixer mill, as described for scttled dusts,
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Procecdure. The ground dust or bulk sample is {irst scanned with the

diffractometer to establish a qualitative diffraction pattern. This preliminary
analysis will verify tic prescuce or absence of chrysotilec and will dcmonsimtc
the presence of possible inter{cring substances, which are discussed jn a sub-
" sequent secti;.m. Chrysoﬂc is confirmed as present by comparison of the

sample's gqualitative pattern with that of the pure mineral. If the patiern is
found, a rough estimation of the percentage of chiysotile is then made.

A mixturce of the dried sample and the aquamarine, each weighed
scparately, is prepared. The combined weights should be approximately
1 g. The percentage of aquamarine in the mixture shoulkl! be approxdmately
thc'cstimated percentage of chrysotile in the sample. The mixture s then

o wetted with {sopropanol and ground in 2 mechanically driven boron carbide

SR .
mortar for 15 minutes. After this final grinding the mixture is dried at

110°C and packed in the sample holder of the diffractometer for analysis.
The ratio of the area under the aguamarine 3. 28-A peak to the area

uﬁder the chrysotile 3.63-A peak §s computed from the digital print-out

record. Background corrections are applied to detecrmine the net area of

a given peak. The average background count, calculated from the values

provided over 2 fixed interval extending on each side of the diffraction peak,

s uscd to calculate the total integrated bad:ground correction under the

- ©  .diffraction peak,

’ 000564
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- With the standard curve taken as a reference, the ratio of the weight
of aquamarine to the weight of chrysatile is determined. The percentage of
chrysotile is computed from the ratio of aquamarine to chiysotile, the weight
of the dust sample, and the weight of the added aquamarine as folluws:
(A x 100)/(S x R) = & Chrysaotile
\Where:
‘A = weight of agunmarine
S = weight of sample
R = ratio of aquamarine to chrysotile (by weight) as read from

the calibration curve

Standardization. A Brazilian aquamarine is usced as the internal

st.and:\rd. The clearcst portion of this mineral is sclected for milling. aml
the ground material which passes through 2 325-mesh sieve serves as the
source of the internnl standard. The sieved {ractivun of the aguamarine was
sized by eleciron microscopy; 99% of its particles measured 3.0 microns or
less. The ground chrysotile used in the preparation of the standird samples
was also sized by electron microscopy; 99% of its fiber lengths measured
2.5 microns or less.

The standard curve is obtained by application of the procedurc to a
scries o_f mixtures of aguamarinc and chrysotile. This series fncludes
weight ratios of aquamarine to chrysotile of 0,5:1, 1:1. 2:1, 3:1, 4:1, and
5:1. Each mixture. in approximately 1-g samples, {s mixed in the mill and

finally ground in a mortar, as described under Procedurc. The ratios of
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/ the intensitics of the aquamarine 3. 26-A peak to the chrysatile 3.63-A peak
(both corrected for background) are plotied against the weight ratios to obtain
the standard curve. Each plotied ratio is the average of three to five replicate
packings and scannings of each mixture of sample and internnl standard.

External Standard Technique for Chrvsoatile

Chrysotile may also be determined by an x-ray diffraction and external
technique., 30

Procedure. The substances to be analyzed may be classificd as
scttled dust, bulk samples of process materials, or airborne dust samples.
The preparation of asbesios-containing settled dusts consists of a preliminary
screening of gross particles followed by grinding to fil;or lengths of less than
3.5 microns. This is accomplished by dry-grinding in a mixcr mill for ten
minutes. .

. _ ’,

Bulk samples may be derived from the starting materials,
intcrmediates or finished products encountered in industrial proccsses. A
represcntative portion of 2 bulk sample is pulverized in the mixer mill as

described for settled dusts.

The technique of mounting representative portions of dust samples on
 a molecular membrane filter has been described by Talvitie and Brewer. 3!
For this purpose. a known weight of the finely comminuted sample §s sus-

N . pended {n 250 ml of water in an MCA volumetric flask. Proper dlstril?ution

of the material in water is insured by use of a wetting agent. Then the
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sample, which may includs agglomcmtiﬁns. is dispersed with the'aid of a small
ultrasonic bath. An aliquot of the thoroughly agitated suspension, 'c-ontain.ing
a knownamount of the samplc. is filtered using a molecular membrane filter.
This method provides a sample of known weight on the filter. This technique
has proved to be applicable to dust samples containing ashestos fibers whose
sizes are of the magnitude described in this paper.

In-plant samples of airhorne asbestos collected on memnbrane filters
are analyzed without size reduction. From fiber size measurements made at
this facility, the range and the mean values have been determined to be of the
same c;rdcr of magnitude as those of the asbc;tos. standards used to calibrate
the method.

In-plant samples of airborne asbestos fibers collected on membrane
filters may not be uniformly distributed on the filters. As a uniform dispri-
bution of the fibcr; is required for this procedure, an cven distribution of
the collected {ibers is obtained by removing the sample from its original
filter and redepositing it on a second filter. This is accomplished by placing
the origin..'n filter sample in a test tube containing 2 fow drops of a suitable
wetting agent and sufficient water to cover the filter. The test tube is then
immersed in an ultrasonic bath for five minutes to remove the ‘dust deposit
from the filter. The original filter is then removed from the test tube and the
suspended dust {s redcposited on a second filter using the tcchniqﬁc described

above. This is also a convenient point to aliquot heavy dust samples.

00C8E7
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The membrane filter.with the aliquot of dust adhering to its surface is
mounted in the x-ray diffractometer. A qualitative scan, usually at 19/min, .
is run on the sample to establish the prescnee or absence of asbestos min-
crals and of possible interfcrences.

The area under the major diffraction peak of each asbestos mineral
present in the dust sample is determined in order to calculate the weight of
that particular form of asbestos. 1If the major diffraction peak is affected by
that of another mineral present in the dust. then the second most intense peak
of tlc asbestos mineral is used for a quantitative determination. While

determining the area of a peak, the diffractometer is operated at a low

.. scanning speed (0. 20/min) and a slit combination of 1° beam slit, medium

Soller slit, and 0.29 detector slit. The area under the peak is computed
{from tbc-digital printout record. Background corrections are applied to _
determine the net arca of a given peak. The average background count cal-
culated from a fixed {ntcrval extending on each side of the diffraction peak
is used to calculate the total integrated background correction under the

diffraction peak.
The net area of a given peak, computed from the printout data, is
referred to & standard curve relating peak area, expressecd in counts, to

the weight of the appropriate asbestos mineral, expressed in milligrams.

- The latier quantity {s the amount of the mineral represcnted in the aliquot

portion of the analyzed sample.
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annlyses performed for tlie standardization of the method involved two to
three determinations per filter.

. These
absolute deviations, represented as milligrams of a specifie mineral, were
uniform over most of the usable range of the method. The relative standard
deviations were as follows: 1.R to 57 for 1 to 10 mg of chrysotile, 2 to 5%
for 1 to 8§ mg of crocidolite, and 2to 5.57 for 1 to 6§ mp of amosite. On the
basis of these datr. the working ranges of the quantitative method are 1 to
10 mig of chrysotile and 1 to S mg of crocidolite or amasite #f the deviations
are to be held within the indieated limits.

Infrared Spectroscopy

Infrared spectroscopy involves mixing a dust{ sample with potassium
bromide to make a pellet whiéh is inscrted into the IR spectrometer to obtain/
a speetrum of the sample components. From this spectrum one can identify
the major dust components,

Method '(Qu:liiativd. A 0.3-mg dust sample (ground so that greater

than S0% of the particles are less than 5 microns {n dixmeter) is mulled {or

5 minutes with 300 mg infrared quality potassium bromide until thoroughly

mixed. This minture {s presscd in a 13-mm dic {or five minutes at 25 tons

pressure after an initial ive minutes of evacuation, A clecar pellet about

NNnecCaQ
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0.78 to 0.83 mm will result. This pellet is then placed in the instrument and

scanncd from 6 to 30 microns. From the resulting spectrum one can identify

the asbestos constituents, 32

Method (Quantitative). Although this method has not been used for the

quantitative determination of asbestas components, experiments have shown

that 10 micrograms of quartz can be detected on = 3x scale expansion. In

a 10 mz somple this j2 0,17 sensitivity. Only under certrin conditions could
ashestoas minerals be quantified.

Differential Thermal Analveis of Chrysotile

The implication of chrysotile as a causative agent in ceriain types
of pncumoconiosis has resulied in the appeamn.cc of numerous methods of
analysis (both qunniiml-i\'v and qualitative) for chn-eu\:ii(-. One of thesc
mcthods §s differential thermal analysis (DTA). ,

The rel;ti(-cly- simple DTA experiment measures tcmperatur‘e
difference between a samiple and an inert reference material as both are
bheated or cooled at a uniform rate. By indicating the ghin or loss of heat
from a system, DTA signifies when a component undergocs a physical change
such as fusion, sublimatinn, or vaporization. Since these physical changes

generally occur at different temperatures, a unique thermogram can be ob-

tained for most thermally active materials.
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While the principle behind DTA has been known for a long time, it has
only bzen recently that aceeptable thermal analysis cquipment has become
commercially available.

Conscquently. the DTA technique will undoubtr;d]y imﬁrcvc with time.
A large number of chrysotile samples from various locations throughout the
world have already been eharacterized by DTA.33-30

The two principal reactions with chrysotile are a broad endotherm
between 600 and 720°C and an exothermic peak about 8109C. Thesc peak
locations can be shifted by .varyx'ng the particle size of the sample or the

heating 1ate.

Differential thermal analysis has also becn used to detect the presence

of chrysotile in {illed resins. 37

Indirect Estimation of Chrysotile

An indirect estimation of chrysotilc may be made by wtilizing t'hc
determination of magnesium in chrysotile-bearing samples by atomic absorp-
tion spectrophotometry.

Chrysotile asbestos, a8 hydrated magnesium silicate, is readily broken
down by mineral acids. On acid treatment the combined magnesium is dis-
solved out and can be determined by atom absorption.

I the general formula (3MgO 2510, 2H40) is uscd for chrysctile, the

- . theoretical magnesium content {s about 26%. With this information and the
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magnesium content of a given sample, it would be possible to calculate the
approximate amount of chx;ysoti!e in the sample. The assumption would
have to be made that the sample contained no other magnesium-bearing
compounds other than chrysotile. Most of the samples analyzed to date
have been airbome particulates collected on membrane filters.

Sample Treatment. To the membrane {ilter.sample in an acid-

cleaned Phillips beaker is added 10 m1 of 6N YIC1. The sample is then
heated on a hotplate (1309C) for 20 to 30 minutes to totally break down the
chrysotile. The resulting solution is transferred fo suitable volumetric
glassware and adjusted to a known volwne.

Anulvsis. The magnesium content of the sample is determined by
atomnic absorption spectrophotometry. Both single clement and multiclement
hollow cathode devices have been used to produce the Mg 28524 resonince

line which s used for the analysis. The percent absmiption at this line is

/

used to calculate the magnesium content of the samples.
Aqueous standards arc prepared from & stock fohtion made froma

purc magnesium compound and 2 standardization curve is run. The range of

-the method as used is 0 to 2/1;; of Mg per ml of solutian. Each standard is

0.3N in HCI.

The absorption for unknown sample; is referred to the standard

curve. The magnesium content in /Jg per ml is dctcrm!ncd., and 2 ﬁ_r_:al value

000872
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{for total magnesium in the samples is calculated by using the total volume
figure for each sample.
This method has been used primarily for small samples (0.20}1{:)
obtained by using personal samplers. Large samples rcduirc such dilution
that considerable crror moy be introduced by dilution factors alone.

Evaluntion of Methads

There is no recommended procedure for the determination of
chrysotile., Additional research is needed to develop analytical techniques
which are capable of permitting a differentiation between the massive and
fibrous Ic;nns. Also, there is a need for more scn.siiivc proccdures to

fdentify singzle fibers which are encountered in bijologicil samples.
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CONCLUSION

The criteria, thé intcrim standard, and the method for the collection
and evaluation of dust exposures to asbestos recommended in this rcpén are
based on the best cpidemiologic data and analytical methods that now ex.ist.

On the basis of these data an interim standard is fccbmmcndod to
control workers' exposures to ashestos at no more than 12 fibers per milli-
liter as determined by the recommended method of counting only those fibers
greater than 5 microns in Jength.

The criteria do not include desirable data apt to be developed; e.g.,

-

21l of the facts that should be known about ashestosis. the relationship be-
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tween e.\'posure to the various forms of asbestos and the increased incidence
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between asbc<20< dusl levcls and rninimal hcalth e[fvcls Nor !s thcre a
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recommcnded aml}.xcal tcchnique to dxfferennatc massive forms of asbestos

from the fibrous forms although scveral techniques are described in this 7

report.
As the results of additional research {n these and other &reas become
known, the criteria and interim standard for asbestos and the techniques

utilized in control will be reviewed and modifications issued if necessary.
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