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1ndusirial experience hus proved the aved for eriteria and standards

to protegt ufe Lealth of vorkers expused to 2n ever increazing number cf
putential ‘.*.:;::.:1:.15 at their warkpl:'.cu..'

In order to provide relevant doti {rom which valid criteria and
effective stindavds could be decduced, the Burvau of Oceupational Safety

and Health has projected 2 formal system of research with priorities

deearmined on th2 Lasis of specified indices.
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It is iutendud to prescirt fuccessive reports as tudizs are comploted Ti; L'-."
and standa ds are sanfﬁcieutly crystallized so as to Le feusille. The first ey -
e =
report, which lollows, concerns asbestos. Qthur repurts will foliow as e ¢
the rusearch and evaluation progresses. All standards will be revicwed :'- >
< .
periodiealiy in the light of additional data 35 researceh coatinues to keep ol 4=
N afre
protection of tie woraar's heaulth as efiective as the jtare of our tachnology :1;?;_-: o
Tequires. s
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INTRODUCTION,

olye,

This peport, the first in the projc.-c‘t.-ull serics of docurnents, presents
the crit:ria aasd recommended interim smr;d:.;.r-d ahich were prepamed to
meet the need for praventing asbestosis. "rhe_ NECeSSIALY relevant éota are
alspo made availabie for use by the Svcretary, Department of Health,
Edacation, and Welfare in acenrdance with provisions in the proposed
Oceupativnal $afety and Health Act renuiring the development of criteria by
"Thc' Secrctury. Deparmment of Health, Education, and Welfare. ..on the
La<is of such reswrch',. demonstirarions, and experiments and any other
Information esvailable ta him..."”

The Burean r;f Qccugational S:'z.fety and Health, after a review of
all data and consultations «vith others, formalized a system for the devoi- '
opmene of eriteria upon which standards caa be established to protect the

health of apprm;im:ticly §0 million workers from exposure to hazardous

chamicnl and physical agents, DPriorities in this systom are based on [ive

indices: (1) the number of workers potemiall;' exposced; (2) thue relazive ;‘):
taxicity indax of & particular substance or physical agent; (2) the inci= -
dence of illnesses (ox'. &ath);'(-{),the..qunntity of ths substance produced |
and 'used-lq the United ém_.;s.;_.';:_;‘d.'(s') the Increase or decrease in the
quantity used over a peri.od- of: yea:rs. ’ ———— e s s o

See . | BB 002142% | }~--
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1n addition to the above system, the judgnnents of industrial hygienisis
-

*

from 10 Suute aienviesd and 29 private industiies wers (ansidered in

G AR

vstablishing a antative priority iist for vver 90 chennesl snd two pysicul

apents,
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C‘/ 3
. RECOMMENDED INTERIM STAMDARD
The Pui‘alxc Health Service recommends that occuputivnal exyosuve to ashestos 5
dust be coatroBed so that nu worker shall he expracd to more than 3 asbesios fil.ers ;
4 Fer millititgy baged G a count of fibers greater thar 3 miercns (u) in length us de-
termincd by the recommended method, which is desceribed in this repart, and bascd e

o time-weighted avarage exposures for a $0-hour work week, (See p. 24 for delini-

'ar.

tim: uf 3 fiher.) Concentrations greater than 5 filvers/ml, bul not to excved 10 fibers

40
'1',-

h} .‘f’ f'/:"'"! ‘-’- |""§’.

A
Li
L

.

r

| 4
Q. L=
}\ 5_:{_ . may Le permilted for 15-minute periads ¢ach bours 3 to five times daily. . ool
AN o L . . o, . s
TR Tha interm slamiurd recommended is based on recent investigations by the s E
- “ -ﬂr_:
) :\ Public jiealth Sesvice and the Commonwealti: of Puansylvania 2nd on the exjern f“: E'E
PR ' R LYY
S bpinions of the Review Committee on Asbestos, It will be subject to review in 1672 -0 — —
. - e |
» . Avalt AP Ren Lt Y e Q
I -i-’ \Sx:d will be vevisod us m:cw;ary B P Y PRCI W L )
3 \"’. s f.!.-r: -, g ' ""“' [
Y . This interim sesndard was develuped to'mect ihe following eritenas Lo g e
\I::-' .‘:. 2 2-
\\} Q 1. Ir will provent asbesiosis in nearly all workers exposcd over a working Lifetineg.,
a I [y ' . ¥
vty Nl Tyt .
T < 2. owilizes techniques that are valid, reproducible and available to indusiry wrd
\" \
QA y ,‘ citicial agencies, LA,
. \. s ne\ 3
R L PE NS e . . -
N 3. s attdinment iz fessible with existing technoloygy. «
< . ’
.\'
\';' I should ba ¢learly undersiood that this inwrim sandard {s intended to provent
asbestosis. Although it would be expected to reduce the risk of neoplisms. its aduyuacy
in this respoct cannot be assured because of insufficient knowledge on dosage--rusponse .
‘ relations aad the influence of different types of ashestos ard co-factors. _A second .
document dcnhng with eriteria and standards for ncopla.stxc uifects will he fo-t‘mcom(rv . é
§.Lfrmnd dc f.:-n\‘-v" Ov acvevmee oy .f Todive cermiddinin e P
‘*("" ‘11 - ond ?l .
1‘"5-‘ 'tt higw 7“.' Caes ) AvER -'t-fv.l-w‘:.. Sianaibivd -c‘l‘ “u;é ‘“!“—7 --_--i
3 eifeitey, o S Zaard Ma \-...\ . ‘ 00"2_-19_32__1
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REVIEW OF PROZLEM

Asbebios is a gencric term that applies (0 2 numine of mineral

silicates Incomoustible in 2ir and separuble into fitamuoits, The most

widely used in industry in the United Swtes is chrysatiie (33130 28i0, 211.,0),

a fibroes form of serpenting. Other types includc amosite (33150 11Fe0
ll“..Sx;)._.' ?1!2('0); crocidolite (N3,0 3Fe0 Fcins ¥8iG,y Ile):

tremolite /. Ca Myy (Si0g), 7: anthophyllite /- (MgFe); Siy 0y.(0M, /s
and actinalite [ CaMgTe)y (SiOg, /-

Uses of and Exprosures to Asbestos

Almost one millica tons per year of asbestos ure used in the
United Staies, 1z 19835, approximately 74 percent of the ashestos
produced was used in'.thc construction indusiry (522,300 tons) and 26
percent In non-coustruction indusiries (187, 400 tons).” Approximately. .
92 pervent of the half miliion tons used |n the const.*.'rucuon industyy is
fiymly bonded, i.c., the asbestos i3 "locksd in" in such products as
floor tiles, aabestos cements, and roofing felts and shingles: while the

remaining & ;nigccm. is friable or in powder [orm prcscr;t in insulation

materials, asbestos cemuent powders, and acoustical products. 1

As
expected these latter materials generate more airborwe fibers than the

finnly bonded pruiucts. The 157,400 tons of ashestos used in

b —
- -
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non-construction industrics in 1963 were utilized in such products ay
-

#
LY
ashestos toxtiles, friction matcrials including brake lnings, and clutch
I 4 .
facings, asbestos j&per, paints, plastics, Toof caatings, and

miscellaneous other preducts,

Recuently the coastruction Industry has begun the application of

gy L Jq.‘.
asbestos fusulatica materials by spraving. While this technique at ":".‘_T‘.? "_ ‘_i
presen: utilizes oaly a small percenizye of the total ashestos produced, "f‘
its use is icervasing wapidly, 1t has been found that more ashestcs T
fiiers becoms airhorne frum this methed of applicarion than from the ol
oldar conventions! mutinals. x‘_“_
2.
Mining and willing of agbestvs tn the U. S. is a small iadustry e
(2R
ot
employing fewer thaa & thougand warkers, In an unpublished Pucliz ; {_3'
Hualih Service survey of four asbestos mines and mills, mean exposuse 5 l:-:\
levels of 3 fibers D 3 A /in} inmining and 7 fibers > 3 /u.’ml in
milling, were found, However, peak esposurces were as high as 23
fibers > 5 u/ml. .
/s : ' .
Recent levels of asbestos exposure In the manufacrure cf asbestos
products are given ia Table x.z as rounded geometric means; arithmetic
means would be somewhat m;&r..- The data Tepresent general plant
averages by eperation even though some Individual exposures were much
higher {n prorly.controlled operations. o o s b
. . i - —————— !
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TABLE I
¥ Asbestos Concentrations by Operation?
-5 - - ‘ (Fibers D> S/u per ml)
. . Geometric Means
Second Second
Qpuration Higheste Highest* Lowest=* lowest®

Textile

Fiber Praep. 11.37 10.26 0.75 1.02

Carding 9.28 9,17 2.55 0.77

Spinning 11.22 T.74 1.40 1,02

Twisting 14,03 .52 2.47 0.55 -,

Weaviny 11,97 2.96 1,69 0.8y -~
Friction "’-_";

Mixing, Coating, Extruding 3.37 3.32 0.50 -

Forming 6.70 3.1 0.65 -

Hot Pressing 8.39 2.85 0.40 0.10 -

Grinding & Sanding G.40 4.57 0.73 0.32

Cutting & Drilling 10,04 3.20 0.47 -

Inspecting & Packing 4.09 4.63 1.26 0.65 .
Cement Pijw .

warehousing & Mixing 4.29 5.50 1.22 1.22

Pipe Forming 2.11 . 1.48 0.83 0.63 .

Pipe Finishing 4.09 4,06 0.58 0.56 -}

Coupling Finishing 2.92 9.53 1.23 0.92 ,w
Shingle, Mill Board, Caskut o

wWarchousing 0.1 - - C3.20

Forming 0.92 - - 0.9

Finishing 2.61 - - 2.95
Insulation .

Mixing . 77.96 46,96 9.54 1.05

Forming 20,05 21,82 2,57 0.44

Finishing 49,52 a2T.8" 5.42 0.57

Inipecting & Packing 13.10 18,21 2.73 0.41

* As determined by overall plarz average concentrations.
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3

Recent (1863-63) data from Pennsyh'an.in.‘.‘ in two asb-esms text‘ile pls'ms )

show averuge dust concentrations in carding of 3.5 mppel 2nd wazving uf.O. 6%
y _

myppef. which are approximately eyuivalent to 17.5 and 3.4 fiters /inl respec-
tively. Inoac plang, in (twisting the average concenlralicn was 2.2 mpaef or
11.5 fihers/ml; in :i..".- other plant spinnine was 1.6 mppel or » fihers/ml.
'l'la;.'a'.' cuncuntrztions are in general agreement with the results for texxile
Cire futivig prasenicd in Tuble 1.,

Little d2e2 are availulile cn the exposure ¢+ insulztion warsers. other
ashesios produat users, or other workers with sccondary eiposares Such as

. : o 3 )
cunatTuctiva workess, Balzer and Cooper revorizd mean expoause levels of

)
3 -9 iibers > slu’ w.l v.'-ith' peak uiposures greater than 25 fibers > 5 Iu/'ml L\.:;
for vuricus operuzions in. the handling of asbestos insulation, Thase workers,: ;\\.'C\ '
nowever, did act sperid all of their time working with 2sbestus insuluton, and, N
cousequently, time-weighied average exposu;:cs were lower. ) b --:l
There are approximately 40.00.0 insu‘lzﬁon worlers in the United L ,
States who are expesed to ashestos dust. The activities of these workers ‘.:. :
- cAuse sevondary exposures to an esumated thre.c to five mi,{l.icn other ‘ :%
buiiding constryecrion and ship. insulation wor!:.c.g;':i .T-l;- c!t.::sis exposure of - 'ﬂf.
_ the individua) warke:‘- is cx:mm‘ely variable., Because of this variasion g
-+ and the smali number of asbestas workers at any one iocation, the ashbestos R -“3
dust exposures of these workers have never been satisfactorily es;imate-d. E n_’:;é
am W

-

*
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An estimated 30, 000 workers are involved in the manuwficture of
-

a.sbestos-c}mtainiug products. This {iyure does not inciude secondary
- ’

manufacture of preducts which contain aslestas, as eleeirical or
thermal insulation, or products which include previously manufactured
components esniaining ashestos. 3

The following information, furnished Ly the Peansylvania
Division of Oveupatisnal Health, shows the number of plants using
asbesios in which potestial exposures can ovcur. These figures are
based on a wutzl of 18,435 marafacturing planis i that Siate as of
August 22% 196, and n-yiw:sem. about 1.4 jereent of all manufacuring
operzions in Pencsytoacia, éen‘ice facilitiva such as yarages are nut

includad.

[y

Ingulation, including cutting, drilling, aad
tape manufaciere
Muauineturing and processing
Brakes and friction
Cewment, clay
Miscellaneous»
*Caskets
Signs
Safety Equipment
Laminated Material |
Paint and Rooflng Materials
Shipbuilding and Shipbreaking
Impreguating Resin and Urethane
Textile Coa '
Undercosting Material
.Ironing Buard Cover
,  Flooming ) . 7 BB 0021428 |
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Indicatians of Uxtent of Hazard

The widvsprvad use of aslwstus {ihers did not Legin until the last

6 : .
As a result of the incrueasing use of

quatrter o"' the pinetewith cellury.
asbestos minerals, tUiwere has been an undersurtent of coacern over their
role &s facturs in human disexse. To interpret accurately the hiologic
actions o ashestos, it is imparstive that the ekaracter of the uxposure
 as to cescentration, size, and type of fiker mnust be wmown. Data of this
rafure 2 scanty or often ron-uxistent at pruesent with respect Lo human

exposuss. The drst record of a case of asbestosis was made by

Montague Murruy in 1906."7 The first complaze description of asbestosis . - -7

axd of the “curious badies™ szen in lung tissce appeared in 1927 whan . S .

- rre : o
Cooke, wzd McDonald” each reportad oa the same cass of asbestosis ey
‘ - D
and MeDoz2id's repors included another ease. Each author gave reasons - :
- ' . S
for believiznyg that asbestos bodies originate from ashestos fibers that NG

reach the lungs. A majority of people exposed to asbestos dust develop

the disenso "azbestosis" if the Just concentration they have been exposad

10 i% hizs and the duration of wteir exposure is long. This !_ms been docu~

s ’ mented Lr the following studies: Merewether and Price, 1930;

] . Fulten &2 al. . 1955; and Dreessen et al., 1538. In 191x Hoﬁmanm

Teponiad tint it was the practice of American and Canadian insuraace

- —-...,___.-

compazies 0ot to insure asbestos workers on account of the assumed ' BB 0021q29

hualthuizjurious conditions of that industTy. About the same time

¢

L}
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‘ . 11
Pancoast,sMilleT, and Landis™  reported on x-ray appearances of
. 1
pneumocofinsis in 15 individuals exposed to ashastos. Mills' pub- -
=
D] -
licauonl" was she first Toport on ashestosis published in the United
. 1
States, ard in that same year, 1830, Liyuch and Smitah 3 TEpOried on
asbestos:s badies” found in the sputum of asbestos workars. In
.\lurx.-\\uliw\.;'a revinow of ishestosis, 14 elaphasis was placed on the
relution of aabwesiosis 0 dusty working conditions, The elinicdd o
_ s . 15 e
Aspeets of ashestosis are well documented.  Gloyne™ ™ w:icussad the .
- o
pathology of ashestosis and methods for diagnosing astwiios bodies fjj“_ T
and asbestosis., Selikofi znd Humn‘.m.c!m,amlyzed 1,979 cutepsies ; !
. in tbree large New York City hozpitals and {ound 2s5hesi0s bedies in - a P
S , CE R
942 (47.77%). DBroadly convidered, 40 percent of housewives, 50 per- FE
r .
cent of "white collar” mules, and 50 percent of "blue ccilar” males < ;
showed ashestos bedies; while males who had » histery of shipyard foeeoe _ _,
. _ R R
or construction work kad a higher incidence of ashestos lodies, e.g., ;':m- [
Ty
80 of 129 cases or 70 percant. Sellkofi's ckservaticas also suggest Gl
thar asbestos bodies were as {requently present 35 years agzo as now. ~
- : The Annals of the Now York Academy of Sciences prescents an
- ]
excellent and lengthy documentation on the "Riolegical Effects
. l n. * . ) r
of Ashestosis.™ ' The Publie ilealth Service, with the adsistance 4
. ' o
* "TFerruginous bodies™ {3 a more descriptive term, --—'--;----......_-...1
. . _I_BB 0021430 )
' . .
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of azbestos prontucers and manuwfacierers, {S examining its findings with .\“"l
- . - - I3 ‘.’-
. o . s e . . < f \‘ 4\} e \
Puiulations expased occupationally during the past 30 years .. “This 2~ .~ o
’_\- |+ b
Y, 4} :\ ',!

infarmation should provide more daficitive epidemioloygical knowledpe -
.I" LY \. - .

of significunt pulmenary fibrosis in workers exposed to airborne

asbestos fibers.

Madical Asjects of Azixestosis

The ocvupationa) disease, asnostosis, is characterized by:

1. A pattern of x-ray changes consistent with diffuse interstitial
fibvosia of variable degree and, at times, pleural changes of fibrosis

and calsification.
2. Clinical changes including fine rales and finger clubbing, Thesa

may Le present or absent in any individual case.

Y,

PR ot f,.".."

3. DPhysiological changes consistent with a restrictive lung disorder.,

The diagnosis of asbestosis is further predicated upon a kkown

I'fq

histury of occupational exposure to airborne asbestos dust. In general,

cunsicerable time must elapic tetween lnhnh;ibn of the cust and

apocarance of x=-ray changes.
Several elinical abnormalitics appear to occur with unusual

(1L B i

e | 7:__““?

frequeney in thase environments where airhome asbestos fibers, often

in agsociation with otherl substances, exist. Of these, diffuse
l_BB 0021431
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chronic inflammaiion and scarring of the lunyg, historically referred to
-

a5 “aslestosis,” was recugnized early in this centumy. Dased upon the
»

premise that a reduction in the nember of fibers inhaleyd and retined in
the lunzs would leszen the severity or prevent the vouurrence of
“asbesiosis,.” cifosis 19 decrease the “dustines s of the worker's
environment in seme, thoush net all, azl-ostos milling or using processes
begin in the mididlz 1950'5 and early 1920's. The fact that 4 reductics in
frequeney amd sevesity of asbestosis has beun demsrairated in those work=
ing places where suck u program of dust reduction s been established,
confitins the view that ashestosis is "dose~-relates” to fikers of astbestos, 1 -

. = . e — 8 v - - . Te e )
Some, though meager and incompicte, nwmerical daiz reluting
clirical maanifestations of astestosis to dose of asiestos fibers are now

availab_le.

An abnormality, occurring with unusually gruater frequancy in

populations exposed to inhalation of asbastos fiber, 15 that of localized

thickening of the pleura with or without caleification of these plaques.
| The failure 1o find thesa plaques, as.a resul_t of some studies of cermain
design in cerzia arcas, in some persons kmown-to kave sustained sub- '
stantial exposure to ashestos {iber; t_h\; suming abseace of a dose

relatonship; the occurrence of the plagues on a rather striking geo-

graphic basis; and their association with other exposures such as to tale

PR
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432 |\
and mica make the role of the asbestos fiber In this manifestation |_BB 00-2-1----—'

—

difficult 10 understand, -
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In the late 1910's, a [requency of bronchogenic cancer greater than
-

that occurring in the gencral population was ohscrved in
r

from ashesios derived frumn manufacturing of ashestos products. In

Persons suffering

1964, this zre:.;ter frequency was .';Iso reported ir 2 group of insulation
installers who were exposed to saveral materials including airborne
asbestos fibers. lo contrast to pupulitions exposed to these kinds of mixed
environmants, examination of populations exposed to a less complex arrmy
of materiials other than asbe:stea, as exemplificd by the mining ard milliag
oi asbestus fiber, has shown either no greater or a lesser order of augmen«

tation of frequency of bronckeygenic cancer.  Although the question remains

- delawalle, there is evidence to suggest that a dose-celationship exists

led asbestos {ibers and their »ole in broackial earcinoma,

.-

The passibility that cther co-existing agents (co-carclavgens) such 2s 7/

between e $nha

cizaret: smoking and metallic cations, play a role in this overall

carcvinogenic relationship is strong. -

An increased rate of occurrence of mesothelioma of the pleura or
' r\_{---‘_'\ -‘le‘.'

peritoneun wis repoiied in suine populations In 19..317;‘\.1 in auh&equunl. ‘e
years. The possibility that asbestos may play a role in this distribution
kas beun raised. The failure to find, thus far, an augmented frequency

of this particular tumor in some ocher populations exposed for similar

- . . . - -

pericvds 1o substantial concentTations of aithorne asbestos {iber, raises
a doubt that asbestos per se Is of nccessity the responsible agent. . | BB

* S —
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Thus, while present datdl age oot dequate Lo deline completely the

preblens it ¢an be stated without hesitation it arbestusis, brachogenic

- —

cancer,’and mesothelionna consiitwte abnormuhitivs thui juse a threat to

lifec snd well-being and heace are to be prevented, Of these three conditivas,
cur currvat mowledyge is moat substantial with respaect to the relationship,
bwh etinlogically and gqusatitatively, between 2stestos fiber inkxdauon and

the subsequent Cevelopment of asbestusis, Our kmowledge i5 guite meager

------ . ———

Wits restect to these soocilic reluticaships rerarding bronchogenic caneer
————— v g = T e B S0 —— ey - T,
, SR AR wm Wy

and mes=othelioma.

——

Evidence in kand indicates that past and curreat standands for
. fiber concentration in the working places where asbestos fibers oceur,
\ . . . T l.
though undoubtedly contribuling to reduction of the severity aad fre- -
guency of the diséase, have act prevented comgpletely the development Lo e
of asd+stesis. The role of asbestcs in mesothelioma is uncertaln, and

information us to its etiological and quantitative relationship to asbestos - &

tibers are s0 lacking, thar criteria for setting a standard at this sime

et g S— ¢

wiiich would prevent mesothelioma are virteally non-cexistent. With
rc:puﬂ. 10 asbestos and bronchogenie cancer, whils scant pertineat \ ,‘-‘-(:." ety |
dat do exist and more will be availaile in the near future, usabie and) \J"' :‘:'d o

4 -
meaningful eriteria upon which to base n standard for asbestos in_ths."’ a x

anviroameat do not how exist.-.

Granted the need for a2 new standard, if-it i3 ro be based upon | BB 0021434 |

menning'fui data anil eriteriz, the standard must be based upen those
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criteria rélated to asbesios (pulinonary fibrosis) with the
conviction;‘tinz this will be a step in the direction of less;-ning‘ whatever
carcinogenic infleence asbustos fibers in the eavironment of the working
place may ultimately be shown to have.

. . Of necessity, the criteria for the recognition of ashestosis during
hie an: those of a elinical nuture. While the histological :xl:erntionsr

associcted with astestosis are knuwn, no body of data now exists relating

t'-uc

¢ antismical changes in o reliable epidamiological manner to varicus
environmiental cuncentrations of respirable-sized fibers of asbestos, The
clinical findings thag l-.:wq Leen reluted to patterns of exposure are: (1)
changes 1o be obsaerved in the chest roeatyenograms and (2) physical

signs of rules, rlu.;z;chi and clubbing of fingers. The influence of asbes-
toais upon pulmmenary and circulatory functions has been. stu.dic:d. but only
now are the efiects of such influcnces In the procvess ¢of being related
epidemioloyically to parterns of exposure to asbestos fiber., Urtil the

epidemiological relation i3 established, the criteria for preveation of

a_._siaestcsis must be clinical.

DEVELOPMENT OF STANDARDS
Various criteria have bheen used for cateygorizing the eavironment ‘-
ln'tcms.of_lls dusticess in past years. Recent developments have made

fi clear-that, with n-spuci to establishiné a standard for prevention of

b
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asbestosis in those working places where asistos fibers exist in the
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un\-ir-;mmeu?.. a methed utilizing the cupture and direes eatinnation of fivers -
of asbeqtos"be utilized. In the Fasl in the United States, the imptager y
methad was utilized Jor evaluatingthe dustiness of eavironinents by count-
ing particles as well as ashestos fibers. Even 80, it m2y be poasible to
extrapolace, with seme degree of utility, currunt estimations of direct
fiber coust in a retruipective manner based upon previcus counts Ly the
|} ..-l.\
midact impinger technigue, R
K / Y L “":a'u\-“— \
. R R "0-\._.""' »
\""'\ . '|:n\ -\‘\ AN st \ * : .
. e u‘
- \
Wtile there 5till exists the question of whetker or not different
varieties of askestes fiber may have varying biclogizal eifects, thuve is 3
at this time insufiiciess Information to justify treating one variety in a
diffevent manuer th4n anether with teaspect to setting a stendasd, The
e ——— - ——————a A PPN o 4
question M3 also keen Taised as to whether or nct fibers less than R
S microns in lengh huve any oreguivalent biological activily in comparisun “" L.
' = 6D
to asbestus fibers longer than § microns. Current evidence suggests that 7 o
-{t is the fibers luzger than 5 micruns that are biologically active or that " —=
the fibers longer than 5 microns faithfully mirror the numbers of thuse ) ::"5_*
. ) ’ R
fibers shorter than 5 micruns in terms of biological activity; therefore it i
is appropriate to use 2 count of fibers longer than 5 microns as a criterion” =
“1 : C.J
- - * o
for characterizing the enviroament, Loy
. s €D .
. Reand 2 '_...--
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Thu.’:. the interim standurd developed is based efon the above eriiaria,

Al

recent coviZoameniai daca and the available, though =cant, epidemict,

ryical
LY
informatica.
™
RBusis fur Previnys Sriandards

The first standard {or coatrolling exzosure to asbostos dast was
1.0 . llg- ' ". - - .
recommended by Doeeszenct al. " Tin 1929 fallowing a study of 331 empluyees
in tour asbostos oxt e phints where massive exposures asourred, A tenta-
tive threshaid limt for ashestes dast of 5 million pasticles per cubic jo
(mypel). éatermined by the impinger technique, vas recommended, They

P .o A W
fourd numervas well-marked cases of pneumaoconiosis where ¢nneeniTaticns -.—

<A

exceaded 5 mppef, Lut only three doubtful cases where concent:atiorfs WY r;: :::1'
undar 3 mppef. However, oaly five persons wera expescd over ten years to : -‘ ?“:2
concentrations from 0 to'-.'..s mppef. None of the 39 persons exposed Lo ' "-';‘ 5;_
concentrations below 2.3 mppef showed evidence of ashestosis; but ealy six : :::
of these had buen employad more than five ;e:u.-s. ;é

The study by Dreessen et al. had unaveidable limitations such as : :%:
the fact that 333 of e 541 employees studied had worked lesy thao five ;1 =
years in thesa textile .mm;s. only 63 were c;:nplt:yé}.l..as long as 10 years, = Z

and omly 2 for over 20 years. Furzhermore, the averuge age of these
asbestos textile-workers was 32.1 years and only one of the four piants

m----—--—---

{ BB 0021437 1

studied had been in operaton for at least 13 yenrs.l

s i b -
.
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»
Thus;, the Grst 513ndard established was based updu Henited dats,

a condition recoynized by the authors who stated that. . ."5 mppef may be

rezarded wearzlively as the threshold value for ashestes—dust exposure

until bettor dara are available, "

For severul years, tle American Corference of Goveramental

industrial Hy rieaists' (ACGH!) Threshold Limit Value (TLV) for 25bestos
) 18

cuast was 3 mopel. This limit was based on the study by Dreessen et al.
aad sublsequant 1nvestigntions by othars, Howevey, in 1963 ACGIH pro-
pozed a lower TLV of 12 fibers/ml > & pinlengthor 2 mypef and, ©

18
gy s, @ 8Ll lower limit of 3 fibers/ml2> 5 A in

Lo 2 L. S
length wefir—prosesed in 1870, 7,

.-

Believiag that the § mppef tentative litzit recommended by
Dreessen et al., which tho ACGIH TLV snbsequentiy adopted in 1948,
was out of date, the Committee on liygienic Swandards of the British
Occuputiona! Hyziene Soclety reviewed medical evidence, results of
Tecent studiex made by the 2sbestos industry in the United Kingdom,
and ei:idenﬁolog:ical data from the United States. In 1968, this Com-
mittee published Hygiene Standards for Chrysotile Asbestcs Dust. 17
The following is 2 summary 2nd the recommuadation contiined in the
reports |
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1. As loier as there is any aivhome chrvsotile dest in the work
eavigonment thene w2y be soine sanll risk to health
Nevertheless, it should be realized that exposure o to
certain limats van be tolermted for 2 lifetiroe withoas
incurring undue Fishs.

“2 The commitive helicves that a projey and rehaonable
objective wuuld e 10 reduce the risk of contracting azl:zs-
tesis to 1 purcenl of these who huve a lifetime's sxpesurs
to the dust. By "astostosis” this comnuttee means ke
ecarliest demuenstruble effects on the lurgs due to asbestes.

"It iz probable that the risk of baing affected to the extznt
of having such eavly clinical signs will be less than 1 per-

e N
cem for an ascumulaied exposure of 100 fibre vears por 'C’;'; Lud
emS. That is, fur example, & concentiution of 2 fibves | . =
por eniS fer 30 years, 4 libres per cemS for 25 years or T i
10 fibres jur emd for 10 years, : PRI

»3. It i3 recomnmended that exposures which lie in cerwin © (':
ranges of dustiness he designated by categorizs : e
aceording {o the follawing scheme; D

LI
. CONCENTRATION AVERAGED OVER [~
DUST CATEGORY 3 MONTIS (FIBRES/CM?) gt il
: : . Treme mfln
Negligible 0-0.4 T 8

Low . 0.5~1.9 Load ‘
Medium 2,0-10.0 bz =

ti ' Over 10.0 -

High = =

. The levels are expressed in terms of the number of
fibres per cm? greater than % a in lungzh as determined
with the stancnrd inemirane filter method. Any other
method can be used provided it is accompanied by
appropriate evidence relating its results to thase which
would have been obtained with the standard membiane

filter mothod, . - g
F
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"5. When it-is necess=ary to work intermutently in a “high dust”
area an approved mass should le worn, px'mu!vd that the
concentration is no more than 30 fibpes jer ¢nv? and the mask
has been shoan by test to be a gocd it prior to entering

he area. Should the concentration excevd 24 fibres per em?
a higher stanedard of respiratory proteaicn should e
provided, such us a pressurv-fed breathing aprarutus,

vAdditioual recommendations .

1. It 15 recommended that where practicable an up-to-date
empivyent reeond curd be kept of wvery purson which
imdicittes, every calendar quarter, the culenry vr ¢ate-

worics in which e or she kas been empleyed and ia which
re Wbt she 15 reeomtiended to work,

w20 AL empluvecs expused (o risk should be mudisaily exzmined

- aw

Inefore emploviueni, Periodic examinations should be mada
therzafier, annuzlly,

rNates

*These hygicnic steasdirds are subject to review in the light of
iew evidence and improved methous of measurement.

“Phe standurds are, 0 our opinion, the best that ean b drawn

" from the exisung data. These data are scanty and based on
factory exparivnce of coatinuous exposure during working
hours. Due caution should he exvrcised in applying thase
stardards to uther jacterns of exposure. As far as possible
the dust exposures have been estimaled conservatively and,
fn particular, in the period 1933-1950 the average hours of
work were substantizlly greater than 40 per week.

"1t is hoped to supplement the existing data in due course,
whea the standards will, If necessary, be modified, Theso
standards will be formally reviewed in three years," .

It shoul! be emphiasized that the énvironmental data upon which the

& b

A o

T e s

il

R

Uil v

i

IR

\

‘British standard was based, according to [folmes, were related to *fix -i

BB 0021440 |
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20
suples takfl 2s near 2a puaaibly tu thz Lreathing roae of the woﬂ.c:."gn 2
1n ather words, thesu werv nut breathing zuie sampies collected by :
personz] sampless as recommend.d in ti:is document or as practiced
geaerally in the United States. For this vason, the Pritish standard is
lower by a factor of alswut 1.5 than it wockd be had breathing zone samgples
Leen eollécted, This atztiment is based on studics marle by the Bureau of
Oveupatianal 8 vy and Health and 1eferoed te in more detail in the sec-
: : [
tioa, ¥rinciples of Sampling. For ihese and otker reasons it is nex oS oen {
gl W
pussilic 10 compere tae Briish standard with that recommended hare or 2 —t
R b i,
YL N
with the pereseemrCGLH TLV. e r
nir
4 In 196¢, Kalser und Cocpers repoitad asiasiosis among iasulzticn  ©r e r -
\ * M e 1 T -
: o . e e }
workeTs exposaid ai levels not exceeding the time-weighted average of ST
: s
5 mppel. P
ey
" In a recent unpublisked puper, Williams, Baier and Thomast S
compiled data from tiwe Pennsyivama Defartmaeat of Health files on expos- ) -
. ¢ - L
urv levels at various textile procesalng ojcradons in two plants, The . e i
. e ime
daw presented include results of dust cencentrations from 1930 through
19G7 in one plant and from 191> through 1963 in the second plant. Even

though controlled exposures were fur the most part below 5 mppef And D - wr—emm v c=m——w
) 2 IPREInein =3B 0021441 I |

many cases below the 1963 ACGI proposed limit of 2 mppef, .64 cases of

asbestosis were reported from these two ashestos textile plants, The

 han
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authors cumclude thae "I asbestousis i3 to be prevented, airtiorne ash.estos

W i

‘dust must Le stricgeatly controlled in the worldng eavirorment, From
bl .
19 -kt aid
these data 2 TLV of $anppel would provude isadeguate protection and the
17 {.- ’,’l '.-.': "'0.:-

f I
propuscd-2 pppef may not be substantiated,” @t ghoeld be noted that 10
o fiera/inl corrgspomis to Jess than 2 appef and that tite int. rim standurd
recommendsd--5 fibers/ml would be les than 1 mppef,)

" Thus, coasiddarzble evidesce exists indicating that prevention cr )
.y Y
reduction uf the oseurrence of asbcstusis anwonyg workers, the : & Ll
b i
concuntiution of asbestos fibers to which they are exposed must be reducedi. Lo
L o
There is at this time, however, oniy scaut ¢pidemiclogical data  « -

+ -t

correlated with resulls of environmental exposures vpon which a defini- gc‘-. N
£

%

-

Safety and Health initiated a study, scheduled for completion-in 1972, to E':
relate dust levels to whici workera are e.\"_poscci to the incidence of asbes—

tosis. Exposurcs to trace metals, as well as to carcineyenic oils in o

FROM PPG F

tive standard can be';suhnshed. In 1964, tha Bureau of Occupational

COME

o

.2,
ashustos dust, %’-H—ulso be studied because thase may le important in the
moc!;nn.ism of causation of ashestosis and cancer.

Basis for Proposed Standird

The proposed standard of § asbestos fibers/ml, > 5 Ia in length, -
is b:::scd on th¢ best available information to date and includes a

cousidoratioz of the Brirish standard, which states that the probable risk

-.---
-

THIS DOCUMENT WAS N[)oaoe‘r gg&%R?R c(’)&
INDUSTRIES, INC. Di / _
:’Tﬁg FILES AND CAMMOT BE AUTHENTICATED .

BY PPG INDUSTRILS, INC.

TR




of develoging asl.esinsis (frum exposure to c‘\q-soul--)-will be legs than

gervent for an acvumulated exposure of 100 hm* )c.;r.-.. per ml (150 {iner

years per ml bised on breathing zone samples). This equals 3 fibers/ml
for 20 years, 8 fibers/ml for 25 years, or 15 fibers/ml for 10 years~-

Lased of bre atking zene samples, Thus, even though it is not possible to ¢y /7

——

cumaee the imh Cuta (Lased upon exposures Lo chrysotile) with data ;'"“” el
3.+ e T
colleetedd in the United Stutes™ ' where wurkers were exposed to varicus Lo
- .
: IR
Dpes of asbesias, itis welizved that this limit will reduce to an insignifi- iy -
: . (;_:. ‘_7.'. -
cant risk the occurmesse ui-aslbostosis among workiers, even those who may ¢, i

'
C,’.
>> b exposed to a3besios dust for a5 lonyg as 25 to 20 years. [t must be em~- o -

x\tg : -,-
R % 28

. ""'\-
phasized, however, ihas this sizadard may not nec \.aaanly prevent neo;:lnm:?r "-
oD ety B 2wil

T e e i e - v e e e eEE——— \.

:..,’M‘

Additional researst is necded before a second docums=nt, coveriag this E;E ‘
A S
-aun;ucz‘, can b+, ,.r-c'ur‘.d \x. :Cause of the many other variables and factors -
A ..“ . . :.‘. . l! . 3
_\\ x'\\@ly'- ’._\," '
“.". .. \'-‘ - f "—..
P . TFytihermore, until additional epidentioleyical and envircomental dat
. A .
“’.- % L=come available, it is recommendad that exposures to asbestos dust be
)
*Y ™ mainuained as much lawer a5 practicable than the proposed recommended standard
L
Y .
‘\ \\\\ ~ METHODOLOGY
. Air Samplinx Mathods {
186 ‘
In the study of ashestusis conducted by Dreessen ct al.  midget
Impinger count data were used as an estimate of dust exposu:."e. All of "
the dust pnr:idea seen, both grains and fibers, were coumed since {op ___....J-—-'; \
A WY YITLENL
few fibers were scen 1o give ak AcCEIald Measurement. ,Tha i .!.-—--'"""”
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resultingscount conseatraticn wis 3 measere of weerall dust levels ratker 4
than a sfécific measurement of the ashestos councuntrution. This raethol 4}
was s_a'Lis.'nc:az-y-at that tizge since exposures wore inassive and the
control meazures installed to reduce overall dust juvels also raduced
the asbestos dust levels,
As dust levels were reduced. it became necessary to measure
the hiolegically appropriate awribute of the dust cl.ud. At equal levels e
of uverall dustiness, ti conr.:ﬂntntion of asbestos could vary consid- E ::::3
erably from (extile mauuhcmr.c (75-837; asbesios! to insuhtio‘n ?:? ‘% .
(9~15% asbestos), Furthermore, if the limit werre lowered below tjhe ?:";— *
5 mppef used previously and dust counts taken by the impinger technique, E‘;. : L
it would be nr:c::ss:;ry to consider the effect of background dust, wh.ich :;.; : :,
could be as high as 1 mppcf. ::, f .
T
A number of methods for measurement of asbestos dust 0 Tt
. concuntrations have heen used in the Public ltealth Sewice's'cpmemiolog- %; ’ _
feal study of the ashestas products Industry. 22302 picdonme
data, the preferTed index of asbesios expusure i.; the concentration of
. fibers longer than 3 A counted on membrane filiers at 20X with phaso
' ) 235,26 . -
contrast illumination. ™ ™" Fibars longer than Slu in length are counted
in x;re{erence to counting ull fibers seen in srder to minimize observer/ T
" e
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microscepe resolving power variubility. Furthermore, the Dritish define
a “ﬁbre"' as a purticle longer than 3 /u and haviag a ratio of leagth to
breadih greater thae 3:1. 17 This method hzs been adepted a3 the standard
fivld sampiing method by the Public Health Suivice.
Based un results of samples collected simultaacously by the
impinger and wmembrane filier ntethods in the astestos weaile ix;dustw.
8 cuneentration of & Hibvrs/ml longer than 3 /.a i3 approadintely equivalent
10 1 mppel, 17 tzis relutivnship is used, the intended chang? in the
Threshold Limit Values (TLV) adopted by the American Conference of
Guvernmenial I::dusfn‘:.l Hygenists (ACGIH) of 2 mippef based on the im=
pinger methids is equivalent to 12 fibers/inl longer than 5 }.127 Although
the Rritish have refruined from standardizing on a single method of
measurtoient, Mecent medsuremeats huve been performed by a method
cssentially idansical to the {iber count method deseribed in detail bélow.
and the Bricish intarim standards for chrysotile asbestos dust are stated
in thes.e ter=s,
- Whea exposures are measured in industries othar than asbestos
textiles, the asbestos fiber concentration is generally lower than
12 fibers/ml wken the linpinger concentration is at 2 mppef. Since the
ACGIH TLY 13 concerned with asbestos exposure, it should be considered

exceeded only when the fiber concuntration is over 12 fihers/ml as the

24

dust being counted in the impinger may include cement, resin, and oth-- —

we p

-""-" 5
--5p 0021222.=
non-ashestos materials, o \ lew—
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- Princi;:h-:: of S-'.t'm;M

A c.tust. sampling procedure nmust be designed so that samples of
actual dust concertrations are collected accurately and consistently.
The results of the analysis of these samples will refllect reilistieally

' the concentrations of dust at the place and time of sampling.

In order to colltct 2 sample represerntative of airborne dust,
which is likely Lo enter the subject's respiratory system, it is necese
sary to position a coﬁe.clir:a apparatus near the nose and meoush of the
subject or in his "ureathinyg zone, ™

The concentration of dust in the air will vary, depending upon
the nature of the operatiou aml upon the Lype of work performed by the
operator and tie position of the operatur relative to the scurce cf the
dust, The amuunt of dust inhaled by an individual can vary caily,
seasunally, and with the weather. [n order to obtain r;prcson::.:ive.
samples of workers' expasures, it is necessary to collect sampics

under varying conditions of weather, on diffuorent days, and at

differvat times during a shift.

+

fo‘s percentage of working time spent on different tasks will

nfff:c;.t the concentration of dust the worker inhales since the different

tasks usually result in different concentrations associated with them.

-ﬂ—_..

. § e TR 006\
The percentage can be determined from work schedules and by \‘BB 00_2_19.——-"‘

——
- _—ﬂ--

observation of work routines.




6
The duily average weighted exposure cun be dutermined by uving the
- .

following furmiala;

(hours X cunc. task A) » (Dours X cone. task B) + Ete.

8§ hours (ur actual hours woriied)

“The concuntrition of any zir contzminant reselting from an industrial
opwration also varies with time, Therefore, a longer sampiing time will

baetier approxnate the actunl average.

o Vo
bt L..{
o
Vith the follewing recommended sampling provedure, it is . o
" - e w
. _;L'_. -
possibile to collect samples at the workers' breathing zoaes fur periods of {' ; oo
ERII S

. mT .
from 1 te S hours Lhus parmitzing the evaluation of average exposures fors =
. o
L
half or full &-hour shift --a desirzble and recommended procedure, G ,_ﬂ
";A f-v-.l-
Furthern.re, dust expusures of a more normal work pattern resull from ¢+ ‘”;
: . MR ¥
the use of personal samplers.: Studies conducted by the Bureau of e ;..*3
. . . ;'," <A
Occupational Sufeiy and Heulth in several frdustries showed that results of . 2= |
‘ , . o 2
dust counts {rom persconal samples excucded .ose collected at fixed posi- e

tions Ly & medinn Cictor of 4. 1n the ashestos {ndustry this factor was 1.5,
Thiz cmphasizes that sumples should be collected 25 ncar as passibla to

workers' brueathing zonus in order to evaluate their daily exposures,

Coliccting Samyie

——

The standari recummended in this report was based on a

..-d""
maodification of the membrane filter method described by Edwards and :—-"é;"" 0_2,}..&&
. . o
-d-"""
I.ync],_ 25
 RECORD QF
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Breathing zon2 samples for count are coliected on Milliporae type
AA filters in personal samplers operated by batiery powcred pumps and
worn‘b_v the employees. The filters are contained in plastic filtar

holders and are suppartied on pads which also aid in coatrelling the dis-

tribution of 2ir throuzh the fiker, To yiceld a more unifonn sample

deposit the Nitter halder face caps sheuld be removed,
Muuatim Saophe

The mvunting mediuny used {n this methed is prepared by
dissolviuy 0. 05 g of matulazine filter puer ;111 ol 1:1 Qolu'.:c.n of dimethyl
phthzlate and diethyl vaalute, The index of refractiua of tne medium
thus prepared iz.. Np *® 1,47,

To prepare a sample fer microscopic exanination, a drup of the

mounting medium is pliced on a freshly cleaned sizacard (25 mm x 75 mm)

microscopic slide. A wedge-shaped picce about 1 em x 2 em is excised
frowm the filter with 2 scalpel and forceps and placed dust side up on the
drop of mounting solurion. A No. 1-1/2 coverslip, carefully cleaned

with lens tissue, is placed over the ﬁnar wedye. Slight pressure on the

‘ coverslip achievos contact between it and the mounting mediura. The

S s S s g,

Wl 4.
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) &
simple may be eximined as soon As the mount s transpareat, The uplacal

homuogeneity of the resulting mount is nvarly perfvet, with caly a slighe

background granularity under phuse contrest, which dixtppears within une

day. The saniple should be counted within two days after mounting.
Evaluation

The filter samples mounted in the manner previously deseribed ape

.

evaluated in terms of the concentration of asbestos fibers greater than 5 Ve % é

in lenyth, A micro::copc equipped with phase contras: optics ard a -i-m_m “-Z;-: ‘Z;

*high~-dry* achromatic objective is suitabie for this determirazion. 10X ;’j’.; g:

: —n T

eyepisces, one of which cuatsins a Purton or other suitable reticle at the :':‘s %

level of ti fizld-limiting diaphragm, should L used. The left half of the ?’;—:; ﬁf

con

Porton reticle ficld serves to define the counting area of the fleld. Tweaty H'-: ‘i;-;"-;
fields locatad at Tandom oa the sample are counted :mc.l total asbestos EHJ 8 '

fibers Jonger than 5 P AT recorded. Any jarticle having an aspect ratio ’5 E

of thrwe or greater 1 considered a fiber. e &

The fullowing fonmulae are used to determine the number of
fibers/ml: .
{1) FEfiter area (mm2) - K
, Ficld area (mm?2) e ——
i i {(3) Average net count x K s fibers/ml :_22-29--2-1223"‘" :
Alr volume sampied (ml) .
N
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For example, assume the [ullowing: arca of the filiar used

- - 0 ) v .
was 335 mmm=, counling arca of one field uncer the Porton

At i

- hid .
reucle was u. 005 mm=; avarnge net count per field of
20 fields was 10 fibers; and sample wis esllected at

2 liters e wrinute for 99 minmetes. Then:

‘.- “»

222 Mm=- ' -
22 T ‘_.‘__ = 171, 00:) b i
~ QUi maa= <

10 fibers x 371,000 . g 5 fibers/mi S T

2,000 ml min x 90 min

Arihvncal .‘.i\:z}au:ii_

[
1

The recommendoed interim siandard, as nr.:u\i eurlier, {5 hased on _,)
the numier of as;ueﬂas fibers/ml > 5 P in lenghi to which workers are SO -
exposedd. Io maay operations irvolving the use of ashastos, fibers other .l
than or in adilition to Asbusios may Le present in the sample collacted. ;.r

Thus, situations will arise where the airborne fibers must be idantified, =

)

Furthermore, circumstances may require the idensification or difiersn- 1
tiation of various types of asbestos fibers present (o the sample,

An experienced microscopist can easily disticzuish asbestos

-

. [Qibers. However, it may be necessary at times to determine gualita- .‘._22_9931&2—

- {ibers in the presence of rock wool, glass wool, and r'nnny organic .

. __'. |
. ) }
tively or quantitatively the types.of asbestos present. Several methods .

for this purpose are given In the Appendix and others, such 3s electron
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30
microprebd analysis, may Le found in the ?itemturu. It must be emphasized,
however, tl:xa.l tie anzlyticzl procedures described in the Appendix are not
recommendad procodurss beeause they bave not been referved by other
agencies. Additional rescarch is necded to develop a:n:nytical techniques
which :r;- capable of diffurentiating between the massive and fibrous forms.
Alse, there is nead fuor mure sensitive procodures to identify single fihems
that are enccuniered in Liological samples.

CONCLUSION
The critcx;ia, the interim standard, and the method for the collection
and evaluation of dust exposures to asbestyus recommended in this report
are bused on the latest daia availible and on the oninions of experts in this
ficid. )
. Oun the basis of these data and opinioas, an irtevim standard is
recommendad Lo control werkers' exm;iures to asb...-st.os fibers at no more

than 5 fibaTs p=r milliliter, as deterniined Ly the recommendad method of

courting only thuse {ibers prvater than 5 microans in leagth and based on

time-avighted average exposures for a 40-hour work week.

The eriteria do not include desirable data apt to be developed; e. 2.,

all of the facts that should be known about asbestosis, the relationship

Letween exposure to the various forms of ashestos and the increased | BB 0021 45'1"7 \

incidence of cancer associated with workers exposad to asbestos, the
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n-me:..:p bzt 33505105 dust levels, asd minimal balth effects. Nor

is l.hcren racusimended annlyticeal tecknigus to dificrentiate mazsive forms

of asbestos from the fibreus forms although severl techrigques ave deseribed

in the Appoeudix of this report,
Rescarch in these and other areas will eontinue and the critema

rad nu later than two

and interim atasdard for asheatos will be review

years follswing the duptiou of this interiiu standird, Revisicns of the
stamdard will e is:0e8 1as necessary. It sheuld be cmnphasized that expos-

ures siculd be kept 25 far below this interim =tandard as possible until

additiors] daw hecoma available on the dose-response relationship
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: APDENDIX: ANALYTICAL METHORS

Modern anmalytical methods and instrumentation used in the idenufication
and characterization of asbestos mineruls include x-ray diffraction, aromic
abaorption spevirophatumetry, emission spectroscony, electroa microscopy,

eleciron microprobe, therinoamalysis plus the necessary sample preparation -

prociedurss 1

bl B Y

i

Iiteznal Sumized Tuechnigue for Chrvsortite

—— e A

Chryautiiz may be determined by the x-ray difiraction and intarnal

RALR R

. o
stancand technique. =

Sample Preparztion. The subatrnces to be analyzed may be

c'm.ssified iy s':u}x;:d dust samples or as bulk sumples of process maserials,
,’ Setiled dust samples analyzed for non~fibrous minerals hy x-ray dif:'r.lxc:im.
are usu-ally passed through 4 323-mesh sieve in the preparatory procedure. J:
Floreus strm::um.s. such a3 asbestos, do not have the acrodynamic prop-
ertics associated with upproxlmatel_-y spherical lirborne particlis; hence
the preparation of asbostus-containiag scttled dusts consists only in a pre-

Lo liminary screening of gross particlus followed by grinding to less than 3.5

"= 70 "+ microns. This ix uccompiished by dry grinding ih a mixer mill for ten

mibites, ] L
s | : { BB
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. grinding the" mixture is dried 3t 1100C, and packed in the sample boldes ~

26
Bulk samples may be obtained from the materials used in an )
R =
industrial proscss. Analumina-ceramie vial and mixer mill are used =
in pregaring this type of sampls for analysis. A represectative portina
of the bulk sample is pulverized in the mixer mill, as d2seritnd for
settled dusts, Ty LY .
- N ’.‘_?.J
Procedure. The ground dust or bulk sinple is first secanned c ==l
with the Jiffrnctsmeter to establish a qualitative diffraction nutern. RS
g _ T ke
This pra¥imicary asalysis will verify the presence or absence of chrys- 0.0 L'
otile ami will demenstrale tihe presesce of possible interfering ;.3
. AN
. subistiances, which are discussed {n a subsequent section, Chrysoctile 0 3
-y
A vk '1:::2:
is confirmed as present by comparison of the sample's qualiative pat- e {3“:-5
. ' . o
tern with that of the pure mineral. If the patiern is found, 2 rough Ll ;"“)
.:-.‘l- hr-m
: ' . st T
estimation of the purcentage of chrysotile is then made, . . =z
S

" A mixture of the dried sample and the aquamarine, each

weighed separately, is prepared: The combined weights should be

approximately 1 g. The percentage of aguamarine in the mixture should

be approximately the estimated percentaze of chrysotile in tha sample,

The mixture i3 thea wstted with isopropanol and ground in a mechani~

ally driven boron carbide mortar for 15 minutes. After this final ';"3}3‘663? 457 |

-
- - - s o o
-

of the diffractomctar for amalysis.
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The ratio of the arw2 wder the aquamarine 3.25-A peak to the aTea
undes the chrysotile 3.83<) jnak is computed from the digital prirt-cut ‘
record. Baslgrrund corrsiihoy are applivd to detarmine the net arca ef
£ given pealn The aveToiy it uegTound count, caleulated from tha values
provided over & fixed internl wnending on each side of the difiraction
prak, is used 10 calculate the el integrured Dackground correcticn under
the diifruvtion peak.
With the siaadird var 2 2alen as a reference, the ratio of che
weight of aytumarine td L3¢ wyar of chrysctile is determined. The per- ¢ .'f-f")s
. ' —i
centage of chrysctile is ¢o x4 from the rativ of aquamaricz o el
. = 3
e chrysctile, the weight of the Z.ut sample, and the weight of the added
P -
. aquamarine &5 follows: -
(A x 110/ x R) = Chrysatile ,'
\Where: A » weight o ujuamarine ;
§ = weizh! u sample :
R = rutiv of ujunarine to chrysotile (by weight) - )
as reis Irom the ealibration cusve Sy
Standardization. A Bric.lian aquamarine i uscd as the internal | d« ;tj
Ak * .“:_P
staadard. The clearest porwor of this mineral is selected for milling, ‘
and the ground material whick ;n3yes through 3 325-mesh sieve serves 28
the source of internal stancdi=Z In our laboratory the sicved fraction of
te aquamarine wis sized by eln:tron microscopy; 99% of its particles . -"‘.'\ ,:5 __!_
- - 00 '.2"_,.-’-. r
fo- : ’ ) \‘_- - - : ° i
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measured 3 Qv or less. The ground chrysctile used in the premration of
f

the standard samples was alao siced by eleciron microscupy; 097 of its

fiirer Jengtins muedzured 2. Slu or less.

The standird curve is obtained by applicatien of the procucure to

a scries of mixtures of aquamarine and ehrrsolile. This series iacludes

weight fmitics of anquamarine to chiysotile of 0. 5:1, 1.1, 2.1, 3.1, 4:1, '™ .
and 3:1. Each nxix:;re. in approximately 1-g samples, is mixed jio tia
null and finally grp&.d & mortar, as ceseribed wider Precedure. The
ratios of the inteasitiss of the Aquamz.x.-ir.e 3.23-A peall to the chrysctile

2.63-A peal: Lah corrected for background) ave plottad againss the weigld

® .

ratios to oltain the stundard curve. Each piotted ratio {s the average of

,.
fatd I TP |

AR W T

thrue to five rf.-p'b'cate packings and scanniags of each misture of sazpl:

and internal staadird.

External Standam) Technirue for Chivietile. Amosite and Crocidolite La

These types of asbestns may be determined by an x-ray’

difiraction and external technique, 3~

Proctrdure. The substances to be azlyzed are classified a8

- settled dust, bulk saiples of process materials, or airborne dust sam-

-

ples. The preparation of asbestos-conz2ining scttled dusts consists of a

Preliminary screcning of gross pairti;:les followed by.grindlng to fibar

N
lengths of less than 3.3 microns. This is accomplished by dry-grinding e \
-

i . . ‘ F
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in a mixer mill for ten minutes. ’\, s 'o/ p
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- Bulk samples may be derived from the starting materisls,
iutem;mh:uus or finished pradocts encountered in industrial
processes. A represcentuative portivn of a bulk sample is
pulverized in the mixer mill a5 described for settled dusts.

The techaique of mouating represeniztive portions of dust
samples ona moleculzr membirane Slter has becs descriked by
dalvitic and Brewer,d For this purpose, o known weight of the _
finely cumminumui s.":mp'.e is suspeandad in 250 ml of water i 2n
MCA volumetric flask. Proper distribution of the material in
water is insured by uso of 3 wetting agent. Then thé samplr,
w)u‘cb; may include agylomerations, is dispersed with the aid of
2 s;nau uliraconie bath. Au aliquot of the thoroughly ag-it:ued
suspension, contzining & known amount of the sample, is filtered
uring 3 moleculir membrane filter. This method p;-ovides a.
sample of known weight on the BSlter, This techaique bhas proved
to Le applicable to dust samples éontainhtg asbestes fibess whose
sizes arc of the magnitude described in this paper.

In-plant samples of airborne asbestos collected on membrane
filters are :malyze& withc'mt size reduction. Fro;n fiber 5:z0 meas-
u;rcments made at this Incﬂit.y.' the range and the mean values have
been determined to Le.of the same order of m.agnitude as those of the

asbestos standards used to calibrate the method. . \

.
-
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In-plant samplos of airhorne 2shestos fibers collecied on membrune
fillers mas- oot be enifrmnly distributed on the filkers. Az a uniform dise
tribution of the fibers is required for this procedure, an evan distribution
of the collected fibers is obiained by removing the sample {rom its crigi-
mal filier and redepssiting it on a secomd filter, This is accomplished by
placing the original Liker somple in 8 test lile cuntaining 2 few drops of
a suitable warting ageni and sufficient water to cover the filter. The test

tulae i3 then mmerzed in an ultrasonic Lark fur five minwes to remiove the

-

D NOT-COME FRop
c.' .

A I .
INDUSTRIES, | BE AUTHENTICATED

dust deposit from thae {ilter. The original filker is then removed from the -“'?2 }’ {
ey L
test twe and the susjended dust is redsjadited on a second ilter using —
r;..-:-.' .
the technigue Jescribed above, This is also a convenicn point to aliquss  F-f o7
e . I -
heavy dust samples, -
The membrane filter with the aliquot of dust adlwezing to its surface f;:. Co
is mounted 1n the x-ray diffractometer. A qualitative sczaa, usully at C 3 \j
19/mia, is run on thke sample to estabiish the prusence or absence of E:;-' Iffl’;
L <o
ashestos minerals and of pagsible interfarences., fome
[
The area under the major diffraction peak of each asbestos == o=
mineral present in the dust sample is determined in order to calculate )
the weight of that particular form of asbesteus, If the major diffraction
penk is alfected by that of anothe‘r mineral present in the cdust, thes the e
. ) -~ 58 0
second most intense peak of the asbestos mineral Is used fora ‘ l_-




e

4

guantitative dotermisation,  For determining the arca of 3 peak, the'
ditfractemeter §» ¢tarated at 4 low scanning sp-2ed (0, 29/1nin) and 2
sht combiration f 19 beam 2lit, medium Soller slit, a2nd 0,29 Jusector

slit, The aren under the peak is cormputed from the digitz) printeus

‘record, Background corrections are applied to dutermine the net azea

of 2 miven peak, The average backpreurnd count calewlat.d froma ‘.‘i::mi
irterval extending oa cach side of the diffraction peak is used to caloulate
the totkl intzgmied Lackground-carvection undor the difirnction peak,

The net urea of 2 given paak, eomputed {rom the printout dawa,
is referred to a s1andard curve relating peak area, expresszed in counts.
to the weight of the appropriate asbestos mineral, expressed in milli-
grams. The Iatter quauur.) is the amount of the mineral represented ic
the aliquot portion of the anralyzed sample.

Standardization. Pure asbestos minerals are used as the externai

standanis. Becauase sunie composition differences do eccur In ashastos

minarzls of a giverwr ¢class, the standards should Le obtained from the.
same or a siinilar source as that of the asbestos present in the dust
samples.

The mtnerals used i'n es.mblishlng the standard curves are t_reated
as describeci in the Procedura.. In our laboratory thése prepared

minerals had fiber lengths less than 3.5 P for 99'.‘6 of the amasite 2nd ..---
* ‘ ‘

————
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crocidoliti fibory and loss than 2.3 Ia for 997, of the chiysotile fibers, as
df.-temin::d by an Q’.-.-c’.ron niicroscopic siziuyg proecedure, 1
A 50-1ng quanzity of cach of the pulverized asbesios minerals is
placed in an indivizsial 230-ml, MCA voluawetric flask. The suspeasions
are prepaced as dua;nb-:-dl for the duet sianples. Aligquuls containing one
to tu=a myg of & gl oo ashestod standasd are remored and traesfereed w
tdivwival meabisnay filters. A separate serizs of thess 5ta.nd;ru.is_ iz
prepated for eaeh mi_r.-.-ml. I .':‘g
't" e -
The majur (or primary) diffiuction p=ak is eountud to duteriaine 'E’“: »
the area, The nzt apea, atter correcting for backyraind, is reported in :e.:=
counts. The relativaship of the weight on the filier to the arew wndara ‘ -
gven difiraciion r-..:: iz a iinc:nr function, The plowting of counts aed mg ' ‘
of mineral provides the s:amiard- curve. These standardization data are 'c :
obizined from replicute analyses of the filter-mounted standapds, A set :"_L ,3_,
of three filters is prepaved for each concentratica level of each mineral, Ll::'" :_
s
The total aumber of acalyses performed for the standazdization of the ‘% \%;:,

me=thod involved two to three determinations per filter. These ahsolute
deviations, represensed as milﬁgnms (mg) of & a;i-pecIﬂc mineral; were

_ uniform -m'er most of the us;'lblc range of the mcthod. The relative
stundard deviations were as 10llows: 1.8 to 5% for 1 to 10 mg of chrysetile,

2 to 5% for 1 to 8 mg of crocidolite, and 2 to 5.5% for 1 to 8 myg of amosite.

. . : 1" BB 002146
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On the hasis of these €322, the working zungees of the quanzizative method
i . -
are 1 to 10 mg of chrysctile and 1 to 8 my of erecidulite or anwesite if R
the deviatiung are to I held withiu the indicuied limnits,
Infrured §;ectroscan
Infiared (IR) spectroscopy involves mixing u dust san.ple with .
potassium bromide 10 m~le a pellet which is inderted into the IR §ec-
trometer (v ohtitin aspectrum of the sumple compoaents. Frera this
Specirum ohg can idamuify the wajosr dust coinpLrents. w3 ‘-‘g =¥
. o
Methed (Qualitutive), A 0.3-mg dust sample (grouad so that Y,
greater thas 07 of the particles arw less than § pin diameter; is . ﬁ: ”\3
. LT
o . N
mulled for 3 minutes with 300 myg IR quality petassium brontids until _— '
. ’ . =
thoroughly mixel., This mixture §s pressed in a 13-mm die jor five - g ~
minutes at 23 tous prassure after an initial five minutes of eviasxtion. L T
A clear pzllct about 0.79 to 0.83 min will result, This pellet is then b =
placed i the Instrumost and scanned from & to 20 microns. From the E g
i 5. OO
resulting sp2ctrum one can identify the usbestos constituents, = =
Method (Quantitative). Although this methed hus not Leen used
for the quantitative determination of ashestos components, experiments
huve shown that 10 hicmgnms of quartz can be dotected 1o ==3x scale
expansion. Ina 10 myg sample this is 0.1%, seusitivity. Oaly under
Y
- . —-_’-,--"'\
certain conditions cwuld asbustos minerals be quantified. ---é'é"'é’d 21464 1
. . l'_- o~
“oF - .
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i The IR sjpecirophutomatie inctizod must be used with great care for
thes identification of specific forms of 5shestos vleursing i nisteres, The
i spr ctra of varices _x::im.‘-mi dompunentas may overlip and make individuil
wacrtificution very difficult or impossible., ‘This mathod is nal preferred

for quantitative analysis,

- — v e

. Diseruetdl Thermal Aralvsis of Chmvsotile

The tmplication of chrysotiie as o causative ageat in cert2in tyes

o prewnovaniteis hag resulted in the appeamnce of aumerous mathods

P,

¢i anulysis (Loth guuzitutive and qualitative) for chryszile. One of theso
sethuds iz dilferentie] thermal analysia {DTA).
- ] The relatively simple DTA experiment mezsales temperatusre
b ditfzrence hetweean & sample and an lnuﬂ: refercnce miaierial as both are
heated or cooled at a uniform rate. By indicating the gain ;:r loss of heat
"from a system, DTA significs when a component undergees a physical 5‘-: Y
change such as fusion, sublimation, or vaporization. Since these phys= £
ical chanyes generally occur at different tempuratures, a unique Lz
thermogram can be obt-ained for most thermally active materials. -
While th; p;inciple behind UPA_ has been known for & long time,
it has only heen rec':r.ﬂy that ac:-:epmblé thermal analysis cquipment has
bevome commearvially available,

-
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Conseiuently, the DTA techrnique will undoubied)y Linprove with time,

A large nunleer of chresotle sampies from various locaisns throughout the
warld have alreidy been characierized by DTA6°9 This technicque has alseo
been uses! to Jeieet thie presence of cheysotite in filled resins, 10

DTA is a welatively simple technigue especially aprliicable tu santules

Contiaining @ zinghr mincral. lowsver, Gilfisuitics arise whes multi-

Cotdspeetastad SOLT ke aPe i by aralyzed, siace the unigue thermozrams of

trelnvideal conupetinenis tiay ast be difi

crastizied,

=T B66
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Aanle Abe ceptien Specivaphotin.etry SN
= ad
e Anizireit estinuition of ehrysoule may be made by unlizing the  few U
. » - . - -;‘.}: ' ’ ! 1
d tenination o asgiesidm in choysaile-tueazing sawples by means of E:r- R
Aioide ahsorption spectophotomet oy, - -
: A
Chryaatile ashestos, 3 hydrated magrnesium silicute,’ is readily G f
brokea down by minvral acids. On acid treaizuent the combined magnesium f;? il
is disznlved cut and can b determined by atomic absorption, _
I the gencral {orraula (IMO 2Si0; 25,0) is used for chrysotile, — —
. o O
the theorwcical magnesium coentons is about 23%. With this information = =
ard the magnesium content of a given sample, it {s passible to caleulate
. the approximate smount of chrysotile in the saumple. The assumption
. wuuld have to be made thit the sample contained no other m2gnesium- I

g
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Learing cumpounds other than chrysoule. Most of the sumples analyzed

to dute have been airbome particulates collected on membrane filters.

Samu.c Treatment, To the membLrane {ilter sample in an

acid-aleaned Phillips beaker s added 10 ml of €N HCL. The sample is

then heated wn a hotplate (1309C,) for TUN 30 miautes to torally break

dowa the chorsotile, The resuluing solutie: [ i3 transferred to suitable

volunietris ghiasware and adjusted to a Wodown volwue.

Awalvais, The magnesium come(: of the sample is determined . sy s
by atemie ahsorimspecirophotomeat ry. bozl; single element and
miulii —elemient hollow catleda devices huve bween used to producs the e S
Mt 28524 reseuance m:;- which is uscd for the analysis. The percent
abzomption ::t this lne {s used to caleulats the magresium content of the
samples.

Aquicus swandards ame prepared {rom a stock solution made
from a pure wmagnesium corspound and 2 standardization curve is run. so, Ll
The range of the method as used 15 0 to 2 };g of Mg per ml of solution. oo
Each standazd i5 0.3N {n HCIL. ‘

Tha ahsorpﬂo-n for unknown samples is nfe&ed to the standa.ﬁ
curve. The magnesium. contant in MG per ml_ is dete::mlned. and a final

value for total maynesium in ti:e' samples is calculated by using the

—"’.. B
total volume figure for each sample. - - R 21462 -
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This methul has been used prm;ax;ily for small sumples (0. 2"'/.1.;')

t -t

ohtained by usinyg pevsonal samplers. large samples reguire such
dilution that éo:xsidcnh!e ervor may be iutreduced by dilution factors
alone,

1t mu-:it Le emphasiz..d thut this method will only determine the
magmesium C‘-')!-‘Ih‘:'.t of the sample. 1t does not dstermine tie parent

compuiand that comains tie iaamesivia, whether it Le maguesium car-

bomue or one of the types of magnasium silicate. In the analysis of an o

ualmown sampie, the Jubicus assumgtion would have to be made thas
chrysaoiiic was tive only munesiumy compound present. At best, this

method provides oaly an idlirect eatimation of chrysotile.

'
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Hay 1, 1970

Recomseaded Criteria snd Iaterim Standard for Prevention
of Asbestosis

nlre:tﬂ. m

1. Inglesed for your review, coasideratioa, azd diszasicion (s
a8 docuzent oa the above zudjece, whizh was approeved by all e
one xio=uer of tho Eeview Comicteoe oz Ashestoa.

2, This Jdocuzeat =13 prensred accordiag £o the preceduzes as
outlined to you previcualy ead {nelused the f3llouiag szops:

a. A rourh draft was prezavod by She “workics com=ittee, -
emaporied of several Buteau pevsoanel,

b. Tha vengh drair was revieved by tho “intermal review Ll
cormittee” in Jaly 1589. Extezzive revislouns wore cale T Wk
N and (€ wa3s Te-ryrieved during Auguss. : e

O X o

' €. Coples of the first dralt ef the proposed eriteris asd
reccascrded Luzeria stimiard wuroe ecat to tha Ieview ‘ -
Czmilive ou Asbéstos, Sestrmber 5, 1309, )

d. The Ravieu Com={rieas uet 2ll day, September 15, 1569, et - .
1014 Sroadusy asd reviewed thiaz drafz, (Saven mecbers of S
tha Yeviev Cmaittes == ix. Lizidex and Or. Hocre were not T
preswat == 2234 L4 BLSH persocmel attzaded.) Macy changes oo
wire suzgested Lo the write=¢p, adlitional data vere cLL A
prowiied, Lut there was gezsral szTeswent oa & lizit of e e
- + 12 tibera/zl a9 the stacdard. Throe pasbers of the R
Camictee agreed to supply additiscal macertsl. bis

-
1S
T

L
i
LT
5 -
L

T
NGT G

e. 4ddilocal smaterisl was recefved in Jazoary 1970, the . S""’ =2
~ docmmaat was recyyed, . Tevieved {azerzally, aad senz to o
‘oeabers of tha Revicw Coczitien oa February S. :

2
.

f. Tue avivrv Co=mittae cat at 1014 Eroadusy oa Match 6 to
reviev the swcond.dralt. All bat oas ocober agreed to a
standard of 5 {ibers/ul based on 2 tlaevweighted exposate
with & cetling of 10 {i{%erz/ml Dot to exceed 1S minutes in
suy hour for 5 sueh ;ericds per day, Dafer, Lee £3d Hoore

] wure not prasent. A few changes iz the accecad draft were
. . sugzwezed. S '
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Page 2 = Dizcctor, ECSY

g. Zaard oo leszera aod/or telephoze calls wp to April 17
to sattle say furthar dilfersonces, a third dzalit wia proe
aarad.” All tugt ons av=ber of the camittee rezffirmed
their earliar ecreccans ou tha criteria ard rocomamind
{nteria ctaadird of § fiurs/al 5 5 a ia lrogth, bescd ca
a tizc-veihied avorace esposurs aad o ceilicg oot to
excaed 10 Ziters/al for a l5-nicute peridd during ezy coo
beus mot Lo cxcesd S soch Jerivds er day.

3. 1t ts roesczazdod that the evitoria acd interia etandard
shicd rorizid dz3fz) be forvardsd through proser chacnels
for adepticsa, .

Asdgevw D, ¥osey, Dizector
Diviatca of Critaris 2nd Standards Developsuent
Buredu of Cceusdticumal Zmfety and Bralth
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