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‘ensure continuing pro:cc:ion ol ‘the vork.r.A o ) ’ . N

PRERACE

The Oc;:upational Safety and Health Act of 1}?70, emphasizes the need
for standards to protect the health o£~v§rkcfl cxpoch to an ever .
increasing number of potential hazarac‘agéthciitﬁqup;acc. To provide
relevant data from which valid critqriaviéaxcéi;cgivc standards can be
deduced, the National Inu:ltu:; for bccupatfgg{l Safety and Health has
pr;jcc:ed a formal system of research, v;th»gtfbri;icq determined on the
basis of ;ﬁcctficd indices. i

It i{s intended to present successive tcpgfgt‘ll research and

' apihentologtc studies are conplc:cd and'icnplin; and . analytic ncthodi '

are developed. critcrin and atandards 9111 bo -reviewed pcriodically to

N

.~
o
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- I. RECOMMENDATIONS FOR AN ASBESTOS STANDARD
n'r.:r-ueiaul Institute for Occupationsl Safety and Mealth (NIOSH)

_ recommends that worker exposure to asbestos dust-in the vorkplace be
concrou;gfby-nquirin; compliance with the.following sections.” Control
;t vorht ‘.;prnun to the limits stated will prevent-esbestosis end more
adcqiuﬁgly guard egainst asbestoe~induced necplasms. The standard s
mub;c.;io techniques that are valid, reproducible, and“ovu:lablc to
industry and governmental agencies. It will be -subject to '_u'vlw and

will be tavised as necessary.

- Section 1.; Environmental (work place sir) .
(l) Concontution - e N T
el bccuputioul exposiire to airborne asbestos du:t mu bc _

R cont:oucd lo tlu: no worker .mu be exposed to *utc thu 2 0 asbestos

Ve . Ly

ﬁbcn fc: cub:l.c centimeter (cc) of air-based om e- f.wnt Ut !Lbcro
greater -than 5 aicrometers (>5 )m) in length ((doton:l.ncd by tho nn-
brane filter method at 400-450X oagnification (& -unnu: ‘ébjective)
ﬁluu' g:on;‘:agt illumination, as described in Appendix-I)), detérmined
as 8 ti.;:\ui;htod average (TWA) exposure for an 8-hour work day, and
no peak concentration of esbestoe to vwhich vorkers are exposed shall
exceed 10.0 fibers/cc » 5S_um as determined by & kinimum sampling time
of fifteen minutes. - -

(b) Sampling

Procedures for sampling, calibration of equipment, and

uulylu_ot asbestos samples shall Se as provided ?n Appendix I.

(c) It is recommended that this Section I become effective two

years after promulgation as a standard, and that until the date of
-1
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publication, the present emergency standard for exposure to asbestos

dust .(29 CFR 1910,93a) shall be in effect. This period is believed

necessary to permit installa

[k PR
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tion of n

A

ecessary engineering controls.
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_work ekperience because of the prolonged latent period Fequized for thes™ =

" devalopment of asbestosis and neoplasus.

Section 2 - Medical
o Medical surveillance 1is required, except where s vatiance from the
medical édiﬁiécncntl of this proposed standerd have been granted, Yor
_nllivorkcri*bho'nrc exposed ‘to dsbestos as part of thel¥™vork edvitonment.

ror‘purﬁolc; of :h%a requirement the term “exposed to asbestos” will be

interpreted-as referring to time-veighted sversge exposutes abova'l fiber/
¢c or pes ﬁxpolurco above 5 fibers/cc. ‘The major objective of such -
surveillance will be to eansure proper medical managemant of individuals

who show evidence of reaction to past dust exposures;-either due to

excessive sxposures ar unusual susceptibility. Medical ocansgement may range -

from recoun‘nd;tionl as to job placement, improved work practices, cessation >}7
of smoking, to specific therapy for asbestos-relsted disease or its tome a
o . > . ‘.:}',‘%
plications. Medical surveillance cannot be a guide to .sdequacy of current ”
: . . " TR - T

controls vhen environmental dats and medical examinatfsts®sily cover recent

Required components of a medical surveillance program include

periodic measurements of pulmonary function (forced vital capacity (FVC)),

and forced expiratory volume for one second (PEVI). and periodic chest

roentgenograms (posterc-anterior 16 x 17 inches). Additional medical

rcqui:cn;nc components include a history to describe smoking habits and
_details on ycse/;xpoourcl to asbestos and other dusts and to determine

presence or Qbocncc of pulmonary, cardiovascular, and gastrointsstinal
—.;ynptonl. and a physical examination, with special attention to pulmonary

rales, clubbing of fingers, and ocher signs related to curdiopulnon‘fy '

systems.
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Chest roentgenograms and pulmonary function tests will be performed

st the_employer's expense,-at least gsvery th_t rs on sll employees ;:’
exposed to asbestos. These tutrvui-iirmi‘muz to Mividul:," -

(1) who have e history of ‘10-or-uioté yesrs of uploynnt uwlvtng

o don

exposure to asbestos or, (2) vho show rocntgm:uphte findings (owah
as small opacities, -pleursl plaquaes, pleural thickon!.ag ‘pleural c.l- -

c;fica:ion) which suggest or indicate pnounocouoau or other ruction

to ubutoo. or (3) wvho have chan;u in pnlmuxy ‘function which indiuu

restrictive or ohstruccive lung disease. - ’:""_};"" 'ﬂ o0

Pnphcmn: medical examinations nnd udi.cnl examinations on tho . o

:om&u:ton of mployuu: of ubutoo upohod'vcrhn sre salso nquiud.

1-4
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Section 3 - Labeling
(s) A ugming lsbel for asbestos as shown in Figure 1 shall bae uged.
L) (v) Numriu'l designations indicate the following:
(1'.).__6_- Health Hazard (color code, blue). Inhalstion may
cause ubu;_olila. p;qqul or peritoneal mesothelioma, or lung cancer.
(u.) O- Pire Hazard (color code, red). Asbestos is non~flasmable
and has nogligiblo vapor pressurs, volatility, flash ‘pbtxit. and explosive
lintts. o o '

(¢) The details of the numerical hazard rating system are found in

Appendix II, N -

[T HER 000911



HARMFUL: May Cause Dalayed Lung Injury

(Asbestosis, Lung Cancer).

DO NOT BREATHE DUST

Use only with adequate vcu:ill:i&h:lnd - e
approved respiratory protective devices.

X
[]
o
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Section 4 ~ Personal Protective Equipment and Clothing

This section shall apply whenever & varisnce from the standard sat
{n Section I is gr;nt;drundcr”proviaxon449f the Ogcupational Safety and
.Heslth Act.* Use of respirators can be decided on the basis of time-
asbestos dust y:ol.q;ibod in paragraph (a) of Section 1 cannot be mst by e
limiting th: conccé}ration of asbestos dus: in the work eaviroume.:t, an L
employer must util&li-%l provided in subsections (a) snd (b) of this -
Section & program of respiratory praetection and furnishing of protective .
clothing to effect the required protection of every worker exposed.

(o) R‘ipitaféti‘?rottction

ay For the purpose of determining the.class of respirator

to be used, the cspléy.r shall measure the utuoobhc:ic.cpuc;nttltton of TEENULLo ) Tiet
uirboknd‘inbchto;,in'thc wvorkplace ubnnﬁch!_;ni;ia;ﬂappliqption'tbr vcr:nnno“‘ﬁ"i}j

. .
A

1s cade aad thereafter vhenever process, vorksite, climste or control VLY

changes occur which sre 1ikely to sffact the asbestos concentration. The 'l ii.. "l
exployer shall test for respirator fit and/or make asbestos messurements
within the toupirctbry inlet covering to insure that no worker is being
exposed to asbestos in excess of the standard either because of improper
respirator selection or fit.

(11) As noted sbove, the use of respirators snd protective
clothing can be roidod on the basis of either time-weighted sgverage
or peak concentrations. For determining usage or complimnce, the peak

—

.conccnt:ation of 10 fibers/cc ia preferable.

‘*Varience procedures will not be required for emergency and occasional
‘short-term exposures in excess of the environmental standsrd. However,
ths use of respirator equipment as indicated in zhis Section (4) will
be required under conditions in excess of the standard.

1-7
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(11) For an atmosphere coataining not more than 10 fibers/cc
greater than 5 pm in length over an 8-hour average or more than 50 fibers/cc
over any 15 minute period, a reussble or single use filter-type air-purifying
tespirator, operating with a negative pressure during the inhslation phase
of bresthing, spproved under the p;ovitions-of 30 CMR 14 (Bureau of Mines
Schedule 21B) or valveless tcopirntofn-providi;; squivalent protection
shall be used.

_’in) For sn atmosphere containing not more than 100 fibers/ce
‘greater thda 5 pm in leagth over an 8-hour nvcrigo or mors than 500 fibers/cc -
over laf is minute period, ; povered air-purifying positive~pressure res~
pirator approvcd under the ptovilionl o£ 30 CFR 14 (Buroau of Mines Schedule

-~

218) ohull be used. .

(v) For an ntnoophcr. cqneltning no:n thnn 100 fibozalcc greater

than § m in length over o B-hour Avn:ns. of -ovat 500 fibers/cc for any

pcriod in excess of 15 minutes, & :ypo c pootttvc-ptcooutt supplied air
rccptrctor approved under the provtoion. of 30 cm 12 (qucuu of Mines

Schedule 198) shall be used.

(vi) The employer shall establiah a respirator program in

accordance with the requiremencs of the American Natiomal Standard for
Respiratory Protection 288.2--1969.
(b) Protective Clothing
(1) The employer shall provide each employes subject to

exposure in s variance srea vith coveralls or similar full bedy pro-

tective clothing and hat, vhich shell be worn during the vorkin;'hourc

in areas vhere thers is exposure to ssbestos dult;

1-8
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(11) The employer shall provide for maintesance and laundering
of the soiled protective clothing, vhich shall be stored, transported
and disposed of in sealed non-resssble containsrs marked "Asbestos-Coun-
taninated Clothing" in sasy-to-read Ywrters.’ )
(111) Protective clothing shall de vatuumed befors removal. ‘
Clothes .uu not be cleaned by tlowing dust from the clothing or ltukins
(1v) If laundering is :o be dons by a private contnctor. tho
enployer shall inform the contzactor of the patestislly harmful effects
of exposure to asbestos dust and of safe practices required in the
laundering ‘ot thc ssbestos~soiled vork clothes. T L
{(v) Resin-impregnated pupor or similar protective clothng ' T
can be substituted for fabric type of clothing. b o
’ (vt) It is recommended that in highly contaminsted opcr;t;.m L -

(such as insulation and textiles) provisions da smade for 'upcuto chmo '

rooms.

K L. e -

RS Sy Ny

T
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Secttion 5 - Apprisal of l_-‘.glozu_s of Hazards from Asbestos

-Esch employee.exposed to asbestos shall be apprised of all haurdn,
relevant symptoms, and. proper. condtciou and precautions conccmin% ;uo
or exposura... Each exposed.yorker shall be informed of the 1a£omtion
vhich is applicable to a specific product or material counteining 3% or
" moras asbestos (see. Apm .,IIX» for details of information thuit:)‘
Tha information shsll be kcpt on file cnd readily accesssible to ttu
worker at all plsces ,qL»Augfoyunt whefe esbestos materials crg gfnq:
factured or used u—u;u»-ptoau.u-c and opsrations. It is :ccwd.
but not required, that -:hil -inforvation be provided for esbestos pto—
cesses and opcutiou :where:the ssbastos content il less than SZ.

Information as tpecl.ttgd in Appendix III ohtu be rccoided oﬁ‘

U.. S. Department of Labq: ‘Form OSHA=20, "lunruf s;tc:y Dets Shut“,'

(“‘ page X-3.and X-4),.or & similar fora Approvod by the Occupctionu..: g X

=
ey

’ul
4

Safety and Health Adninistration, U, S. Department of Labor.

I1-10
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Section 6 - Work Practices

(a) Asbestos ceu@dt, mortar, coatings, grout, and plaster shall be

" mixed in closed B:::&Efrbthgt containers. o o N
{b) Asbestos vasi@Aiﬁd‘scrap shall be collected_ and disposid of in

R el

sealed bags or oth.iii;qiginp%u. ’ - S

AT S

(c) - All cleanup of Aube-:os dust shall be performed by vacuum

-

cl iners or wet ple;ﬁing methads. ~N6L3§§V§;§§p1§§?;h;11-bigpiifbtnﬁﬁ;

PO . - . :

- “aa R
. R A
A Y.
- a Y
-
-
TP
a e
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Section 7- Monitoring an d Recor&keepiul Requirements

mployeu will be: required* to nntnﬁ*{ecoruwt*maromm '

A

exposu:a to ubesto- bued upon :he Eollawina cnviromctdmunpun;

T o

and reco:dkeepins schedule. Ferloul exposuu nnpln wm bc couacted_m
at least annually by ‘specific uxim-:uk worf: opencionl ma Hos! w

of - employees. The fizst smplin‘ period will be conp];cted within 180 _

dnys of the date o£ this standard. Theu selected unplu will bc

———— n RS TIEN

collected and evaluated ss both tine-veigh:ed md puk coaclntnctcn

_valuea. The person&l sampling :egime shdl bo on & qunutly buis

teques:ing of a varince from :he Depu:mn: of ubog

i 4

Records of :ha Lype of tespirl:ory pro:ection 1n uu'durmxht.

* quarterly suplins schedule must also be uinuincd.-‘f‘m
monitoring and- vecordkeeping uill be requiud only “ui:u °env1:omnul

" levels comply’ vich the standard.

It U

A S
LRV

e— -

*Except where. a variance for wonitoring and fecof&ﬁiiﬁ“ﬁf“hn—»b«nﬁzrﬁ;ed.d

B

TSR,
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II. INTRODUCTION
This report presencs the c:iteria and the standard based thereon
4 -which were ﬁreﬁar&d to neet the necd for preventing occupational disensen k

C e rv.srvv—

arisins from exposure to asbes:oa dusc. The necessary relcvan; q,ta i

are made available fo: ﬁié“b thc Secre:ary,~bepattnant of Health,

R Educltion. ;;_. fare in accordancn ‘with-the provision of ch. Occupational

Safc:y ard Eellch Ac: of 1970 xcquiting che’ d.v.lopm.n: of criteria by

., "The Secrec;xy.”nepartmznt of Health -Education, and Vcifare...on the

" bagis of sﬁch resetr:h, dennnl:rations. and: expcriman:s and any o:hnr o

'infotuation available to hin o_effectuate thc purposes of chis Act. ...,_”fm

T U R | o by providing med&cal ctitcria which vill assure insoflt as practiclblc

%~».= . : a Thc Vationsl Insti:ute for Occupaczonal Safe:y tnd Hlllth (ulosa).

T S -
y S .

chcuical and physical agencs.' Tt should be pointed out that any tecounendad

! criteria for a standard should enable management and labor to dcvnlop bet:ct ]
] - engineering ccntroll and~nozc healthful work practices and should not
be used a3 & final goal.

These criteria for a standard for aﬁhcstos dust are the first éfu

]

| . ,

! the criteria developed by NIOSH. The criteria and standard speak P

| —~ Lo
only to the processing, manufacture, and use of asbestos products

es spplicable under the Occupational Safety end Health Act of 1970. -

T ® 111
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The occupational safety and health aspects of :he nining and ulling
of asbestoe ores are covered by ptovisions of :he Federal Henl and

*“Nonbetallle Mine Safecy Act (30 US.C. 725 et seq ) under vhieh provitiou

- [
. b gz T

the Bureeu of Mines has promulgh:ed appueable regu.letiou Relevant

e et DERLTE T

e ‘ dau, however, bea:ing on :he safety: and heelth huerdl frou exposure

in this document. -

‘l'hese critetia were developed to assure that :he standatd based

s I3

. e
————+ R PG i T s f

el . :hereon vould (1) protec: agains: ubes:os:l.s -and: asbes:os-indueed
- neoplasus, (2) be amenablg to :eclmiq‘uei “that a’rc valid, rep:oducib.le'.:-:-"

" and available to Tadustry and official. agenciu "'—end (3) be a:tainable:

<with exie:ing technology. .

The recomnded wa:ax«i«td u deeigned ptimrily to preven: ubestoeu. ;

e o™ P

’ Fot ocher diseases'eeucia:ed uith .as esm. there ts 1uu£fident

g s .,: Jn A e
P L e it

_ information. :o establish A seandard :o ;reven: am:h diseuu including---

asbestos-induced neoplaem.s by any all-lnclusive linit other ‘than ome of

zero. *Vevertheless, a safecy’ faceor hu been ineluded 1.n err:l.ving at

s

:he concen:ration level that will reduce the tota.l body burden and

ahould note adequately guard agalns: neoplasums.. . .

- A.sbes:os 'hu been mined u:i.lled, processed, and used for many years,

and as a result, a number of workers have experienced significant

accunulative exposure to asbestos ‘dusc over a working lifetims.

It has been recognized that biological monitoring (by periodic chest
| toen:genog:m) and removal from Eur:her exposure ef:e: Lntl:ietion of .

v fa e Pt

ﬁ.b:onh, ealeiﬁca:ton or neopusu vill. not ebeol.utely prevent -

1r-2
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‘expolu:o. R - : Ve

'rclztiouhip exiau bi:wun dose-rateand.the. lstent. P‘ﬂ-,_“

transformations do not lead to instantanecus cancer, but remain

insidious for a, nunbct ot yeu:l (latent). ... TRRRE

In protracted - expoauu.v-m af..cha total. nccmhud sxpogurl u

“vasted” (or irrelevint).as_far.as:thecinitiator.of cancer. “4%3.?5:.*— N

cerned. Exposures "mi‘k"excul-'of the minimal »tni:iu. dose con~ .
cuvahly nay shotnn :b. 1geent~y¢:ud .C0- 80BE . aXLANL. 3:1_ substi iing
for other con::ibutin; ‘factors that ould have cvcnr.;ully bm cifectul

in converting the latent-tumor into a fnn.k'ulignmy.'_ Aulyueﬂ':' -

methods used in the epidemiology ot,ubu:wmgmggtt;l;!: w___m-f-, -

unable to discriminate between the:initiating dose and ;gubseguent (vasted) :

Considcution w.u.r. also be-given:to.the concept. ;hs:n invuu

iR s

1-‘-'-\:1

- Adherence to :huo concopu vould argue - tm:d uducm ubutu

-

cxpocu:c -ub-uatuuy below those.levils cuzrcn:ly dmttud :q

with the Surgeon General's ad hoc-Coumittes on!uluuouutnuwlh

of Envtromnul Cbcnicnr*’éateimmm: »’ﬂut;i"tot —,meinnnaie )

agents, & safe level for-man-caanoc be-escablished:by- cnlielt&ugsf
our present knovlcdgc. Fe S REILTAD CAReRR T . . e

-

Work practices {n industries should be encouraged to develop vork

p:icticc standsrds by the consensus method so that the lowest feasible

cﬁi:omnul levels can-bo‘obtiiﬁid.«* The-following~work practice -
standards are included in the emergency standard for asbestos and ere
included in the recommended standard: _

v-13

S Nt

‘be associsted with :hc'dumc. Such-a-course.of-acticn is couutcnt S
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bc u:lxed in cloaed bqu 14 other oconutncn.

1 el a kT it

(b) A.sb_u:an vaste and scrap shall be collecud and dtapoud‘ ,
in unlcd baga or o:hcr connin.u.
e «Mﬂu«wmm&ww

(e)' All clemup of ‘asbestos dust . alull bc putomcd by vacu

© heaongt Reeeireok v

clcmu or by n: cluning wethods,

N_o dry mepin; shall be =

that it would be ‘Becessary eithcr to A&vclop a upauu systen £or use

ity e Sl RAREZLE e

1n uh:ion to occupational exposures culy, or to -conbine 111 ch

P N

_prucu: lyutm into one.

R AN Rk

» ‘The- nddition of oue more lsbeling system compounds the multi--
h yi;;:lug requirement presently imposed on industry ‘and creatss
mors labeling system the worksr must rccognizc; Coabining all sys
into one requires the coordiﬁtion of many governmental, professio 4

trade, manufacturing, and international and local organizations. -

'l:_u:dn_rd, for asbastos. As a result, NIOSH recoumends as an interi

- tection Association and the Guide to Precautionary Labeling of

V=14
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X

<o

e Sl ade-)
- -

Hazardous Chemicals of the Manufacturing Chemists Association,
" It {s recognized that this lyuccﬁ.ﬂy not be ::_ixo,mi: appropriate
system and iny require additional dmlopncnt to.permit_the worker,- o

himself, to use {t to idcntify the qurdl to vhich he 1is upoud

and to learn the necéssary¥ ptcuu:im ‘5 assure him safe vorking )
R T ST AR - -
conditiou. (Sae Ancndu II tor thn dcnils and nodﬂiution of
the mcling lyun). B DL U
- L M) R ,
- N B . - " o
e L ] T e T e T
e s e L SR 3 T i
o A PRPR o R R a R AN
- 3 TR PN
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ot the Basis for the-Recommsnded Standard

The zTecommandation for: anneuvirunnaatal standard for nobcatco is

r mu,c"‘?

) i ba.nd upon _ henlzhuconsidtrttians lnd”linitcd engineering fclntbtlity

~da=a. and thc present: ltlt‘-ofﬂth0~lrt“” >It is. rccqgntzcd :hnt Addttlanxi

i dtta would bc _dasirable.to. luppottwln~aab.cto‘ ltnndn:d but bccnunc ot

conn:rnin:s Ln,applicability o£ retcarch data vere considered in :hc

‘ttl. "The ovcrriding con-idcrutt ' ’*:hu health etfcct-.‘ ;_StéwuaA;

Evidcncc indicatcu :hn: pcat lnd curteut l:andardo for fibcr :‘ :

. conccntrationn in the votking pllcli hctc ashestos fibcrl ‘oceur, :hnugh

undoubtcdly can:ribu:iug»to rcduction of :hc lovcrity cnd fthucncy of

innodit:c ncc@ for. vorker proccction. tevin uccooolry :o nakc s

reccnncnda:ton .based on avuiltblc ltudict-ind data. Thc follcuins

-

dcvnlopnnn: of the rccownendationo. o

- (a) Pew .pidcniologtcnlwctudios-ar clinic:l reports wvith :uppcrtin.

/cavg;pangg;nl.d:gg,;:.?avnilablc;in Eh@-exposure range that must be

A

°°“’:§.t¥‘d'» P R T RS - R e

' (b) Eavironmental data on-practically all studies were collected .
on;! over the last.fev years and/or-they:wers collectad by othe;"
techniques and expressed in terums o:hcr than‘fibcto/cc.-

) -(e) The environmentsl samples wvers cxprenlly collected in many cases
for control purposes rather than for rco.lrch and. 48 a resulc, ncnningtul

evaluations cannot be made.

. - V=16 :
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-the :h:eshold of developnant of neoplnans rasulting from expoaure to
".asbestos - and :he relationlhip of :hc lntent period betveen exposure and -“ﬂs¢;~.AA

.develoynan: of ncoplllns.

‘of prudence. A: a recult of this ra:tonnlc. fnctot vn. addcd to e

‘includcd :n reducc thc poalibility of- :he lhort—:otn hc:vy cxposureo to.

-aabestoi t

periods. ) : ) R

(d) There ts a lack of data to define with any degree of precision

ke o

A SE—

econn‘nded 1n :hil docunsn: {s sinilar to the standard~:: TRSTTL

",..,:um.qu-

adop:cd by nc: Hajasty s Pactory Inupcc:orncc in 1969 ‘(still in effect. .

as of Decenbc' 29. 1971). and more s:ringent than the :ccnnt U. S.”

Emergency S:andnré. It is felt to bewfeaniblc~tcchnologi:ally for thi o

control: of tht exposute tovthe vorker and eftectivn biologicnlly for "

pro:ec:ion ot :ho wvorker aglina: n.bcl:oa-induccd disesses.’

Conaidetltions of carcinogenesis’ 1nd1c:tgd :hs necd fot 8.Deasure :Aaj‘.

Ca e R s

reduce the :1un-vcighted average cxpocutc to 2. 0 £1b¢rl/cc>'5 un., AA,.;*7TYL

ceiling valuc of 10 0 fibera/cc) S um- :hl: Hll no: to bc cxcneded vas

vc been reported :o caulc nacothclionn In nddition.— .:

this chould rcducc :hc likelihood of dilcascl (malignant lnd non-nalignant) o ;% f;l

resulting frcn cxpoaure. in excess of 30 years or with very long latent - '“::jgﬁﬁwigf

Iy e o e 1 ¢
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B wiu be mumu to asbestos mu, ‘mills} building uructutu. or o

:ho use . commarcial asbestos; buildings or utuc:um which’ hm '_bm

\o: will be ccustructed or modified using asbestos muht:l.ea producu.

. Lnelucun; health .tfuc: levels, nuorologz. :uhn!.ul mlyau et'-conttol
: caynbm:y, nnd ccuidouuon of. .conouic ia;ue:. The Wc‘iﬂdﬁu:

‘ lpcciﬁ.e opcuticu and physiul ccnd:l.tim and ars liniud

"to mininize emission to the stmosphere. EPA deternined thét thers

VI. COMPATIBILITY WITH EMISSION STANDARDS

Tha proposed national eaissicn standard for asbestos vas published ™

in the Federal Register, Vol. 36, No. 235, pages 23422343 (ab'cn 61‘.';20-":‘:;::‘"
61.24) by the Envircumental P:oucum Agncy. “The uiuion ltlﬂdltd

‘-Avm Locc et

- heiutiu vi:hin vhich mfu:zuring or £abticaung cpcnum anol.vﬁig,

roadvay £ac1n:iu vhich vould be surfaced or resurfaced using’ ubqgu
‘tatlings, A

The standards are based upon iaformation duri.vcd from =any- lontm.

considerations ‘are hul:h effacts. ‘tix' 'l:m{uds nro bum npcn

to esissions to _the atmosphere.
1. Eaissions shall not exceed those which would e ‘¢ dznd

from operations if proper ea;inuring control had beea Lunlhd (:l..c. ) |

fabric filter, cyclone gas cleaning devices). e

2. Visible emissions of particulate™ e,

3. Spraying of asbestos

4, Use of asbestos for surfacing or resurfscing of rosdss

The use of yioudurcl standards and visible enissicis as the "

basiF for evaluaticn for complisncs with the standard are designed -




: v'-u-plu ud«cmmrhwum‘dc:umu uc.hntqw ltl.th: :o
" industrial hygiens. m:noa»au anm mpmu nubcn of men

is no suitabls- uchniqu for: unpnng nd mlysu of ubu:o. in
nbunc*ur»‘cr*nhun{uu.mxhh dc:cmuciu vu luh -a8 anly
1imited: Momuwm"buu dmhpod $zom- mriu ﬁ.bm h

cuunity -aly, --The:use: cf«hi;h»velwtnphn for«eo.uncucn ol-_ R

in urban-areas,®?. < s »
-1t was:felt: that: utmﬂho wou ~1¢v vhcn eapnnd to oe:upaucul

health cqntimmd uluu :o Eﬂ tm use vi:h ccnfidcne..“

.As-8 :uult :hcrc u 8o dtrect cupsmu ponihlc bct\hn :h. ' R

m Illinots Pollu:ica ccn:m Boa:d on. Nombct 3o. 197170
pnhlilhcd a nouc. ot propoud fiul draft of emiseion ltllldl.tdl _
for asbestos that can be zore’ euuy related to the recommended occunu" 1
standard then those ptopoud‘jby EPA. Illinois includes s provision RN
that, "After June 30, 1972, & factory, plant or eaterprise vhich

sugeges ia the procassing or mufacturﬁ; of any asbestos-containing
product shall discharge no vigible emission of particulate mattar '

from such manufacturing or processing into the mmbient air and uhdi

ealt no conceatrations of asbestos fiber in excess of 2 fibers per

cubic centimster of air.”

Vi-2
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_‘oi the ptopoud’ nlinon tssuluiou they states  cem T

The msthed of counting the asbestos fibers is thet proposed by

- Edwards st al‘.n mdvomlar -to the technique proposed in Apmdi.: I of

:hu rcpott. 'rhh ptapoud I1linois standard places a cd.l:l.n; valua

of 2 fibers/cc on u:.utm from processing on mufu:utiu of
asbestos conuining pmdneu. In the. expl.m:ion of the temion”

T

"y, Pu: v, controlling muiu:uting sources, is
chinged to requirs an enission st mdard of 2 fibers po:
cubic centimeter and no visible emissicns, While scme
:utﬁuu.y -{ridtcated -the difficulty in measuring compliance
wvith a oumerical emission standard, overall the evidenecs ~ -
establishes both the need (protection againat the greaat
... proporticn of “{invisible fibct) and che ease of nsasurement
_ of such & criterion. A "po visible enission" standard hex
bean idded to-the numerical standard to simplify enforcement
. against-excepticnally dirty emission sources. A gracs pariod,
o until June 30, 1972, has been added to permit scquisiticm -
' of the ncceuu'y control nquipm: zo qt:un thc -iutcn -
Auundud...._,_ o

et o

mu ur quali:y sma:e 1s,. a‘n .houu b.. zore tutr:l.e:in mz, L

an occupauonal o mda:d du to ditferencu in ex;onu :m.

'l'hu ptcpoud oecupatiaul nnndsrd would ucl cu bc npa:ibh
with :h. ptopoud emission uandard nd each should. eulplmt ‘the R

other in :he muol of asbestos exposute. .
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. S

from 1946 to 1970. This lintc vas based on the study by Dreessen
et 11.63 and subuquent 1nvestigatioua by othctl. In 1968 and 1969,

B ‘ ) -Acclinp;xl-:lishcd noticu of 1ntended cmgu to lov.t :h. TLV te 12
- fibcrl/nl>5 )n in lcngth or 2 nppcf and they publilhod in 1970 .and. 1971
- Ty GESIEREIRNE socome. L
a uill lover lin:lt of 5 f:l.ben/nl )5 ;m in length s no:ice of propoud

o SRR

" innndcd clnngn. The convenicn of dan fron nppct to fibero/nl 4n .all

T Gndei am AT e VI 6 oo i e

ubutoo opentionn can only bc dune vith ccnudu‘abh rilk £o the validity . ..

.of the re:uiu. Lynch et al. 642 pointed out in 1970 tha ‘need. for. such

[ e T T e 61~

convotlion da:a “and. cha: :hc data reported 1n 1965 of :ho 12 fiber/ml

R RS e

equivnlcn: to 2 nppcfv relationlhip was obcained 1n text:llc mills and should

e ... 6oL bo gppliqg to othez ptoduct arean. Bstinltco

fays P ]

s other product areas should be ‘based on fiber counu linc. thin mthod yilldc
- “AW e £t vﬁ.# -
. a‘more dizect u:imte of aitbome ubutol conca:ntion

| ‘ ’ o ;wmiiom iykim Society (aoas) afcer revievtng nedicnl cvtdcnu. tuultl R
of atuc{u: t;a:;emby che ubél:on indua:ry in the Uu:ll:od Klngdcn. and .

epiduiologicnl J’a:a from che ‘United s:atu. pubuohcd ayzicnic s:andatd-

Paei - S S BT e e s

" for Chryootiln Mbu:ou Duu.sz It stated:

LI

", Ac long as thera 1- any aitbomc chrysotile dust in :ho work

SR

. envizomt th.u uy be some smll risk to hulth. chetthchu. 1t

e e - a2

should b. ruuzcd tha: expo.ute up :o ceruin umu can de tohraud

for a lifctiu vi:hout 1ncutring undye rinla.
“‘.""2. ‘nm cmit:u believen that a ptoplr and rmonnblo objective
" would be to r_edgce the risk of contracting ubutosh to 1 percent of

™ . those who ‘have a lifetime's exposure to the dust. By 'asbestosis’

V-5

j‘._ ,cr"_?;- \‘-ﬁs%‘ \-w_ e e S e L

) rilk ot diuuc in .. .
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area an approved naakéahould*bc“uoru:*prévidhd“tﬁit“tﬁe*cb@ceﬂtrltioﬁ

:his committee means the el:licat dsnonatrablc cf!cct. on the lungt

P

duc eo asbescos.

Tamat

"It is probable that the risk of bcing affccted :o thc extcnt

- o

of having such eatlywclinical signs uill be less than: prgxccnt fo

accunulacod exposure of 100 fiber years per- cn3 ot 2 tibcrllc33
“tor.SO ycarl, 6 fibcrs per- ca3 for 25 years o: 10 fibcta per cns fo

410 ycnrt. o A‘ e

. PN ,_Qw_,.,ﬁ‘..
c e IRV

J; "3. It 1s recommended that -exposures-which=Tte-id-Certain ranges

of duscinesa be designatod by categories according to chc Eollowin

achenc s o
‘ - - CONCENTRATION mmcxn'jom'
DUST CATEGORY N ' 3 MONTHS (!IBZRS/cn-)_
" _Negligible ' I 0-0.4
Low o QS 9 e e
ceen L Meddum ‘2.0-10.0
~ High S T Over 10,0 L TR
“4. The levels are.expressed-in-terms of -the number-of-fibers
3 )

per cm” greater than 5um in leug;h;aaudetctuincd with the standard:
membrane filter method. Any other method can be used provided tt 18"

accompanied by appropriate evidence relating-{ty-results tothose 7
Auhich would have been obtained with- thé ceandnrd*hauhrln‘“ftttst”ﬁethod

"S. When it is necessarv-to vork“ln:etnittlncly"in‘l"h!gh#&ust"

is no more than 50 fibers per cl] s -higher 'standard of respiratory”

protection should be provided such as s-pressure~fed brea:hingrapparutﬁa;7-' ;

s
v-6 5
g
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a.nnually. S

.:}"of continuoul cxpolurc during vorking hcutl :

-s:andatdl vill, if nacuury, bc uodificd. Thcu standards uu be

"Additional Recmcndauonl

"l. It is recomnded that vhere puctiubh an up-:o-dan employ-

e
el ek TR

AT SERERET e e BHEL™ s, it 3
qutter, :bc ca:egory or ca:egoriu tn vhif}: he ot,shc has been employed

and 1o which hc or ah. ia tecomgdad :o wotk. T

pests s~

"2 All enployus e:poud to risk should _udicnlly umincd

before .nployncnt. Pe:todie exuiut .ona- should b. udc thcrufur,
"4 e

4

- T e e i

"Notu .' i

[

the exicting data. 'rhcu dau are scanty - md bas .cn far::oty expcriené.

o nemE . J..‘;,..w -g.amm_u«- e

Duc uu:ion chould b. «-«w‘-"‘

"\ L  msrmERRED .
Trmbe 4 e R

ex.:ciud in applying theu atmdardn :q othct 'attcm of expocun. .Y D

far as pou:lblc tho d;xa: -exposures luvc been- ut!.nt.d conurvativcly an’ﬁ.,‘_.:\“v?

s b Sy S

in par:icula:, in the period 1933-1950 :hc avcngc

h_o__qn of work were

e 45 SR R e < s AR

aublnntil.uy 3:3::.: than 40 per vuk o ' . o

P JREVAISS ST ORI, RIS - BT
ks Y e

"Ie 10 hopcd to aupplmnc the existing dau in dus coutu, vhen the

B T T e
PRV

e st

formally tcvi.cnd in :hree yuu. *

e Ead o

In an unpublishcd papct. Hillim. Buct, md 'l'honn cmihd ‘data

Samer UL ks

from the Pemylvann Depltmnt ot Heal:hA tilu on expocuu levels at

Ttavy M ARV U4 M T Reasr L

%Ag of 1/6/72 their standards as cffec:ivc in lhy 1970 had not been
revised. Per talephone conversation with Dr. S. Holmes; Secretary to
the Asbestosis Research Council. '

v-7
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various textile processing opera:iona in two plaats. Tbcir data 1nc1udcd .

PR T

dust concentra:ioni“fron 1930 through '1967 1n one plant nnd from 1948

e et SRR MipEIA

e e A,

:hrough 1968 i’ che sccond planc. Evcn :hough con:rollcd expocurcc utrc.

“for :hc*nol: par:, bclov 3'mppcf and in nany ‘cases bclov :hc 1968 ACGIE

- ,._'_m:::» . b

Notice of Intendcd Change to .7 oppef, 64 cases of llbes:osil wcrc rcportcd L

‘from heac two aabeatoe taxtilc plar-a.- Thc au:hora concludc thlt’

B ¢ aabcstoais ;s to be prevcnted airbornc asbestos dust: munc be o

. L vt e e b

s:ringcn:ly controlled in thc working environncnt. Pron :hesc data a
TLV of 3 mppcf would providc inadequate protection lnd the proposed 2 nppcf

may not bc.oub-:antia:ed. P T T R

Fonsobiis
o

Gec andVBouhuys,ss in Decemher 1971, poin:cd out :hut on :hc ba-is . fz;,

to asbestos rathcr :han from a pracilt&d‘finition of do.n-rcsponlc rclatiou-'

et

" far belov sounxrecen: proposal. _ o R .ai"' ..

o e e

[T et i s g e gt et

v-8
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. . <. ... 400-450X magnification (4 millime-@r objective) phase

1 la Tt FINRANERL o OF L O ' R P N

U. S. Emergency Standard

The present emergency standard for exposure to asbestos dust

(29 CFR 1910. 93;) published in the Federal Register;=Vol. 36, No. 236.

_page 2 23207 Deceuber 7, 1971) is as follocu‘,¢=x,sﬂ~~.

_""The 8-hour. :1me-w¢ighted averagc airborne-concentration of
asbestos dust to which employees are exposed shall not
exceed 5 fibers per milliliter greater than-5 microns ia -
- ‘length, as determined by the membrane filter method at

R

__ . concrast {llumination. Councentritions above 5 fibers per .

7 milliliter-buty not to exceed 10 fibers per milliliter, & ™~ -7
may be permitted up to a total of 15 uinu:es ia an hour for

.up to 5 hours in an 8-hour day."

The 1971 ACGIH ctentative- threshold limit value 4s.5 fibcr-/nl
>S5S pmin length. 30:h are higher than ‘the British standarzd of 2

fibcrn/c: by ac 1eaat a fac:or of 1.5 :inca. f"

R Py — S YRV,

e -1 IOV
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'Buis for kecomnded Stnnda:d : e

data." ‘rhc icquirmt to protect *.‘b.c‘ vctkcf-n‘yohd to asbestos is

recognition of the 1nctm1n3 mmbct o! cases of. ubu:ouu. bronchogcn:.c:’:

dc:dled atudy to dcnmino itu pnr:iculu con:sibuticn to“hhn devdopmr

.....,"'u- e ieste AR S

'nu mmbc: of studiuv :hu'htv.cwc_olhcud bof.h._‘gnviromnm and

nedical dltl md with ) uignif:lunt mmbu of exposed .workers is not
sufficient to establish & mmingtula:ud&tdabud upon fimm fcinufic

dcfined m "y nmbcr of studiu outlincd in this document. mjcncul

cmcc:‘_.:'gnd mesothelioma indicates.the urgent need to develop a standard

at :ho pruent :im )
m:osa recognizes that :hcu Jdata arc tusunnry :nd, u u T

o :‘.

ufn:y fuctor ma: bc mcluded m any- -undud cmidc:od. :
basis thc ‘Tesearch that d1d mcludc boch muamul a.uf’ud cu dau. i

Y b i e

or whc:c s standard or limit- hud been’ 9ropud _vas_given’ i"‘ﬁrt!ul And

PRSI o L

ot n na:ioul standud.

JRURES N e oA -

" The dcvelopmnt o.‘. s l:‘ndnrd for -asbestos duats_é in Great Britain
and :ho cvalunuon udc by tho Bti:ish Occupatioul Hygiene SQcicty |
(308S) Sub-cmit:ec on Hygieoe Standards fg;aubu:o-.sz’“ vhich
considered dau to rcdu;c :}_xc_ r}sk“ otl _uhbu;qnu,_mu;o‘ given great veight .
in the d.valopuut of this aabutol -undud: “.'hq BOHS ficted the duu_
availsble to a dou—reaponu curve and the conclusion was drawn that as
sccumulated exposure of 100 fibcr-}un/cn’ would reduce early clinical
sigas to less than 1I. This-would be 2“‘“1;‘01_‘:!_/9‘3’!0: S0 years of
exposure or & ﬁ.beu/c:m3 .f;:r 5 years. According to &ueh."' "The
British Occupational Hygiene Society Standards Sub-committse on Asbestos
expressed the vievw that a proper and ruc@lﬂ objective vould be to

reducs exposurss to below this level and thersby rsduce the risk of

V=10
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contracting asbestosis  :° leas than 12 of those who have a lifetinme

exposuu to the duat. For such workers, who may pouiblyﬁork for

e 2Tk A R -

upoud would need té 3 iesl than “2° tibcn/u o ~For o:h.u. who

ST
BRI

Tl be exponed to %bestoc dust-in air for shorter petiodc. thc . R

exposuu wilI' munt €6 ‘leﬂ thu; 100 fibcr-yunlca

It s tecognizad%hat the British standard is bued upan data '

"ot @s:precise-as. duind bnt At does offer a nechnniu fo: com= T

—»—w-»‘_;.— P 34‘%: e

‘parison with the Accm ‘ILV and after three years of uae no chunge o
hu ‘been tecomnrud.,‘ The_!’ritish sundard wvas pt!.narily bucd upon - - :

S s e

a»-otudy oi 1290 men npioyed fot 10 years or longet be:vun 1.933—1966"' :

based upon bucl ul 'y and x-uy changes. In ‘this ltudy,‘bunl ulu .

e rosres,
.o

propoud by thc Brtthh ‘Hyglene S:andard. Committee, the £ollov1.ng ) & R

coupntinm can be udc bemem:ha».aruish Standard lnd the butzucy o

U. S. Standard. Each nmdud is normalized to 100 fiber-years to account
for differences in the working lifetine of the average asbestos vorker.
The Emargency U. S. Standard is based upon the ACGIH TLV which, in turm,

is based upon an ui:b-ure time of 30 years to S fibers/ml) 5 um 1n lcagih“. ‘ - L- -

V-1l - ' ]i
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In-sumnary: ,WWM.‘;“J- sy,
i5a. P [ e

o e TLLER e

k g ..N.ﬁ,. .u.% .- hﬁtgnucy
"ACG

. Britilh: cmprmakTEEE Sr ETEAT - -

.. .2 fibergfee . oTEme - T T T O ‘3' fib.t./d
r’.b‘r. - L ' . .- - |
e s L TR

‘I'hc vtlidity of this tyie of comparison hu alrudy bcen quutiemd

e

1n th:u docmnc. .., .the "K" fdctor used td"chunsc Accmfinptngnr

dau to giber counu.sl 66 o - "

‘ Hovuvor. on this basis, data ouuu: ehac l:hc Accm vﬂm in

a®

. hightr :han the. Brieilh value.

Loty o

" of dmloping the .esrliest ,clinical usu of ubatous.“ n

s

Hovmr. addicional- cmidcnttcn*m: ‘ba ¢ u.vu r.o chn cmcpu ot

urcmgnuu as they relate to tha determinstion of a lundud for
ssbestos.. ~eXPOsUTE. Any u:cinosm (muator) mc bc :;:M. unt:l.l
o:hcuriu proven, to have discrete, dou-dcpouu:.m{t:;nrlibh and
additive effects .to.cells that are" tnnninibic E:o“t-hc ccu ptognny

o L

Thus, . meuem ‘of malignancy following' lin;].c m.u upocuta to
asbastos is possidle, but of a lov probubui:y. Vith frequent or

_ chronte 'cxp'oiuu and a lov dose-rate, the prodebility -ot infitiation -
of mslignancy is incressed. ‘Yec, even under optimal conditiou of
cell proliferscion (in the presence of promotors) these maligmant

v-12
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. growing avarenass-of l:hc -haalth.. dheu.«tron exposure of the workn to

' Lndutxy. ‘nu lack o!mnviroumulvdau jo: pnvim yun lnd thn

' . changes ia technology uud to colloc: unplu, oW and in :hc put,

~ found for individual exposuras:during. the time samples were collected -

ENVIRONHZNTAL DATA
The use of asbestos: humc.hangcdair.h the sddiuon of nev producu

and vith changes~in the: mduua.hptocusu. fl‘huc chmu lnd a

ubucu hm ruulnd*znzmnthngm work«cnvircnnnt wt:hin the ub«too

— i

have resulted in the. avaihbkld;:wo&cmaahlc anviromunul data £or
only the last fw ycm‘_ ‘rhul, :hc oant dlu ud r.hc long latent pcriod

. for the dcvclopun: ofvbronchogenic cancer and meso:heuan do not

permit the establishment-of. :hc'.dou-responu nll:tomhip - :hu
tima, However, as: hu*bmdndicaud., gx;e dmlopm: of thc diunu

has been proven in vorhravupoudﬁ,:o ubu:n and envimcatal data

does exist for the ~1nrzuvoul yun.

Table XIV shows® thcwuc canccn:ruinn of ubu:os fibcn to

which s number of Lnsulauon vorkers were exposed in 1969. The ruu].u b

showa are dHot emduciahnd-aavcrigu-, ;hut are averages of coucentu:j.m

(usually 15, 30, or-60 minutes). Alr.housh the .average conctntutim

TRl e

are reasonably low; with “':h:'-‘n'iccption,.;of-.-lpuying, individual exponpgu

varied from 07t 100"fibers/cc. - The latter occurred during a 60-ainute

period vhils s vorkman:sprayed-zsbescos . fiber..cu & turbine. o
McClure®? suomarized results of a preliminary survey conducted

b

by the U. S. Department of Labor during the period July, 1969, to

January, 1970, at nine private shipyards as follows: 37 of 74 samples . = ... =~

Iv-1
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collectsd during various cperations of preparing and applying insulation

_were above 2 fibers/ce (50Z) and 19 of 74 were about 12 fibers/cc (26X), 3

. These vers not time-veighted average éxpouurct,Abu:'rcptcsnntcd average "

r————

fibtt ccncentratiﬁns during the sampling period. ?urchtruotc, noane

o TR Sy

- gy -

otwtheso samples represented workars' expo-urel vhile tearing out

Aetasa

_old 1naulatian and lagging=——en operation that has besn prcviounly found

PP B S

. to ptoducc more dust than the ~opiicxt1$h of the insulatica.
! j“‘__.. - <_4A uunna:y of some of the environnen;al data collcctcd by NIOSH -
“ ;i- ptc-cntcd in Iablc 1 :hrough XII. The environaental da:z prcncn:cd'-
in this docunant represent only that collnc:.d in the last fewv years
lnd teport‘d in fibers/ccdS ;m as counted by phase contrast lish:

. 4
nic:occopy. As poin:-d out by Aycr ee 11.61 "I: 1s obviously

inpOtniblc to ;ivn nny -Lnglc ratie thlt vould accura:cly rcprecen: :

c. all proecllcl at 111 tincs Lu etch plau:. Al e :anul:. li:tlc

“coriclttion. if any, can be undc b.tvncn ‘atly dl:a (collec:ed vith
nn 1np£ngct vhere settled patticlcs ucrc cauntcd) vith cutrent data

(collcc:cd vith a personal sanplcr and countcd under a- nictoucopc

-

equxpp.d with a 16 ma 10X ohjec:ivc).

Th-st data represent only the levels £ound during the tima the o
samples vere actually being takes, The sampling tizmes vere usually - {f
between 15 minutes to one hour, and should not be cousidered as tin;; a
veighted average exposures even though credence could be giveé to
ghil ipptoach due to cthe lsrge number of samples collected.
. » chtln of exposure io the manufacture of asbestos are given ia }-»
- ‘. Table I through XII. Ia a total of 7 asbestos cement pipe plants, .

a range of individual sanpl;- v;a from 13.4 in coupling tinilhing.,,ff“ﬁ‘

to 1.vclg too low to counc in pipe forming, curing, pipe finishing, ‘

Iv-2
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coupling finishing, packing and miscellaneous operatiocns (Table I). 7
It should also be noted in Table I that vhen considersciom is.
Ugivcn to feasibility of engineering concrol, in ‘coupling finishing,
-the individual highu: sample vas :13. 6454 the. lwn.unamhut:mulw
lowest samples vers zero.. Huehmina % _ux:l.n; (6.3 tibmlws ;-)
and plckii‘ (6.1 fibers/cc>5 ;n) vere the e highest nasns by opcrquou -
(Ti.ole 'II). aad the lowvs vere bet'..0.4 .fibcn/cc)é . rhucanw

indicate the possibility of vcpntrouing'":hgy s cperations to below S

the proposed standards. - . - . . o oee oo
These wide ranges of individual samples and sesas by opiutim
vers also shovn in asbestos friction plancs (Tables IIL .and. I‘ll,..m .

"-'cmn: shingle, millbosrd, end gasket opcrattm (rm.u Y amd VD), .

¢

’ iﬂuhum (Tablas IX and x). l.nd tro- ubu:u payu'. packing md

upuzz:-eproduen (Tables® vn and vm)."ﬁ

I nxtilc opcruicas. uhilc the - Mvidmmtnccnd qutm,_ B

e e

concentruim vcu, iran cuu. bclw 1. ﬁ.bor/cr. (cxcqi: mu

preparatiom, l.4 fibers/cc), the zeans by operations -exceeded 2.0

- fibers/cc in fiber preparaticn (7.4 fibers/ce),-carding (6.1 fibers/ce),

spianing (3.7 fibers/cc), and ctwisting (3;2 tiﬁc;slu)~.,...1n the seccnd
lovest group, all operaticns except finishing.exceeded.2.0.fibers/cc.

These values, vhen considerad vith the.highest msans and highest. . .. .. .. .

individual samples (143.9 fibers/cc in carding.and 123.2.in veaving), .
.indiutc that present aethods of coutrol practiced in the textile
. industry arevnot adequate for cthe standard proposed.

This is probably true in l.nc'ului.on operaticns &s vell, .Evem. . _
though levels vere below the level of 2.0 fibers/ccOS am, the individual

sazples and operational means vere high.

{v-3
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~cxpoouu of 2.0 fibeulcc)S }m. buc only that it is not meeting

- of plm;, ppcrtticnc. I: is not reasonable to. uuocuu these difterencu

The indiwl.dul u.nple high (Table I*) vas 208.4 in finishing and
188 9 t'ibers/cc in uixina. Table XXV shows :hi: in at'].ust ons
inaulatio;;ull;é. 100 perccn: of nu snplu takan vers less tham or .
equl t Z tibculcvs ,m. and in cn; other, all but the nixing
Opcuum met thc s flben/cos ;n value, In textiles, under
preune opnn:in; candit.iou. :un:m~ :»g»;“ plants mat the 2 tiben/
“eeds pm- cri:cria ('rablc RV). ‘rhis dm not mply mz udu:ry
‘could mot mt r.he yrcposed s:andatd o£ a :im-uxghud average

it st the pruen: in thc mulauon snd :e:uh plants, and it

prohably could zeet thc aandnrd if given time :o clun-up the plant

T e 8.

opetl:ions. T AT . PRIV SRR S
Secular treands Lndica:c that. :hexc u A, vidc vmu!;on bomca

a Eewqaplu :ann ov-r hrgo iar.uvah of- Mne m cvtlueiou of

:heu :re;dn,- 1£ Lndecd r.hey are :rcnds, mld ba open to qm:ion.

hmnt. it doe. po:l.n: cuc that such cas be dou in r.h. improvement

wvith changes n fi‘cld._smling methods, counting uchniquu. or 1oca:1qn. :
of sampling devi-cuﬁ;t-un lmilar treads are not apparent in cement pipe
(‘rabu XV), t:ic:ion ('rnhh XVI), or llu.aglc, aillboard snd gaskst
opcucim ('hbl.c MI). Vatiation in :xudl in insulation and textile
plancs ('hblu XIX to XXI) udica:c stabls plants in soms areas and
aot in others. The cnapaniivcly lov values in textiles is uﬁvtu:
surprising. "

AA: u.;-.“ the operations in the vell-controlled plants, it is
possibla to meet the l.:ré;oud standard wich ou.li small chenges in

eagineering practices (;rablc XIL). This i{s also true to a lassar degrse

Iv=-4
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friction operations (Table mn), shingle, nillboard, and

. kat operatious’ ('rabh an) iud :m in only a few cperations

- textiles and in:uh:ion opouum (‘rablu xxv-xm‘.).

POV STV TR

1t sust be noted t!u: in ub m plan:s having the_szae opcuttm.

» have b«n able :o nest the propoud -standard, vwhile-others have

bited nvirnmnnul valuas at’ hi;\ur -levels, vhich suggests tha

. for eaginesring control - no: .the lack of e:gineering ‘“'ibiugy“““

set the standard. SR : W"

It will Dot be easy to eau:rol upo-uu in :hc Lnsuhuon and f.u:uo

7

s:tiu whcrc hi.zhor lavels of: -ulpu:ocu lung- mar, end moeb.iiun“ B

mown tn oecur.

;Thers is a ugh pt.tori:y rcqu:lum: :o protoct 'Aﬁhc

_ zn in thu. aductiu to ucurc r.htz uuuive nbutuu. hn;

‘orkar the type of p:otoctiau t!u: 1- tequiud at cne..

Table nn »
an .'md:l.car.icn of the drmtic uduc:ian in :m-voighud average ..

ures that could bc ceccupluhcd 1! puk or cd.ung CXPOSUTES VEre-:. - -

iated. In this case, nduetng chc puka in insulation opcu:im .to-

yiling of 10. fibers/cc reduced the time-wveighted- average to neaps s -

1es/ec,

TN
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P
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* utilizing thi
 past, 1n :he United Stacel. “asbestos fibern vare menaurcd by thc impinger . - ..

’mechod which 1nc1uded counting par:iclos au vell ;l cubcacos fibern. .

.answered until ‘more definitive information in availabla on the specific

) etiological agent(s) and mechanisms of injuty invcl 'U_ ffhg'conlunption-u

.‘on the balii of ‘current information on biological

' types of asbeatos. s R R e

5
1
j
{

V. DEVELOPMENT OF STANDARD

Various criteria have been used for categorizing thc“dustiness of

the-eAQiiohEZEE. Recen:“ﬁevelcpmgnts*hava uade'tt clcar ‘that a method

A

Taptu:e and” ditect ‘estimation- of-fibcrn of a.belco. should S

be utilized 'environnzntnl meaiﬁ?enﬁnz*of exposuro“to aabentou. In the

The quastion still exists as :o ‘whether-or* not different variecien of . '_i; i

asbestos Eibiis uay have vatying biologicll effecz-. Thil 9111 not be

i
i

offectt nnd 1ndustrial

practices to eltablish and administer- seplratc standardu for diffctent B

The quantion also arises on the validity o! baningwatlndtrdn on chc
number of respirable fibers tsn“the air“greater«thuu‘s~n1cton.:ers 1n_
length. It is fully redlized that‘the fibér-size- spcctrul of ‘respirable

asbestos fibers in any particular’ 1ndun:r1;1 environnnnt uill range

from that of bundles of f£ibrils in the upper :espirnbla sizo to those

of the individusl fibrils in the sub-micron size. The type and ‘grade

of fibers, nature of processing, arnd controls in existence will greatly

- HER 0909142



. respannc :han thc ahorter size fibets vhich nay, in :hc lover and sub-

micron range, tend to resemble _more the phylical behavior of non—!ibtoun

Tt prudent that we use the saze definicion of index-of-exposure on which

influence- :he fiber-size spcctrun (fibcr lcngth aud dianctct) ia any -

given environnent. The problll 1: furthet couplicatcd by - the Inck of: _=:;
definitivc 1nfornation on :hc biologic rcspdhlc to fibers of. diffcrent

sizas. It 1: known, howcvar. that the longcr tibcrl shov a dose-response

relnticn to albcatosil. and may.have a- diffe:cnt bchnvior nnd degrac-of

-

respitah1i~pnxticulntea._ Sinc. 1: would not ‘be feasible to have a

standard on :he ‘total reapirlble fibers vhich vould ncccslitntc :he routinc
¢
use of expennivc and tina-ecnauning techniqban 1nc1ud1ns clcctron microaca-

of fiﬁirs noct caunonly encoun:ered. It il"aslun.d tor.thc ptcscn: tha:
the flctor of snfety ussocilted with the" a:andatd vill allav for ditterencel
in the size spcc:run of reapirabln fibers that may bc encountcrcd.

tﬁc British, in evulu;cing respirable chryaocil- fibur exposures iﬁ
relatiom to the ongoing epidemiologic studies in the tcxtilc indultry and.
for the bllil of a ncandlrd for chrysotile, established ss an indax.of
expocuzc, tibcts 3r-tter than S nic:oneters in langth.sz_ A substancial
amount of 1n£orn;tion on :he biolcgic effects of aubcttos hnl..lnd is,

being obtained uling :hil parameter of exposure massuremant. A review of

the rencnrch in Britain, with concurrence on the rationale 1uvolved.-nndc

to bage criteria for standards. Thesc criteris should be re-evaluated when,
(1) more definitive fnformation on the biologic response of asbestos includin

the agent(s) and dose~response data on differsnt lengths of fiber is

V=2



3

:ivailibla. (2) the spectrum of Eibet lengths encountered in industry by

-types of asbestos and opern:iona il asccrtlined. and (3).more precise.

epidcniologic dntn are davaloped.

TN

To prevent fibrosis and excalsivo rates of ncoplasia. such as meso-~ '

. :holionn. reopitntory csncer, and gastrointestinal eancnt, A l:andlrd for

T asbestos dist should be based on a concapt of dose-respense thfp.igcluQ’q

rnoé only the -factor of fiber cédnt-tiuan years of exposurs but also that
" for total asbestos dust fibers retained over a’ number of yca:i;,<

Thus, the effect after several decades of a one-~time acute dose of

e

< ‘ 1imited duration which ovn:vhelﬁs‘the clesring mechsnisa, sud is retained

- in the lungs, may be as hnrnful as the cunuln:ive effect of lou.r.dlily

'gd}‘. _ doucn of exposure over mlny yents of vork.

Seveene 3
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. where. concen:rationa exccedad S nppcf but only :hree doubtful cis

albeltOl :ex:ilc vorkerl vau 32 1 yearn and only ocne of the four pluntl

Basis for Previous Standards

The first standard for con:rolling expouur. to asbestos dust uai“

Y arem e Wt
PR S T sk e ot P L

recomnanded by Dreeslen et al.63 in 1938 follawing a study of 541 enpli@.

NP UIPNFERSEE Bt i . -alit Ll PV

in fou: llblltOl cextilc plan:n nhere nalsive cxpolure: occurred. A

TS ST e e e Vil

QOIS IS

:entativ' 1imit for nabestou dust in :he textil. indultty of 5 aillioauw '
c:emined by thc impinger :cchniqul;w

p.r:icl.l pcr cubic foot (nppcf)'

AR LT S

vas recewnnnded. They found n.uerous-wall-narked cases of pneumocotiiosi

EE R

concenttltion. wvere under 5 uppcf. However, ogly five persons had ‘Hean:. .

e . ¢ iy e

expo.cd for more than 10 yearl to concencrntion. from 0.0 to 4.9 mppc

five. yenrl.

ltudicd hnd been 1n operltion Eot wore :hnn 15 years. Thus, the fi!ltw

e e

ltnndazd cs:abliuhed vas baled upon linited dlta. The lu:hotu tecognt ed

ha R Nt

:hc lini:ationl and stated :hn: « oo "S mppcf nay be regarded tentat ely

B

as the :hreahold value for asbea:o.-dun: cxpclure until better duta aro“}

avnillhle.

V=4 '"ﬁ:‘-
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bodies" ;roduced in guinea pigs in responde -to other flbreus nnter1a1.~“';'““

body, and the indication that inscilled fibers teand to spli: lcagitudinally

with-time. The suggestion that- chrysocile bteaks uwp- 1nto short fragunnta

.on the evidence that-the majority of the fibers Eound in the alveoli

s
Vs

wvere less than one-sixth the-injected length, one and two years la:o:.
is open ¢o che alternative interpretation ti:at, inasmuch. as longor

particles are more teadily phagocytosed, whac is ‘actually obscrvcd

: is the tes‘lual, snailet, nonphagoeytosed chtysotilc.so Thul, d. spite

the detailed. in-déyth inform&:ion furnished by electron nidroscopy.
no body of kndﬁlidgi%yé: exists that peruit; the assigning of relative

risk factors to fibers of differing lengths. .

In respect to asbestos bodies, 1: sﬁo&ld bc no:ed‘thaé “fetruginousis:s‘w:_

PN W& ' ,;,

. SRS

fine fibrous glass and ceramic aanwstlica:e Qexe 1dan:1c31 m

ERee S -

fine s:tuc:ure to that of asbescos bodtes«il thus rcnda:ins Eirn

dingnostic decisiaua difficult in cases”of mul:iexyosurc: :o ditfercnt
Eibrosenic Eibcra 1n ‘the electron and light nicroacopic range. »
(6) Trace Matals. Harington and Roe’l and later Cralley et 35,52

reported large amounts of nickel, chromium, mangansese, and iron are

'1n:inntcly assocta:ed~v1:h certain forma of chrysotile. On thc possibility

TP

that trace metals may ‘be associaced with che inducciou of aubcstos.
cancer studies in afilinals were perforned53 vhich -upported the hypothesis
that, -in the {nduction of asbestos sancers, trace uatals play an activc

cocatcinogenic role along with the excgenously derived carcinogen

~beuzpylrem. while asbestos plays a passive role as a metal carrier.

Correlation of Exposure and Effect

Available information on the relationship of asbestos exposure
and the risk of asbestosis and/or br.n.hugenic carcinoma is somewhat

I11-i?
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to bronchial carcinoma may have been largelgbelininated “but that

: insufftcient data were avai1able to. estimate ‘the' ex:ant of the risk
that may regain. Ihe different textile opetationsawerefEibcrizing.

" carding, -spinning, veaving, and plasteringi “When-environmental samples

extensive, indicating a scrong assoclation between the diseases and

such exposure under a variety of_cqnditions?:xstzz'za and évi&;tte

B

of dose-tesponse relationship. . . =»?$v

- L rS P vor i

HRrTt-ytp =i 3+

Entarlina and associatess4 have tecently deuonstrttad convincing

evtdence fot an exposute-response relationshxpabctvaen asbestos ‘a8’

- neusured tn terms of million parts per eubie foot yelrs Onppcfyr), and

the tiak of malignant and u a-malignanc respiratory diselse. Spectficnll

D)

céllected By operation in 1961 and 1966 were summed, the a&eragéé were

between 4 to 6 fibers/cc. Operational averages were from a low of

2.5 fibers/cc in weaving to a high of 6.5 fibers/cc.in.carding.

In 1968, galzer and CoopetSS reported asbestosis among 1ﬁsu1ttion
workers exposed at levels not exceeding the time-veighted average of ;w: i
5 mppef. Lo fzfi
McDonald et 5&.56 reported in May 1971, on 129 primary thoracic EC.f.
neoplasms in the workers employed in Quebec‘thrysotilc asbestos oines 'H4§§, H
and @ills out of a tocal of 9304 former employees; five of -these cases ?i :
vere mesothelioma. The auchors concluded that the additional data ;?'
».-
?
I1I1-18 g

e HER 0009147



supports. evidence of other studies that even heavy exposure to asbestos

v ' - Aa. -aining and nilling carries only modest risk of con:racting luns

cancer and less still of contraccing mlignan: mesothelioma. McDonald

ERERSN AR RS-

et al. su,ggest that _any- increued risk of resgiratory cancer or

pneumcéniosu ac a dust:-index below 200 would noc be decec:able and

wculd s:ill be in doubt below 600 A: 3 dust index of 200 an employee

. . Y
e iR SER S,

could work fot 40 years ‘it a- - duse concen:ration of 5 mppcf. The author -+

A re e e L e s

assumes that the fiber content of the dust is about 10X and he s:a:es

that this is equivalent to about 12 fibers/ecc. L -

WU ELENE MR . Hrigh:’?gpointed out cthat- othets have noted the.&;ﬁ.king diffetences"

in the healihrexpetiencesr-at

g,orkets in mines and- atlls.as conpated :o-

‘_other vctkets, specifically m conpatison to nsuIttfoti‘ operacions, '

‘and mil.ling of asbestos ...bets ‘showed no augmented frequeacy f
2

btonchogenic cancer. ’ .
Selikoff,ls hovever, indicated :ha:-HcDona;d's "heavily expo;edT

group had 3 times as much lung cancer as the "lightly exposed” vorkers'

Fu:thermore, lung cancer among insulation workers was found to be

abou: 7 times greater than expected compared to the general non-exposed

population.15 A non-exposed group was not reported by McDonald. 36
Although it has been sugges:ed .that cthe risks associated with

agbestos exposure may be less (n aining than in industrial operations,

additional study will be necessary co confirm {f such is true, based

upon the comparison made by Selikotf.1ld
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) vichout n:tenp:ing to relate this informatiom to che asbestos industry

L ot

) group.

following signs:
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-Consideration must be given. to McDonald's -analysis of levels of

exposure of 12 fibers/cc. At this level, he .assumes that some degree

The na:hem:ical assumption made to arrive .- - &

of asbest.oeis may occur.

a: this environmental level leaves_a great-deal. to question, even

P

e e

in general. Two prinary considerations leck the -evidence necessary 4-_;.».:;:”_'.

. to .make general comparisone of these data with other reported work.
the assumption as stated by McDonald?® that the fiber content of the
dus: 1s 10Z, and the method used to convert:from nppcf to fibers/ec
13 ot explainéa in’ ‘the paper. '

\mrphy et al. Eound that abestoeis uu LL times more common

among pipe coverers ‘tn neu-*shiy- consttuction_.;hln mnong ‘4 control -

" The a.sbeatosts was Eirst found after 13 years of exposure

or abou: 60 mppcf years. The.prevnlence_ yee;;;‘iazﬁ:e_f:ex 20 yen:s.A

"I‘!Ievasbes:osis was defined by the presence of at least three of the -~
(1) basular rales in two or more sites, (2) clubbing
of the fingers, (3) a vical capacity of less.than 80% of the predicted,.
and (4) roentgenography consistent '-_rith.no_nerately advanced, or

advancea asbestosis, and (5) dyspnea on climbing- ouna=flight 6f suirssm

The environmental level was based upon samples.collected-in an IR
;.upinger and all the results were time-weighted-average expoeuten '

and these were averaged over several different operations. The N
highest average concentration was with hand-saw cutting at 10.0 mppcf = -
:;nd the lowest average was 0.8 amppcf when mixing mud. The average

of all operations was 5.2 appcf. One-hundred and one workers were

trr-20 - Ly
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in the exposed group with 94 used as controls matched.for.age; duration ... .-

of employment and smoking habite.* Both-amogite-and chty’sotilc vere
used in these opeu:i.ans ~ghi1.g~cré§1&blitc Haswnct. Hu:phy stazes Fraga

that in his study —uo asbcstosis was ‘found -forvmen. expooed to; GQ mppcf-ycars

while 20% of t:hose exposed for-Jséw&loormcfvyensmrcgcomtdcud SRR

ta have. : bes:osis. = Considaration ‘must be. g:l.veq, :o ;veraging the time-

,weighted average values of the- tnvtromn:rl .samples. gycgyhac seem .

to be several different sampling locatlons .or operatiouns.. ;a?qwﬂg.ggg_;“;

vho vere classified as suffering from asbestosis ex'poscd in _thl hand-saw .

--~cu:t1ng. or nixing mud or both, and- Eor vtnmim«in:etval’ Anmur

af chese impinger coun:s to fibets/ce-.~ T

In a recent: unpubushed ‘paper;- 'v!i}.nam wnait:.wand—'rhow cowptled

data from the Pennsylvania Departmn: of . uea].:hsfilu om. cxpuuu

levels at various uxcile ‘processing cperations 4n two. plmts.r ‘l'hc e

data included duse. coucentrationt Erou 1930 :htough 1967 in. omc,plan: o
and from 1948 through 1968 in. :he -second:plant. - .Even.. thoug,h con:rolled
exposures vere for the most part below.5 mppcf.and. in.miny cases ‘.beloy 4 ‘
the 1968 ACGIE Notice of Intended Change.to.2.mppcf, 64 cases of
asbestosis vere reported from these two asbestos textile plpﬁts.

The authors conclude that: "If asbescosis is to be prevented, airborme

—~—

asbestos dust musc be stringently controlled in the woﬂciug ‘environment.

From these data a TLV of '3 mppcf would provide inadequate protcction

and the proposed 2 mppcf may not be substanciaced."

I11-21
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that the concentration of asbestos fibers to which they are exposed

be reduced.
:H;”Tﬁtre';s'tt_th;yttf§§;>howevqr, only scant correlation of
‘ep'demioidgicdlvdath-withmedrirOLnental exﬁbsurpidatqvupon which a
definitive standard can be established. h T
Chanpion26 reported two cases of malisnant masothcliona 1n two
_ men, 31 and 32;ygars old, following exposure to asbestos. In the first

case, the only documentéd>éxposure of the patient vas¥£roi.hiiﬁfather; o

who at 68 years oE age,”hﬁd severe asbestosis Eollowing employnent

as a pipe lagger in Scotland. In this case, no speci' reé autions vere Vf

L s

taken to protect the children from contact uith the iathgr 3 work clothing.

which was washed at home. The man smoked about 20 cigargttel pcr day
for sixtecn years -and- had a brief- history of breat?%tssnesl and othcr
signs which could have.been reltted to asbestos exposurs. Thapsccond .
case involved a patient who had moved to Asbestos, Qﬁcbec. vhere he
lived. for the next 23 years. . This pacient dad worked for 10 years
as an asbestos prospector ddd(had worked for a thort period in open-pit
mining. Seven years before his death in 1968, he moved away from the
area and became a salesman ! : lepartment store. The patient snoknd“"
20 to_gp cigarettes per dav :.r !% years. In.this case, it was
Qg}ievcd that he -vas exposed aly to chrysotile and primarily in mining

operations. Champion's two ©3ses seem to support earlier data of

family cannsls with reasonab!: short and/or low levels of exposure.
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" - 6f new floor covering. A technique to siuulate normal work prectioe

" "was developed and levels of 1.2 and l. iibers/cc )5 in lengtb

, to asbestos, alchough he had worked in a shipyard in a non-duety gt

‘involved in gyroscopic instrument repairs. de had smoked one peckege

"1948-1967 as a floor tile installer. The second case involved a

e e o

Murphy et 51.5 presented data concerning two ceees of ?offfftw 4;"; R

exposed to asbestos. One case on biopsy confirmed oeeothelions and

B R T e borisaye St
—— T T AR

the other case had extensive pleural calcification. Both workers

ety NS,

Ry e ke O

had frequently sanded asphalt and vinyl tile floors prior to instelletion

‘nresulted. The -authors noced that under other work conditions these e “ﬁ

e el

values may~be higher. In the case involving uesothelione, the worker

R

was 44 years old and had no'other history of occupationel Jexposure L

FTEL R

gyroscope repalr area from 1945-1967 The repair aree vould precticelly

i

have to be considered a clean room operation in.view of'tbe precision

BT L T L L s

P e

gt

of cigarettes a day between the’ ages of 17 .and "30 and had- wotked froe

61-year-old worker who had been a floor tile insteller for the leet

30 years and hed smoked one pack of cigarettee per day for the leet

. wm e s i [ SR S

45 years. This second patient had no history of other esbeetoe _exposure T S

different from the first however, sone question may- be reieed of
a poseible neighborhood exposure even 4f {t only conoerned going to o
work. The possibility of such exposure must be considered in viep 9? .
the neighborhood case noted by SelJ.koEf."5 Table XXIX.

The poseibility of the development of asbestos-related diseases )
in floor tile installation must be constdered, and special attention

must be given to this operation when considering the lov levels of* - -
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exposuré that may be related to these two cases. If even in actual

R

) prac:ice, levels were found to bcflgugépgag

A \:‘-~—~w SN

s:andlrd. The time interval for -sanding as cozpared to cile installation
must be small, and, if this is true, then, in fact. any. level found

would be very low if based on a txms-weightcd averus. exposure. This

increases :he weighc ‘of ‘consideration _that nus: be given to this

possibly exposed occupational group and the’ rnlationship of these low

exposures to asbestos to the developnant of,g;pca;g.

Cousideration must also be given relatcd'td Ehé‘effeéi that may._ ..
have resulced from exposure to other. natc:ial Ln the floor :110.\ Thd

 level of, and effect of such material as asphalt aud any dcconpcaieioni -

products from sanding musc be considered., =
'l'b-nm~¢=u ~ -

Isolated clinical case.reports are difficult :o intatp:at in terus §

.o,
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II1I. BIOLOGIC EFFECTS OF EXPOSURE TO ASBESTOS

e ‘ - Asbestos 1s a generic ter that applies to a nuaber of natutally

'“-occurting. ‘hydrated mineral ailicntes 1ncunbusciblsninéi$z«nnd separable ...

1n:c £11;ngn:s. The nost widoly used i{n 1ndus:ry in the United States

tfer*‘ttc (ClzugSSiaozz(OE)z). anthophylltzg (HSFG)7$13022(03)2)-

cnd 4c:1nolitc (Ca0.3(MgFe)0. 65102) e

w

Alnos: one million tons per year of asbestos ars used {n the United

. sc.:.s. In 1965, npproxinn:ely 76 pe:ceu: of :he csbelto: p:oducnd

:the conut:uction 1ndustr7
- ;lunh p:oduc:s
“as £loor :iles. usbes:o: cemencl, and. toofing Eel:s -and ahinglco. vhiloA"ﬁ"~?
the r:m;ining 8 petcene is friable or in poudet foru present in insula~
tion nntetiall, asbestos cement powders, aand acoustical producta.1 As
e:pcc:od, these lacter materials generate aore airborne fibers than the

fitnly bouded ptoduc:l. The 187,400 tous oi asbestos used in non=

- cons:ruceion industries in 1965 were utilized in such products as textiles,

friction material including brake liaings, and clu:ch fncingo, papot.

e

painel, plastics, roof coatings, floor tiles, and nisccll;nuoua othet

products. -

Higing and milling of asbestos in the United States is a small

industry, employing fewer than a thousand workers. The heslth and safety

Iir-1




k

variable and the number of asbee:oe wottere at any. one-&noe:ion p

~~"emall, che primary and secondary albee:oo due: expoeuxln.zo all .

aspecee of mining and nilling operetione are not covered under the
Occupetional Safety and Health Act of 1970.

The construction 1ndue:g has, in recent yeere. applied ubes:oe -1
more eirborne asbeetoe fibere then older eonvenciouel u:hode.A ‘rhie
:echnique at preeent uti'izes only a small percentage of ‘the co:ei
asp.Qio; produced and its use is decreasing. - *

There are approxina:ely 40,000 field insulation workers in the

Uni:ed S:atee who - are exposed to aebeetoo dust: The ac:ivieiee of

theee uorkere cause secondery expoeurel to an eo:ine:ed :hree to five f

ohg'

workere have never been saciefeccorily ee::l.neted.'
An eauu:ed_so,ooo workers are involved in the manufacture of -
asbestos-containing products. This figure does not include secondary
manufacture of products vhich. contain asbestos, eu.ch. as electrical
or thermal insulation, or products which include prevlouely'nnufac‘tured'
components containing aebestoe.i
The £olloving informacion, furnished by the Peomylvnnie.biviston-
of Occupational Health, shows the number and variety of plants using

asbestos in which potencial exposurss can oceur. These tiguree are

based on a survey of a total of 18,439 manufacturing plants in thac

111-2



State as of August 22. .1969. and: represents about 1.4 perceat of all

manufacturing apera:ions “1in Pennsylvanir «Service facilities such .. .. —
as garages are not Lndudcdcm% Caen T cmEmawese
i~'“%ﬁﬁ§" No. of Plants .
* ..Insulation,‘including. cutting, : :
drilling, and-tape manufacture ' 15
Manufacturing -and processing 16
T “Brakes ‘and friction ' o100 .
Cement, clay Ll 18 e
Miscellaneous* " 146
*Gaskets T .. : - - .
'Signs Cee .
Safety equipment .. _ : ' -
Laminated material " = ' TLTen
- : Paint and rocfing. materials : . )
Shipbuilding and shipbreaking T LT sy
Iopregnating resin and urethane e e I .
Textile - - - R
Undercoating" utetial . e e T R
. Ironing board. cove:s ' TR e ‘
Flooting o - : R = i, &;‘
- _ TOTAL -~ 265
DT e -
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| workers due to the assumed hestth-inju:ious condi:ions

>,»asbescos workers. In Merewether's review of asbescosis.

American and Canadian insurance companies not to insure asbescos

PP
FREN LRI R N g

In 1917, Pancoast, Miller and Landis8 reported on X-tay appearances

of pneumoconiosis 1n 15 individuals exposed €6’ asbest;gg_v_,,w

-

(BT v

M{lls' - publicacion9 in. 1930 vns the first report on a.case of .-.>

-asbescosis published in che Uniced Scaces and in chsc ssne yesx.oLynch

10:

_and Saith reporced oﬁ "asbestosis” bodies* found 1n the spucun oi -

ll_emphssis:

. was placed-on the relacion of‘asbescosis to dusty working condicioos.

ThHe clinical aspects of- asbestos;s are vell documentsd.a Gloyne
discussed :he pathology of asbescosis and mechods for diegnosinh=

asbescos bodies and asbestosis. Selikoff and Baunondi3 p

'1'975 aucopsies in chree large Vev York ctcy hospicsls and Ound

asbestos bodies in 942 (67312) Brosdly considered -éc;percenz
of.hoosewives; 50 percenc>of'"wh1:e collar" males, and-S50. percen:
ofV”blue coii;rf males showed asbestos bodies: but”Biles who had
avhiscosj oglshipyatd oc construction work had higher 1nc$dence of
asbestos bodies, i.e., 90 of 129 cases or 70 percent. Selikof!'
observations also suggest thac asbestos bodies were as frequencly »
present 38 years ago as nowv.

Although a large percentage of che lungs of adult urban dvellers

may be found to contain ferruginous bodies (depending on the mathod

“of examinacion), the significance of this is as yet unknown.

vy s

*"Ferruginous bodies” is a more descriptive term. This and other
aspacts of the biologic effacts of asbestos ert vell documented in
the Annals of the New York Academy of Science.

III-3
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The core fibezs .have not been systematically 1dent1£1ed to indicace .

. LN
. PSRRI &= o] otem
"’2\ > [ T

hov many are.asbessos bodinsanamdéthEi"‘ts~li::le'ds:l'besring on ﬁ;,,,“i} .

possible hesl:h effec:s associa:ed vi:h :he low concen:tstions of

fibers found in anbisn: sit.

An abnormality, occurring w. :h unususlly grestet ftequency in

Lt Ehed sy e e .

populs:ionswexposed o inhalation of asbestos Eiber, 1i*:hst of ,“,N,,feﬁ

locslized thickening, or plaques, of the: pleuts with or vi:hout

calcificstion of ehe 1tsques. The role ‘of the asbestos fiber in

A (TSI AN

.i~:hia manifes:stian 1s aot clesr.ﬂ‘;;_;”-~-

e ot EE A-»\“'C’"‘" )
AT | - PUPTREP L

The medical agpects of exposure co asbes:os aud :hendsﬁelopuen:

.jlof :he occupstional:disease asbes:osis, are chsrsctst&ﬁ;d.by.
- . <-=>as£5>"""*f~"“ - i . e
(1) -A ps:te:n nfhxoentgenographic changes consisten: vith

' diffuse 1ntets:1:ialsfibrosts of variable degree and s: :1ues, ‘pleyral

[P O
i

”changes of ‘fibrosis and calcificasion.,n".f"' '
- (2) Clinical changes including fine rales and finjer clubbing.
These may be present or absent 1n'§£9 Iodividusl csse.
(3) Physiological changes consistent with a lung disorder.
(4) A known history of occupational exposure to airborna asbestos
dust. In general, a considerable time lapse between inhalation of
the dust and appearance of changes-as determined by X-ray.

229 several clinical abnormalities listed above appear to occur

qi;h unusual frequency in those environments where airborne asbestos

fibers, often in association with other substances, exist. One

of chese abnormalities, a diifuse chronic inflammation and scarring

b

' , : S K y FOICLL By e . e : -. —‘ o . e _". L.
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“the United Ringdom -as associa:ed with™ asbestosls”*”

of the lung, is the one recognized early in this century.and referred

to as "asbestosis."

—

Epidemiological Studies- - ---i7%FE T e e L m
Hatriesl‘ in 1968 suggested that first impressions-would lead.one

" to believe that only workers continuously exposed=to asbestos are at

tisk of deve .uping asbestosis, however, a mber bf”:radesiexietiencins
intense intermittent exposures are also suspect: “These other trades
involve work wi:ﬁ asbestos insulation in.confined spaces.onboard ship.

Work in these :rades has been accepted by the Pncunocoaioais Panel of

elikotf 15 howcv.r,

-rly findings among - Lndividuals having had knovn axpoau:zl :o llbclcol

.~

i In the late 1940’ 8- a-frequency of- bronchogenic cancarwgranccr chan

that expccted onthe- basis of the general wmale population was nanifes:

annng persons who worked in the manufaccure of asbea:ol‘ptoductl.ls

This excess of bronchogenic cancer was also ‘demonstrated among & group

of workers in the United ‘States exposed to airborne asbestos fiders in

17,18

the installation of insulation. Among '632 asbestos ‘insulation

installers observed from 1943 to 1967 chere were 99 excess deachs (above
that expected on the basis of the U. 3. -hite male population) for
three types of malignancies-- bronch. uentc (63), gastrointestinal (26)

19

and all other sites combined (10). :Zizes and Simpson*’ recemtly

reported findings of similar magnitude izong zen employed as insulators

.

and pipe coverers in Belfasc. Newhouse‘o found an excess of lung cancer

II1--

S

;::1:-:‘.':6:‘“’.""“‘ L0
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in a study of over 4,500 male workers employed at an asbeatos factory
;naki.ng both textile and insulaticn materials. This excess of lung
cancer was demonstrated among those workers with jobs which entailed
heavy exposure A!.rr:i?ﬁiéﬁi’ve of the ‘duration of employment.

More recent observations by Selikoff in the United States indicate

"’ a lung cancer risk.for vorkers expesed to amosite asbestos in the

production of {nsulition macerial. 2
The possibility that the carcindgeni.c role of asbestos is solely

that of a cocarcinogen has been sugguccd by W:ight.z This suggestion

17

stems from the obuoﬁiﬁi&n by Selikoff and associates”’ that among

370 asbestos inaulaiéii-,--expotldfééié is_g_uvtqu’ ilui:-doq not greatly <

increase the risk oE”b‘:onéhogenic cancer 'viﬂ :he ibuixcn‘bt' i:kuiir

cigarette smoking.. \bre recent obutvatim amng :h.u sm gtoup -

of workeru,zz hove-aet. denons:uu thu th:l.a intetpuucion il largely -

o phr, -

a functiou of sanple size as one lung cancet du:h vs. 0.02 expectcd
was observcd among non—mokers as coutrund with 27 ve. 2.83 expected

among cigarvette amokers. Moreover, Decoufle??d dmnunud that

the excess of lung cancer mortality among several subgroups oti retired

asbestos workers could not be explained by cigarecte smoking alone.

Concerning ﬁéhéchclton, 80 percent of the cases studied in South -

Africa and the United Kingdom have been shown to have an occupational
or pn_r:—occupuional association with asbestos fibon.z In the
qiited- States, Selikoff and co-workers have reported the occurrence
of 14 deaths from mesotheliomas among 532 asbestos insulation vorkers

studied in retrospect from 1943 to 1968 compared to no deaths vhich

111-8

S
T v 0w ittt 0 St} o

HER 000916




would be expected in the same nunber of similar individuels in the

R e TREREA T« emanee oo T L

general pcpulacion 17,18 Informacion ie insufficient at this time

- IrE LILUHRS L A e aammt S e an 0 20

to set an exposure s:andard (o:her than zero) vhich uould assure

e Nt g g v e 3T

prevention of ueeocheliane in all workere as ehe dieeese may occur -

following a very limited exposure 20-30 yeats earlier. -

An increased rate- of occurrence of - mueo:helioma of the pleuia

or peritoneum was :epor:ed in some popula:ions in 1959 and in eubeequen:

g w—— g
~— - o COREETSRS

years. The possibilicy that asbescoe may play a role in :hie dis~

PN T S

tribu:ion has been raieed. Investigations of che discribucion of

- . AP RN SR

meeothelioma in popu1§eions occﬂpacionally expoeed to asbeetos indiente ;%_J”;;_.

el T b BT ..““ﬂ L

PR T e

e e—_—— EE

Veoplasme, such as: meso:helioma may occut withou: radiological

L L 25T VTR

evidenee -of asbeecosis ‘at exposure levele louer :han choee require

for prevention of radiologically eviden: asbestosis. This uay be :0f

[E s

particular importance when consideration ie given :o short-cern,

high levels of exposure, and may resulc in che developmenc of meeo-

thelioma before or after completion of a normal epan of work ei:her L

in or out of the asbestos industry.

This is illustrated by several case s:udiee,_including;gemggeeem_~
of malignant mesothelioma, one a "family" and the other a "neighborhood”
case.zs—vtu another "famlly" case, a woman washed the overalls of

her—three daughters at home; all three daughters worked for an asbestos

company with possible heavy exposures to asbestos.

II1-9
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. the occurreuce'o£<asbes:osis vas not found.

The time lapse between onset of exposure and mesothelioma in

344" deaths anong asbestos insuletion workers was studied. Heoo-

cheliona developed afcer a longer lapse of time from onset of exposu:e-

Neme o em - v—-'—\.-l = BT e s

to asbes:oo :han val :he case in :he development of asbestosis (Table"

XKVIII).IS Knox27 repo:ced 6 cases of mesothelioma in men and vonen

with less than 10 years exyooure. one with only seven months expoodgo,
with the latent time for the de.elopment of the mesochelioma from.23
to 53 years.

D. L. Cran28 1ndicated that mesothelioma did occur in cases offd

asbestosis, but chac in hos: cases of mesothelioma that he had see

He pooculaced :hat :the

el

of age indicife _he la:en: ime period for developmenc of* ueso:h,

may be shorcer than firs: estima:ed.29

e

Fifteen cases3° of pleural wmesothelioma associated with occupa:ion:l

exposure were reporced 1n Australia. The relationship between the

Ry

_mesothelioma development and asbestos vas based upon occupational
histoties and finding of asbestos bodies in the tissue. Iu some oﬁ:
these cases, the relationshlp to occupacional expooure could not ;
be developed with any degree of certainty, but included patien:s u;o;e
exposure was as short as six months. No patient was regarded clinically

or radiologically as ouffering from asbestosis; one person had pleural

plaques that vere radiologically visible.

1II-10
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Stumphius,31 between 1962 and 1968, found 25 cases of mesothelioma
on Walcheren Island. Of these cases, 22 had been employed in the shipyard
trades. Stumphius noted that the shipyard employed about 3060 men.
This would result in a rate of mesothelioma of approximately 100 per

100, 000 maias per year. He also anoted that the rate for Dutch provinces

~ with heavy industty is 1.0 per 100 000 per year.31 In the same study,

exaninatiou of sputun Eron 277 sh.pyard workers showed that 602 had
asbestos bodies. The Erequency varied from 391 of those with no
obvious exposure to 100Z among those with siight but gefini:e asbescos
exposure. - _ - A

WcEwensz found chat che 1nc'dence of mesothelioma in. Scocland

was similar to that .ouad Aia. other parts nf :ho Uni:ed Kingdon -and

. (s

confirmed the association between che developmgn: -of che tumor and

ocgupaticnal exposure to asbestos.. . »v-fvu f_»_}. ,7 ' ) . e
In 1968 S:umphidsviﬁd H&yerJJ concluded cha: asbescos . .exposurs .

way lead to asbestosis, to carcinoca of che lungs and digesctive tract,

and to ﬁesotheli;ﬁ;. They further s:a:éd ﬁha: there may be no indication

of definite exposure to asbesgos. It aust be pointed out that a clear

picture of the relationship between the type of asbescos and the

production of asbestosis, neoplascs, and mesotheliomas is not defined

in the exposures reported. In zmany cases aixed exposures have occurred;

e.8., the cases from the Naval dockvards in Great Bricain where exposures

have occurred in unkanown amounts :v cracidolite and amosite.
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Animal Toxicity
Experimental Animal Studies. Experimental exposure of animals to

asbestos has been in progress for more than 40 years. During this
tine, a precise experimental animal model, from which could be derived
Adose—response relatipnshiﬁs that cohld»§e used in esiin;iing :h‘
. appiopria:e value for a work place air standard has not yet be‘n'rebdrtiu;j “:
The rate of development of asbestotic pulmonary fibrosis and of
induction of pleurai ugsg:heliamas is so alow-:kgg»:h‘~animnll die
: ' bef&re onset oE the . coé&itién Accordingly, :o dcv‘lop either condi:ion,
. ;‘;3,11': Coe experimenters have had ;a use inordina:ely high exposu:c levels: ot '
abuornal modes of aduinis:ra:ion or. both, thus nullifying :hc aﬂinll

nodel. The classical demons:rations of diffuse pulnnnaty Eib:osts 1n

guine; pigs with nccampanying asbea:os bodies by Gardner and*Cugniqg;’“A'
ana by Vorualdlgg_gl.35 bec;me possible‘only‘ﬁi'usigg»fibci lgvciai-

of from 1,400 to 5,000/cc (39 milltﬁn to 138 million fibctslcubic Eo&t):
and the uniform produccion of mesotheliomas in rats by Wagner and

Borry36 was attained only after administering the asbéa:os by intra-
pleural 1nj;ction at the extraordinarily high dose of 20 ng.

37 were unable, even when aided by chemical means,

Stanton et al.
to induce neoplasms of anv tyye in a tumor-susceptible strain of racs
at low dosages of asbest.s (type unspecified); but Groas 35,3£.38
~:iid produce ia rats malignsant pulmonary tumors of several types Erom
exposure at very high doses (ca. 22,000 fibers/cc 86 mg/md) of chrysocrile

asbestos chat had been hur=erailled to an increase in cobalt of 145%;

nickel, 82%; and chromiu=, i.°.

I[r1-12




Differences in animal responses to "harsh” and "soft" chrysotile
* . asbestos were seen by Smith et Ll_.”: granulomacous and fibrous
plcur817;&h¢8ionl wvere thicker, and pleural mesotheliomas appeared
more tapidly in response to harsh chrysotile. (Harsh chrysotile was

characterized as appearing in thicker bundles and was hydrophobic

whereas :l:u soft chrysotile was hydrophilic).
There are no cxpcrim'nui -.anixul dou-respmd data that can be us
in esctimacing & work place air standard for ashestos.

" Contributions to Occupational Exposure Standards from Animal Studies

Of possible value in estimacing occupuional cxposurc limits are data

.o ' ugarding thc ula:iw diuuc—pmducing potancy of thc various fom

- - and types of asbcs:oa. i .._f"; '

. . ““L’A' . "and nonkcys) that amosice’ produced more marked zm:ers:i:ul fibrosis
o7 ‘ ' thm chryaotilc and thc luioxu occurred ur].ict. ‘to stnteun:-oa
relative potency of ctocidou:e could be made because of the impure
nature of _ the t:est sp-ccimn. On the other hand, amosite was found
byA the same 1nvuciguor36 to be about one-half as potent in the . ~
production of mesotheliomas in rats as chrysotile and 'c;ocido‘un, -:‘
1f numbers and rate of produccion are used as {ndicators. An incidental

finding was no evidence for difference in effect betwsen natural and W
oll-extracted forms of crocidolite, a subject considered as a possible ~
factor in the induction of asbestos cancers.’l

Naturally Occurring Effects in Lower Animals. No evidence appears

to exist that domestic or wild animals can provide criteria for standards,

II1-13
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or for controlling asbestos emissions, although a few confirmatory
reports have been made that asbestosis can occur in such animals.
webster?? has demonstrated fibrosis with associated asbestos bodies

and fibers in wild rodents in South Africa, in one of a troop of

_ baboons, and in two_doﬁkeys that had eichef v;rkod in, or lived iround;'

| --crocidgliée mines or mills. And Scauscerd3 reporcéd~§uiunnar7

;‘ asbestosis, without asbestos bodies, in a dog that had lived for about

10 years in a London asbestos factory as a rat catchcr; The magnitude

or the tyﬁe of exposure Gaa not-reportsd,in any ins:ance. o

- Factors’ InfluencingjPa:hogencsis-- Eggctinzntal Aninnl. Experimantal

animal studies have-been - 1ﬂforma:ive in elucidating :hc tlcto:i that

3

modify or explain -the biologic accion ot asbes:on._ A: leaat aix Eactors
have been 1nvestigated‘ (1) fiber leng:h and’bundlg size; (2) eyrotoxicicy;
(3) red cell henolycic activiey; (4) asbestos hydtocarbonl. (s) norphologic
changes' .and (6) trace metals in asbestos.

(1) Fiber length and bundle size. The relation between length of
fibers and of fibers to motes (nonfibrous particles) and asbestos

induced disease has been one of continuing experimental inquiry.

Gar&iér and Cunningn" and Gardner%4 found that longer fibers appeared

to have a greater fibrogenic effect, although fibrosis developed in
animals exposed to dusts which were composed of but one to 1.5 percent
fibers: The high eiposure concentration of 100 mppcf (ca. 3,600
“’fibetslcc) makes any decision on the relative potency of fibers vs.
motes virtually impossible; however, when animals wers exposed to

short-fiber asbescos dust, although the type and rate of tissus reaction

I1I-14
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were essentially the same, the extent of involvement was very much

o ' less than that of longer fibers. Inasmuch as exposure concentrations
in these comparable studies were about the same, the conclusion can
reasonably be made that longer fibers are more fibrogemic, but that

: the motes are.dot without fibrogenic pocential. ‘
In experimencs with rabbics, King, Clegg. and Rn‘s using Bhoduian

chrysocile fibers averaging 2.5 m and la pn in length, concludcd
that the shorter fibers produced generalized interstitial fibrosis,
whereas the longer fi§ets produced nodular lesiofu,_“_ This finding vas

. o -another antmal

TR TIRRGA

.- nee confirmed by one of the investigators (Ring)

: species“ "‘Mla—é't'e":‘”'repecition of the Ln&leé.tiguié‘

. _,and msite_»asz and 82. 6% respcctiuly. less ch

L | ’ . the origiml work of Gardner that shor: f!.bera or
R potential. o ‘ ‘
. This eﬁerim&ntal work has Asigniftcance for industrial air standards
in-indicating the need to support additional research on the "greater
than 5 ym in length” spcci!iqrequiremn: and cthe mors general relation
of fiber length to cancer induction, which has never been determined
expctimntall‘y.
(2) Cytotoxicity. Both chrysotile and crocidolite were found
to be markedly toxic to guinea pig macrophages in xi_:;g.“ The fibrous
E;ction showed a high, and the pa_r:!.cula:e, a moderate toxicity,

thus providing evidence in conformity with che relative biologic

potencies of fibrous and nonfibrous forms found in in vivo studies.

II1-~15
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> coupletely inactive or only weakly.‘s Noint:enpt vas made, however,

' from solution -40% and 10%2 respectivcly.49 Dn :his baais chtysotile

4shou1d prove the most po:en: cocnrcinogen of the thrcc fornl if ics

"(3) Hemolytic Activity. In a similar effort to discover the inicialf -
stngé§ of biologic activity of asbestos, and in particular toAaccount
for the .irou-staining-character-of asbestos bodies, the hemolytic scticn
of fqu:miéﬁes:ol ;ypeﬁwwqa~dc;eruinedL " Whereas chrysc:ilc‘;rovnd to

be _potently hemolytic, crocidolite, amosite and anthophyllite vers cithqx_;.’

to correlate the greater hemolytic actiﬁity of chrysotile with the iron-

staining-intensity of its asbestos bodies relative to those from other

-

agbestos forms. S RN
)] Asbcs:os Hydrocarbonﬁ. As cﬁijétilefﬁroé;d‘to:bo‘ﬁont
adsorptive of. iron. 8o was 1: most adsotycivn of. beazpyrcne. compnred.~17’;"

with 100Z adsorptionﬂfor’thtyso:ilc,'crocidolitc and anolite absorbed

e

ac:ion is uedia:ed :hroush exogenous benzpyrene. This has not been
denonatrlted as yet in hpnans. A 10X desorption from chrysotile by
serum in three days was demonstra:ed.“g a condition considered an
essantial first step in hydrocarbon carcinogenesis.

(5) Morphologic Changes. Electrom nicroncop} of snimal tissues
hasigrcgtly enlarged understanding of the processes that occur following
contact of pulmonary cells with asbestos. Examination by light, phase,
and electron microscopy by Suzuki and Churg‘9 of subcsllular tissue
of hamsters intratracheally exposed to chrysotile revealed the successive
steps that occurred in the :ycoplasm of certain pulmonary cells.
Particularly informative for the mode of chrysotile action was the

description of the formation and the ultrastructure of the asbestos

III-16
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| \ . TAMLE X
V . TR ASBESTOS IMSULATION PLANTS -
| L0, WamEs OF pLANTS - § . :
. " INDIVIDUAL SAMPLES BY OPERATION AND SAMPLE BIZE
suelE s1z8 .- L o . N
oM WICH . - o1 s size SAWPLE 5128 SAeLE S1ZR S
. INDIVIDUAL «F 7 GBCOND . FROM WMICH SECOND FROM WHICH - FROM WHICH
nausr SAMPLE  PLANT . HIGHEST ‘' INDIVIDUAL PLANT  LOWEST INDIVIDUAL  praNT LOWEST IMDIVIDUAL PLANT
. INDIVIDUAL  DRASM S UiINDIVIDUAL  SAMPLE IDIVID.  SAMPLE INDIVID.  SAMPLE
areaarion SACLE Tl saewl | ol sawLs DRANY sueLE DRAN
[ - .. [
Walng. - 180.9 u 106900 1 x 0.4 3 oo 0.2 ? )
Yoraing 134.4 1)  aa » x 0.0 10 » 0.0 10 )
N Curiag 13.3 s X 199 . s x 1.5 3 ™ 0.1 1 cc
v Finlsbing 208.4 - i SRR} I 26 3 0.1 4 o« 0.1 1 3
laspection & Peckiag  92.3 st e 15 x 0.1 u r 0.0 u cc
) oo
Miecellsnsous 42,3 2 . '3 2 x 0.1 ) cc 0.1 4 cc

mv

. 5 o
1 = Al1 samples sxpressed gs fibers »3p/ce ,no.w.non, M-.n the scendard method recommended
-:-r:uoo—.,lnlw.A-hoo-n-q-:-rno :-3:..-%4, »ozonnuusen—a-v-uoin.—ooa

through 1971). :




TABLE X

' ASBESTOS INSULATION PLANTS :

[

© T MgER OF PLANTS = 5

MEANS BY OPERATION AND SAMPLE SIZE ( )

2nd . - 2nd

OPERATION Euaﬂumw w—.-bz.—. _ HIGHEST PLANT LOWEST PLANT LOWEST PLANT
Mixing 74.4 (1)) x 46.3 (1) Y 4.1 () R L 1.7 cc
Porming 50.6 (39) X 2352 (3 v 0.7 10) B 2.2 (D cc
Curing 14.4 (5) x | | ‘1.5 (1) oD 0.1 (1) cc
Finiehing 39526 x 15017 Y 1o @1) R 0.9 (&) cc
Inspection b Packing  22.8 -(15) x 11.0 (19) ¥ 0.5 (1) R 0.3 (11) cc
Miscellaneous 16.6 (24) X 2.7 (5) Y 2.6 (4) DD 0.2 (4) cc

1 - All eamples o,n—.n.o-oh as fibers »3u/cc counted by the standard aethod
recommended 1in this mon:lonn.. Fono-n available NIOSH data collected
during the years 1966 through 1971).




. -

» ¥ s H
Bt ? i e

S Urase

| . ¢’ LATEST suavEY assats
o "o .asstsios TextiLe
7Y wuMBEE OF PLANTS - 8
PLe e .
INDIVIDUAL SAMPLES BY OPERATION AMD TUE SAMPLE SIZK INDIVIDUAL SAMPLE WAS TAKEN FuOM

: T misEmsfec Sw

SuCLE S1ZE . -SAMPLE 312K SueLE 5128 SANPLE SIZE

FROM WMICH - BECOMD  : PROM WHICH SECOND  FROM WNICH TROK WMICH

uIGusst INDIVIOUAL  PLANT: WIGHEST  INDIVIDUAL PLANT LOWEST  IMDIVIOUAL PLANT LOVEST  INDIVIDUAL  PLANT
DDIVIUAL  SACLE : ., INOIVID, - SArLk IMDIVID,  SAMPLE WDIVID.  saPtR
e OPERATION saoLe e _BANPLE - DRawM _SanpLE  paaw _SANPLE  DmAWN

Piber Prepesetion 120.3 12 ’ » 4 A 1.4 9 K 0.4 ’ K
Cardiag . 183.9 1 ‘30 a 0.7 n « 0.4 40 3
Spinaiag 0.9 7Y P43 9 1.0 36 K 0.4 & ’
Teisting n.l 7 B X 0.5 8 X 0.2 [} [
Viediag 18,4 2 A0 x 0.1 40 3 0.0 40 «
Veaviag 123.2 st 25 A 0.1 50 X 0.1 50 X
Sops, Vick, Braid & Cord  11.0 3 3 o s 13 0.1 3 b
Tiatehing . 5.6 3 'Y 0.2 1] s 0.1 1] 3
Hiscellansous 37.0 2 s o1 43 « 0.1 45 13

HER 0009172~ |
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TABLE XIT

LATEST SURVEY RESULTS )
ASBESTOS TEXTILE PLANTS
. NUMBER OF PLANTS = 8

:u»zmu<oam=>wﬂoz=~a=m>xarnmmnmAv
. - FIBERS/CC:)5u

SECOND SECOND
OPERATIUN HIGHEST PLANT - HIGHEST PLANT LOWEST PLANT LOWEST PLANT
¥iber Preparation . 22.3 (4) A 20.3 (12) B 7.6 (9) K 7.6 (5) J
Carding - 272.3 (10) A . 26.4 (30) W= 7.1 (22) K 6.1 (14) c
Sploning 12.5 (36) K 10.9 (11) A 5.8 (11) c 3.7 (2) J
Twisting 14.5 () A 10.7 (19) B 4.8 (4) c 3.2 (8) G
Winding 9.7 A 5.9 (24) B 2.8 (10) 3 2.0 (5) G
VWeaving | 12.4 (25) A 10.0 (16) 3 2.5 (11) c L1 6 E
Rope, Wick, Braid & Cord 7.1 (3) ) 5@ 3 2.6 (&) A 1.3 (&) K
Miscellaneous . C29.9 (D) A 9.7 (2) .6 2.5 (4) J 0.2 (2) E
Flutshing . 2.5 (3) ¢ s 1.8 (D) C ° 1.3(8) B 0.1(5) E
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TABLE XIII

{‘ "ASBESTOS CONCENTRATION* BY OPERATION
FOR INSULATION WORKERS

Marine Con- Actual Previous Recalculated
struction No. of Arithemecic Recalculated Time-Weighted Taoe-Weighted
Repair Samples Means Mean#a# Average#*# Averaget#®
Prefabrication 7 30.4 - 8.7 ) )

Application 25 6.2 2.5 ) )

; Mixing 19 Tl 6.4 ) y -

General 18 0.6 0.6 ' -9.2 ey 1.8

Tear Out 14 . 31.5 T 8.3 o )

Finishing 19 T 0.3 3.3 ) )

Light and Heavy

Industrial -

: Construction

Prefabrication 23 10.1 6.6 ) ) )

Application . 3.1 2,40 e ) WU

Mixing 4.7 e 2,9 ) . 62 ) - 2.2
General 1.6 B U O T )

Tear Out oo 10 12.8 i T ) )

_Finishing - . .1 _ 0.9 0.9 ). . .) .
Fibcts/nl‘}”S); in- Iength o -
. Summarizéd from daca T “"""““() #

ey *“ Personal eomnicn:ion. March: 1970 from Balzer & Coope”i

S e e e
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TABLE XIV

ASBESTOS CONCENTRATION BY OPERATION®, 1969

Personsl
- les
Work practice ; Bavironmental conditions Fibnrtaul Fibers/ml
1
- Asbest s cement High ceiling rocam. 2.4 .45
- T Louvre verting
wa . e T # -
Asbeatos cement Low ceiling room. 2.6 - -
Poor ventilation
T 3 v o e
Asbestos cmcn:’ Access tunnel . 6.1 - -
" .
Asbestos cement Power house. Low Cefling, = 3.9 2.5 3-%'
- poor .ventilation :
oo Cutting cslcium sili- Table and hand savs, in. - 1.2 - -
" cate, block, pipe. 1 power house - opcn .
e -Cutting calcium sili- Sm - 1a iadua:rul« S - -

. cate, block _6 pipc #2  ‘building. Good-ventilatiom.:

e P —

- Cuteing calcium sili~  Apartmenc house-bol lar toom.

cate block & pipc ] No ventilacion....Work 3"-13'
e . fron b:euhinz zone.
"i:u::‘:.ng. caletum #tli- Lm:ed v.n:ﬁ.uw - 3-4
cate block & pipe #4 . o f“‘ S -
SPnyin.; iuuhuon » ‘rurbinu {n power plant-=—~-- -ALL 19 S - L
very high ceiling, good =~ 7.} - 28.0 6'
vencilacion. e

* Fibers/alSp 1a length R

Hotas: ”;«-w -

1. Conditions uually variable: Cament nixnd dry - mlicd vet; repid changes i
local vcnr.ihtion. composition of material asy vury, -umber of men on job may
vary.-

-~ 2 Av-ugo of counts (excluding spray insulation): 25 !ﬂnrllnl = 64.5%;
-~ 5=12 fibers/ml = 25.3%; >12 fibers/ml = 10.02. ... «(8).
3. Information prepsred by Reitze, Nicholsom, and Bol&d&y : {

o
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{
" ASBESTOS LANT.Z - CEMENT PTPE
' PERSONAL SAMPLES - SECULAR TRENDS .
MEANS BY OPERATION AND SAMPLE SIZE y
1967 R 1971
No. OF - NO. OF
OPERATION MEAN SAMPLES , MEAN SAMPLES
Warchousing & Mixing 6.2 _ 4... .. . ) 2.3 2
Pipe Forming . "2.1 15 _ 1.8 4
Curing ‘ 1.3 - , 8 P T 0.4 .
Pipe Finishing S s e 1.7 10
Coupling Pintshing 2.8 g : 5.3 7
Epoxy 2.6 -2 0.9 3
Packing 1 A 1.1 7
Miscellansoua , . L _a,, : 0.5 9 }

)
T Q.
M

i ¢

1 - All samples expressed as fibers V@-\nm.vw the stan

2 - Information prepared from NIOSH data.

,
,

, ,

.

'3 N o .
Y
A iy
<1

o N

mo.nm msethod recommended in this document.
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|
' ...t:.u !: _ . : .
ASBESTOS PLANT §: - FRICTION ,
T 4 i
PERSONAL SAMPLES - SECULAR TRENDS '
MEANS BY OPERATION WITH SAMPLE SIZE Ll
1966 . 1969 1n
) ~ No. OoF '’ NO. OF NO. OF
OPERATION MEAW ' SAMPLES  MEAN _ SAMPLES MEAN _ SAMPLES
Mixing, Comting & ..n.xnn..:—.-:n 7.5 Na. y a...o 6 11.0 16
Foruing A 5.7 B A 0.5 3 3.6 4
ot Pressing 13.1 T S 3 4.3 s o
B ] . : . . . _\‘
Baking - . 9.2 1 2.6 4 5.4 H -
Grinding & Sanding 10.8 . 34 4. 10 5.2 16 *
Cuttiog & Drilling 11.0 31 2.8 8 1.7 22 "
Bonding & Riveting
1lospection & Packing 9.6 3 S ~ 1.9 5 5.1 4 L o
Miecellaneous Priction 6.7 & A . 1.8 10 b

1 - All gamples anvuuu-oa as. fibexs Vu \:\nn by n:o mnnsbnna Method recommended in this document,

2 ~ Information _:.a_.a-.ou nnoa NIOSH nunu. S

,. . Sl
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-* TABLE XVII

| . ASBESTOS CEMENT SHINGLE, MILLBOARD AND GASKET
| PERSONAL SAMPLES - SECULAR TRENDS
MEANS BY OPERATION AND SAMPLE SIZE . : .
o Lanr .
... BERETYY 1970 o
- EE No. OF NO. OF ..
OPERATION MEAN  SAMPLES MEAN SAMPLES
Warehousing o _ B 8.9 4
Mixing o : ...M.a..u 14 4.4 6 |
Foralog | ) n.u a 36 2.6 3
Curing . i 0.4 1
Piotshing L o 43 3 1.5 ?
Packing - . %u - 22 0.7 2
Miecellaneous | 23 13 1.2 2 :
1 - All samples ouv.no.-ou -o tibers >5 a/cc vn. r—.n Standard Method recom.:nded in this document.
2 - Informstion prepared from NIOSH data. ,
| ’ | ~ .. .
: hy
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PRYIRE

‘TasLE xVIN
AsaEsTOS, uis,b.._..sl PLANT X
PERSOMAL SAMPLES' .._munﬁbn TRENDS
A U_ Ew..:%. PIPE
MEANS BY OPERATION WITH SAMPLE SIZE

1

1967 1970 1971 :

NO. OF ’ NO. OF RO. OF

OPERATION MEAN : - SAMPLES MEAN SAMPLES MEAN SAMPLES
Mixlag | 163.0 5 ‘ 36.2 3 4.4 11
Forming A 33.3 18 25.7 k| 50.6 39
Curing qu . 1 31.0 1 14.4 5
Finishing . 4.6 2 34.8 4 39.5 26
Inspection & Packing 16.7 7 17.9 3 22.8 15
Miscellaneous . 13.8 2 16.6 24

Office Worker

.

1 - pr ssmples nuvnoraoa ae npvanu.VU\B\oo by the Standard Method recommended in this document.

2 - Information prepared from NIOSH data.
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PRODUCT DESIGNATION MATERIAL SAFETY
DATA SHEET
Form Approved
Budget Bureau No.
Approval Expires
" Porm No. OSHA
SECTION'T  SOURCE AND NOMENCLATURE
MANUFACTURER'S NAME EMERGENCY TELEPHONE ¥O.
ADDRESS (Number, Street, City, State, ZIP Code) -
TRADE NAME AND SYNONYMS CHEMICAL PAMILY
CHEMICAL NAME AND SYNONYMS FORMULA
SECTION II  HAZARDOUS INGREDIENTS
APPROXIMATE ESTABLISHED 1D, sy
BASIC MATERIAL OR MAXDMUM OSHA
- -WP. OR VOL. STANDARD ORAL | PERCUT. | SPECIES | CONC.
SECTION IIT PHYSICAL DATA
BOILING POINT °F. | VAPOR PRESSURE o Hg.
MELTING POINT °F. | VAPOR DENSITY (Air=l)
SPECIFIC GRAVITY (320-1) EVAPORATION RATE ( =})
SOLUBILITY IN WATER  Pts/100 pts H,0 | VOLATILE % Vol. % We.
APPEARANCE
ARD ODOR
" SECTION IV  FIRE AND EXPLOSION HAZARD DATA
FLASH POINT FLAMMABLE UPPER
-, (EXPLOSIVE)
METHOD USED LTS LOWER
EXTINGUISHING
MEDIA
SPECIAL FIRE FIGHTING
PROCEDURES
UNUSUAL FIRE AND
EXPLOSION HAZARDS

X-4



PRODUCT
DESIGNATIOR

SECTION V

HEALTH HAZARD DATA

TOXIC
LEVEL

CARCINOGENIC

PRINCIPLE ROUTES
OF ABSQRETION

SKIN AND EYE ~
. IRRITATION

-RELEVANT SYMPTOMS
OF EXPOSURE

EFFECTS OF
CHRONIC EXPOSURE

EMERGENCY AND
FIRST AID
PROCEDURES

SECTION VI

CONDITIONS COMIBUTING
TO INSTABILITY = .

REACTIVITY. DATA.

- CONDITIONS CONTRIBUTING
TO HAZARDOUS POLYMERIZATION

INCOMPATABILITY: ... °°
{Materials to Avoid)

HAZARDOUS DECOMPOSITION
PRODUCTS

SECTION VII SPILL OR LEAK PROCEDURES

STEPS TO BE TAKEW IN
CASE MATERIAL IS
RELEASED OR SPILLED

WASTE DISPOSAL
METHOD

SECTION VIII SPECIAL PROTECTION INFORMATION

VENTILATION REQUIREMENTS

PROTECTIVE EQUIPMENT (Specify
EYE

LOCAL EXHAUST
MECHANICAL (General) GLOVES
SPECIAL RESPTRATOR
OTHER PROTECTIVE

EZQUIPMENT

SECTION IX

SFECIAL PRECAUTIONS

PRECAUTIONS TO BE
TAKEN IN HANDLING
AND STORAGE

OTHER PRECAUTIORS

Signature

Date
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" T d
. CRMENT PIPR PLANTS
. MIMGER OF, PLANTS = 7
INDIVIDUAL SANFLES BY OPEBATION AMD SAMNFLE $128
. S , s x
. SAMPLE SIIS SEcoMD . SAELE SIZE SECOND saeLs size LOMEST q»bﬁ:...nlﬂ..w_
i - WicuEsT . eba wuICH NIGUEST " . VROM WMICH LOVEST FROM WMICH . e JuorvIDUAL  INDIVIDUAL  PLAMT
orERATION IDIVIDUAL  INDIVIDUAL PLANT 1MDIVIDUAL INDIVIDUAL - ®LANT IMDIVIDUAL  IMDIVIDUAL saels sugis
sueLe sueLs SANPLE. ., SALs sarLs sARLE pryrin
- baaMM . T . DRAMM . DRAM
* Wetehousieg & Mizing 1.0 L 0 I 0 0.2 ] ¢ 0.2 4 qQ
Pipe Yosming . M7 . 0. 34 , .3 B 0.1 ¢ o 0.0 6 AL
Curtag 2.6 f.u 0. 21t 13 ﬂ » 0.1 4 z 0.0 . r
Fipe Platehing 4.6 10 z 4.0 3 Q 0.0 ¢ " 0.0 10 z
Coupling Piaishing 1.4 ? J 10.3 ’ z 0.0 1 ) 0.0 n A
T Spesy 42 1 " a8 i 0.3 3 ] 0.2 s "
" Paching 6.1 S | q 2y - . . . 0.1 n AL 0.0 13 Ad
_ , BT U R ST
Miscellaneous 1.7 ] ; 2 1 ' o it e 0.1 ] r 0.0 N z
1 = All sesples axpressed ss fibexs »Ju/ce counted by the stendard mathod secommsanded tn thie document.
(Latest Availeble Iu,onn Bats Collacted during the Tears 1969 through 1970). -
1
b
u.'. i o el
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TABLE 1T’
ASBESTOS CEMENT PIPE PLANTS

NUMBER OF:PLANTS = 7

'MEANS BY OPERATION s,miﬁ S1ZE ( ) )
SECOND , " SECOND ‘

OPERATION HIGHEST PLANT HIGHEST ) , PLANT LOWEST PLANT LOWEST PLANT
“ Warehousing & Mixing 6.3 (2) (1] 2.7 (4) ‘. N 0.7 (5) AA 0.4 (3) P
~ Pipe Porming 2.2 (3 N 1.8 (4) z 0.5 (6)  AA 0.3 (&) »
Curing 2,0 (3) 0 0.9 (15) BB . 0.4 (&) z 0.3 (6) P
._.,_.:... Finishing 1.7 10) z 1.3 (5) q 0.6 (9)  AA 0.5 (6) N
. Coupling Finishing - 5.3 (D 2 ,_“...H,o.“?x m. T 0.6 (21) AA 0.5 (16) P
. Bpoxy 47 () N 116 . B 0.6(6) P 0.3 (1) A
' Packing o 1) q L1 .z 0.7() BB 0.6 1) M
Mecellaneows ' 0.5 (9) B TR Y O N S 0.4 (9 P 0.2(3) q

S b
1 -~ All samples expressed as fibers>5u/cc counted by the stendard method

recommended 1in thie document. (Latest Available NIOSH Data Collected during

the years 1969 through 1970).
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E u».!.-u 13 2-».:9. . saeLs a_u-

{
. SAWLE SIzE ; SAWLE SIZE ; 0 SEOMD  SAWLE suzp . sueLE SizR
: FROW WRICH SECOND: ROM WHICR i . LOWEST 7ROM VBICH : LOVRST FROM WICH v
| INDIVIDUAL PLANT HICHEST INDI VIDUAL PLANT INDIVID.  INDIVIDUAL PLANY  IWDIVIDUAL  INDIVIDUAL LANT
" samLE: : INDIVIDUAL i SAMPLE sueLe SmeLE saeLe
: OPERATION DAV sawLe » DRAWN oravn
s iy
H ' .
' m :
Mixing, Costing & Extruding . 119 8 0.1 . N 0.1 ? “
Porwing ] v 9.2, ‘0.3 ! . " 0.1 s "
i
L
Mot Preseing 1 2.3 ) s 6.0! . 0.2 ? [} 0.1 ! L
Baking 7.4 S 8 1.3 . 0.% 2 ] 0.1 ? n
Grindiag & Sanding 10.5 . T 166 o 10 ] 0.1 10 “
_ Cutetdg b Drilling 4.4 22 s T 0.4 12 " 0.1 r "
' Bondtag & Riveting R . " Ls o 0.1 1 1 0.t 1 )
1sspection & Facking 1.1 ' s 9.9 PCX 13 . 0.1 13 »
Miscellemecus 6.4 ] a 6. L 0.1 s b 4 0.1 ’ u

1 - All sanples sxpreseed ae fibars > Ju/ce cousted by the standsxéd method
vecosmended 1 this documant. (Latest available WIOSK Dsts collected

" during the years 1948 through 1971).
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TABLE v :
: ASBESTOS FRECTION egm .
_w NWMBER OF w._..x.wm. . 5 ) | : .
| MEANS BY awu?ﬁoz__:._u..:_ ?E.Em:u )
. ., e I R I
OPERATION " * HIGHEST  PLANT PLANT LOWEST  PLANT = LOWEST  PLANT
Mixing, Costing & nuf_..:.___ 1.0 16) s R 4.3 (2) v 1.9 (7) M
Forming 6.0 (» U - s 0.5(2) T 0..(6) H
v =.on Presaing 4.9 (5) s 1.5 @__ a1 1.4 (%) N 0.7 (7) H
Baking ‘ 5.4 () s BTV R 0.6 (2) M 0.6 (2 u
... Grinding & Sanding 6.3 4 U 5206 s ' 21M K 1100 n
" Cutting & Drilling W4 ) U 7.1 22) s 0.9(H T 0.6 (N M
Bondiog & Riveting 28 () o : 0.2 (1) T 0.1 (1) M
Inspection & Packing 5.1 (4) S 3@ v 1.0 (&) M 0.9 (N T
Miscellaneous 2.2(9) B Q4@ W 0.8 (3 v 0.5 (5) A

1 - All samples expreseed as fibers >5u/cc n..u:...nnn by the standard method recommended
tn this document. (Latest available NIOSH data collected during the years 1968
through 1971). '
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[ Mvesa o7 fasts - 3 ‘

...m 3 ; * A
: i :B.S.u.f... u.z-.:a BY OPERATION AND SAMPLE S1Z8 .
‘. sueLE SIZE " SAWLE 5128 gawLe size
; ROM WHICH SECOND . FNON WMICH SECOMD  PROM WMICH® SAMPLE S12E
: WIGHEST INDIVIDUAL MIGHEST INDIVIDUAL LOWEST  INDIVIDUAL LOWKST FROM WHICU
¢ INDEVIDUAL SAMPLE . PLANT INDIVIDUAL.. . SAeLE ‘PLANT  INDIVID. saele Lant INDIVID.  INDIVIDUAL PLANT
OPERATI0M sueLE DA sanPLE - DRAMM SArPLE DRAWN SanPLE SAMPLE
: e A . DRAWN
Warehouwing 1.4 ) ® 0.4 3 toa 0.2 3 . 0.1 1 v
Mixing 16.6 . 15 | ‘9.3 & U 0.3 6 U] 0.3 15 %
Forming 6.6 18 Ly 1.7 3 w 0.1 18 ] 0.0 18 "
Curtng 2.5 2 [ WY " 0.4 1 " 0.2 2 R
Flutehing . 5.4 Y ] ® 4k Yoo 0.1 7 v 0.1 7 "
o Packing 3.8 4 T N1 2 v 0.2 2 v 0.1 s )
' Hiscel lanecus 1.4 2 v 1.2 Y S 2 0.9 2 ] 0.6 s )
_ R g
. " , Sa
1 - All samples expressed ae :voqowv.\nn counted by the standard mathod
ded 1n thie & Lacust available NIOSH dats collected
s.:.-a. the n.oq- 1966 through 1970).
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; i ; s : ,_ ;
S .
“ af ' ! .
, ; g C
' . WA S i L : { R i
!+ ¢ CASBESTOS CEMENT SHINGLE, WILLBOARD AND GASKET . :
. ol . HUMBER OF PLANTS' = 3 A
AT © '}, YEANS BY OPERATION 'AND SAMPLE SIZE ( )
OPERATION ; . 8 HIGHEST  PLANT": HIGHMEST - PLANT PLANT LOWEST PLANT
: R - f ' s : . 1) tt )
Ty o v . « ,
Warehousing - 6.7 (I R : h 0.1 (1) v
Mixing . K 4.4 (6) W 3.8 (15) R 1.8 .t) v
iy M . ,..
Porming | . m i 2.6 (3) W 1.3 (18) 0.9 (6) v
Curing 2 L5V L4 (2) 0.4 (1) W
Finishing 1.9 (1D) R 1.5 (2) 1.0 (7) v
Packing 1.2 (4) R 0.7 (2) 0.5 () v
Miscellaneous 1.2 (2) W 1.0 (4) 0.9 (1) v

1 ~ All samples expressed as fibers > 5p/ce counted by the standard
method recommended in this document. (Latest available NIOSH

data collected during the years 1966 through 1970).
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o M 4 S TABLE VII m_
ASBESTOS w»&mﬂ wbnsazn- AND ASPHALT PRODUCTS T
{ M . . INDIVIDUAL m»:wrum wn Ovunbﬂuczw AND SAMPLE SIZE* '
S INDIVIDUAL P x.. o i INDIVIDUAL
PRODUCT AREA HIGH i - | . OPERATION Lo OPERATION
Asbestos Peper: | 10.9 ‘ 0.0 Wood Mixing
. : ; Paper Making
Asbeatos 'Packing - 18.9 0.1 Braiding - !
T : : o Mixing & Calender )
oo . I L Forming
Lo o S © Cutting & Trimming
A : W
Asbestos bb" . . ;..u‘m 0.0 Dry Mixing
Products i ‘L o Wet Mixing
i ; ; ; ;o 5 Forming
¢ ! ) : _ Finiehing

Inspection & Packing

* IN Emu .—.:qu ASBESTOS —.-bgn.—. E nzmsnnng DATA PREVENTS TABULATING , W
ENVIRONMENTAL LEVELS INTO HIGHEST AND LOWEST INDIVIDUAL SAMPLE CATEGORIES BY
OPERATION. BASED ON A SMALL NUMBER OF PLANTS FOR EACH PRODUCT AREA, ONLY THE
HIGH, LOW FOR INDIVIDUAL SAMPLES WERE DETERMINED.

1 ~ All eamples expressed as fibers » Sp/cc counted by the standard method
tecommended in this document. (Latest available NIOSH data collected
during the years 1966 through 1970). . '
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BPREN A IR

bmunmudu -.ﬁ.nn wbanza AND ASPHALT w:bgnﬂm

. 2

MEANS u& omuub.n.nozm AND SAMPLE muNN.

: uIGH LOW
PRODUCT AREA , : MEAN OPERATION MEAN OPERATION
1 “ N
Asbeston Puper; 3.4 >l-ucl,a0l Mixing 0.7 Miscellaneoue
' . .
H. Asbestos Packing - 13.6 0.2 Mixing & Calender
2.4 Y 0.2 Forming
) ; Finishing

Asbestos Asphalt -
Products

I3 . t

LOWEST MBAN CATEGORIES BY OPERATION.

MEAN AND LOM MEAN WERE DETERMINED. .
1 - All samples expressed as n»vnno vut\nn ao:unnn by the standard method nanonia55hn

A-..anoun !:.:-E.a =n0m= data collected during the years 1966

in this document.
through 1970).

gmnb. oz A mE NUMBER OF PLANTS FOR EACH PRODUCT AREA, ONLY THE HIGH

#IN THESE THREE ASBESTOS PRODUCT AREAS, INSUFFICIENT DATA PREVENTS TABULATING ENVIRONMENTAL LEVELS INTO HIGHESTS
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'biologically lpproptit,‘,

VIII. APPENDIX I

Air Sampling Methods
T e T 63
In the study, of asbestosis conducted by Dreessen et al, midget

impinger count data were u:ed as an e-tinate of duat exposure. All of

the dust particles seen, both grlins and fibern, were counted since too
few fibers were seen to give an accurate measurement. 'The resulting
count concentration was a measure of overall dust levels rather ;hnn s
specific measurengng of t;e asbestos conéeniration. "This nnthéd‘uns ‘
satisfactory at :ﬁ;t time since exposures Uﬁr; massive and the control
measures inatalled to reduce overall dust levels also reduced the asbestos
dust levels. }'n . . st i

As duat levels uere reduced it became necessary to nnalu:t :hn

ER =

a:c:ibute of the du-: cloud. At. equnl lcvcla  i

'of overall dultinlll, :ha concentta:ion of n‘bento: could vaty connidgzably

from textile mlnufacture (75-852) to 1nsulntion (5-152).- !h:thltnore.

oy, e, —_—

if the limit were lawnred belov the 5 nppcf u:ed previoully and dult
counts taken by the aninger*:ecbnique, it would be nec.s:n:y :o conlidei
the effect of background dust, which could be as high as 1 mppef.

A number of methods for uensureﬁen: of asbestos dust conceatrations
have been used in the NIOSH epidcniﬁlogicii study of the asbestos product
1ndultry.73'76'7s'76 Based on these data, the prcfctr;d index of asbestos
exposurs is the concentration of fibers loﬁget than 5 pm counted on
membrane filters at 430X with phase contrast 111unih¢tion.71'72 This
index is utilized in the method adopted as the standard field sampling

methqd by the Public Health Service.
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Fibers longer than 5 ym in length are counted in preference to &ountii‘

all fibers seen in order to Binimize observer/microscope resolving pover
variabilicy. Fut:herﬁbre. the British define-2 "fibre" as e pnzticlc.g
“of length between 5 pm and 100 sm and having s length-to-breadth ratio '
-of at least 3:1, observed by transaitted light by means of & microscope -
at a nsgnification'of hppfoxinstely soox."

Although the British have refrained from standardizing on a single

method of messurement, recent measurements have been performed by a

method essentislly identical to the f!ber-couné tethod described 1n

detsil below, and the Britilh hygiene s:andnzdt for use with their

- 82
aubeu:oo :egulntions are l:a:ed in theue :‘fﬂ.u‘;’

-Principles of Saugling L - SR :; ;; 5

A dust lampling procedurn nust be dccigned 80 thlt .lnplea of .
actual dust concentrations are collec:ed sccurately and couaiaten:ly. )
The results of the analysis of these samples will tcflccg:re:li.ticnlly;
the concentrations of dust at the place and time of lqnpliﬁ;.

In order to collect a sample representative of sirborne dust, which
is likely to enter the subject's rcapizntory'uyatqn, it is nece;lary to

position & collection spparstus near the nose and mouth of the subject

" or in his "breathing zone".

The concentration of duet in the air to which a worker is exposed
will very, depending upon the nature of the operation and upon the
type of work performed by the operator and the position of the operator
relative to the source of the dust. The amount of dust inhaled by s
vorker can vary daily, seasonally, and with the veather. In order to
obtain representative samples of wvorkers' exposures, it is necessary

to collect samples under varying conditions of weather, on different

VIII-2
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days, and at different times during a shift.

The percentage of working time spent on different tasks will affect

the concentration of dust the worker inhales since the different tasks

usually result i{n exposure to different concentrations. The percentage
can be determined from work schedules and:by_oplervq:ion of work routines.
The dailyfnveruge weighted exposure can be deternmined by using the

following forwla: ..

(Bours X conc. task A) + (Hours X conc. task B) + etc.
8 HOugs (or actual hours woiked)

The concentration of any air contaminant resulting from an industrial

operation also varies with.time. Therefore. a longer nlﬂpligg_tipqgvill

better approximate the actual average. ST

With the following recommended sazpling procedure, i:fiilbélyiblc to ..

collect samples at the workers' breathing zones. for periods™from 4 to 8

.

hours, thus permitting the evaluation of average exposures for s half or
full S-hoqr shift--a desirable and recommended procedure. é&fﬁietmote,
dust exposures of a more normal work pattern result from the use of
personal samplers. In evaluating daily exposures, samples should be
collected as near as possible to workers' breathing zones.
Collecting Sample |

The method recommended in this report for taking sszples and counting
fibars is based on & modification of the membrane filter method described

by Edwards and lynch. n

—
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The sample should be collected on a 37-millimeter Millipore type AA%

fil;qg‘pounced in an open-face filtez.holder. The holder should be
fastened to the gg;?e:[;_l;pcl and air drawn through. the .filter by
_ means of s battery-povered perscnal sampler pump similar to those

approved by NIOSE under the provisions of 30 CYR 74. The filters are

© countained in plastic filter holders and are supported -on pads Hhi;h -
also aid in controlling the distribution of air through the £11:er.;
To yield s more uniform sample deposit, .the filter-holder face-caps
should be renoved. Sampling flow rl:ci £ron 1.0 liter per minute (lpm)
up.to the maximum flov rate of the pnrlcnnlwlanplot pump (usually not -~

fover 2.5 ipm) and sampling time frcufls ninutel to eight hourl are_m‘

e ; - T -_accep:able ptOV1ded :he follouing rcu;:n&ntl lre conaidcrcd'

ulting fran :he randon T

distribu:ion of the fibers unlt bc»kzp: to an accep:ably

fiber: :he statistical. ert_*

low level. Since fiber counts follow a Poisson distribu-
tion, a count of 100 fibers in a sample would have a
standard deviation of I0U or 10 fibers or # 10Z. Thus
the 952 confidence limits would be approximately 2 standard
deviations or # 20Z. . Since -the .37 sm filter has an effec-
tive collecting area of 855 unz and the projcctid field |
area of the Porton reticle is 0.005 unz. each field rep-
resents 1/171000 of the sample. Baaed on this ratio the
following number of fields must be counted to measure the
various limits in various sampling times:

*Mention of commercial products does not constitute endorsement by

the Public Health Service or U. S. Department of Health, Education
and Welfare.

VIII-4
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Time — = Flow Rate Number of Fields for 100 Fibers
s'::rlzt:zs —lem 0.2 fibers/ml 2.0 fibers/ml 10 fibers/ml
4 0 I 4350 435 91
it 15 ot .2 2860 - - 286 58
30 2 1430 143 29
90 i 1000 100 _ 20
90 2 500 50 10
240 . 1 260 26 1
240 2 180 18 [
480 . . - "1 180 18 &
4b) _Do.aot .count & field contsining over 20 fibers because
1§ addition to the fibers being counted, there are also
*preseat a number -of - grains, vhich interfere with the _
achracy46?-;hc'coﬁn:; ‘ i _
o hwii;i§¢j ﬁi;hglg,reitriigtn,'1.3;. nurber of fields to be . . ... =
coﬁh§¢¢ian§ naximum number of Ei;;tllﬁit !i-ld. aqceﬁ:&blp' *
N ‘liiz?b;;lndtezl‘for the varicua limits are nndcflxnsdj?;f‘»”
‘ o 1:?&::5;;0 t:bioj.

The following conclusions may be drawvn from this analysis:
-(1) The short-term limit should be for s period of at
least 15 minutes and preferably 30 minutes.
(2) The 2.0 fiber/cc limit may be evaluated over
periods of from 90 to 480 minutes.
As many fields as required to yield ac least 100 fibers should
be counted. In general the minizua number of fields should be 20 and
~ the maximua 100.
' Mounting Sample
The mounting medium used in this method is prepared by dissolving

0.05 g of membrane filter per =1 of l:1 solution of dimethyl phthslate

VIlI-5
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and diethyl oxalate. The index of refraction of the medium thus prepsred
1s N‘D - 1.‘7. - N e T LTI ’
To prepare a sample for-miéféocopiéAéx;;;:;tZo;;-i &;;f of the

mounting medium is placed on iTEEe;hiy:éliined. standa® (25 m X 75 m),
microscopic slide. A vedgc-shnped pinco vith are lcng:h of about 1 ca 1-
excised from the filter with a -calpcl and forcepo and placcd dult-lide-up
on the drop of mounting solution. A No. 1-1/2 coverslip, carefully cleaned
with lens tissue, is placed over the 211:32‘223§0.' Slisht>pfeooure on

the coverslip achieves contact becween 1: and the naunting mediun.‘ The.

llnple u;y be exanined as soon as - cho noun: 1. :rannpnrcn:. Ihc 0 tiCnl

one day. The sample. ahould be couneed vithin'cuo dnyo after nnun:ing.-

B ,. " . rews ~ -
U S-S L SIS IR . .
-

Evaluation

The filter aaﬁplea mounted in the manner previou‘ly described are
evaluated in terms of the conceu::aﬁioﬁ oft;lbes;osﬂfiserl greater
than 5 pm in length. A microscope equipped with‘phnne-éantfunt op:icQ
and a 4-zm "high-dry” achromacic ébjiciive is ;;itnSi. for Ehigﬁaeter-
mination. 10X eyepieces, one of which containn a ?or:on or oth.r W
suitsble reticle at the level of the field-liniting diaphragn. lhould
be used. The left half of the Porton reticle field serves to define
the counting area of the field. Twenty fields located at random on the
sample are counted and tocal ssbestos fibers longer than S jm are

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

considered a fiber.

VIII-6
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The following formulae are used to determine the number of fibers/ml:

(1) Filter area (mmz) s K
Field area_(unz)

"Tfiin’Avet;g? net count X K = fibers/aml
Alr volume sampled (aml) -

For example, assume_the f.éuawing:' area of the filter used vas—
8SS umz, counting area of one field under the éorton reticle was 0.005 unz;
average net count per field of 70 fields vas 10 fibers; and sample was -
collected at 2 liters per minute for 90 minutes: - Themn: o

855mm? = 171,000. (K)
0.005 mm?

‘10 fibers x 171,000 = 9.5 fibers/ml

Calibration of Personal Samoler

_ The accuracy of”aa~§§f§x;is can be no greater than the accuracy. of :hc~“;x
volume of ‘air which is measured. ‘Thegeforcr»the accurate calibracion of |

a sampling device is essential to the correc:»intetpretacibn of an 1natru;h‘
imen:'l indication. The frequency of calibration is somewvhat dependent on

the use, care, and handling to which the pump is subjected. Pumps should:

be calibrated if they have been subjected to misuse or {f they have just
been repaired or received from a manufacturer. If hard usage is given
the instrument, more frequent calibration zay be necessary.

Ordinirily, puzmps should be calibrated in the laboratory both before

they are used in the field and after they have been used to collect a

large number of field samples. The accuracy of calibration is dependent

on the type of instrument used as a reference. The choice of calibra-

tion instrument will depend largely upon where the calibration i{s to be

performed. For laboratory testing, a l-liter burette or vet-test weter

should be used. In the field, a rotameter is the most convenient

VIII-7



' wprenlurc. tGﬂP‘Ilt“re and deﬂiity as vill bc cncountc:ad. Thc ‘Totameter

instrument used. The actual set-up will be the same for all of these

instruments. The calibration instrument will be comnected in ae{d;i;;

to the filter unit which will be followed by the personal sampler pump.

In this wvay, the calibration instrument will be at ntnoo;Ecr*c pééiihre. L
Connections between units can be made using the sames type of tubing uscd -----

in the pcrlonal sampling uuit. E:ch pump must be calibrated aeparntely

for each type of filter used, if, for exampla, it has been decided

to use a filter with a different pore size. The burette should be set up .7

so that thc flov is toward the narrov end of the wnit. -
Caxa must bc exercised 1; :he n-aenbly procedure to insure adcquace

‘cala ac chn,jaints aad :ha: :he length of connccting tubing be kept at_

‘Vn niniuun Calibration ahould be donc undcr :hc llﬂ‘ condi:iono of -

o

should bc uaud only 1n the field ll s chcek 1f tho dinphrngn or piston
pumps are not equipped with pulsation daspeners. The pulllting flow
rasulting from these type pumps causes the rot:ﬁctcr to give results
vhich are not as accurate as that obtained with a burette or wet-test
meter. Calibration can be accomplished with any of the other standard
calibrating instruments,. such as spirometer, Marriott's-bottle, -or dry-
gas mater. .The burette and wet-teat mater were selected because

of their accuracy, availability, and ease of operatiom.

VIII-8



IX. APPENDIX II

NUMERICAL HAZARD RATING SYSTEM

~ The numerical hazard ratings given to products for each category
of hazard shall be in accordance with the following criteria.

2 graphically 111&;:::::. the hazard identification system.

Health | 1zards shall be rated as folicus:

—-—

Figure

The health hazard rating of a material shall be determined by

evaluating the potential for exposure and the rslative toxicity of the

most toxic ingredieat of & compound or mixture. For this evaluation,

the following relative toxicity critéria* for absorbed or exposure dose o

will be used: . Ce : , z
Commonly Used LDy, Simple Oral .' jInhilntiqn 4-hr. LDgg - Sk;n'i;;
Tern Dose Rats mg/kg - .Vapor. Exposure,  Rabbits mg/kg -
: - Rats Mortality of S
2/6 to 4/6 ppm

Extremely toxic <l <10 45

Highly toxic 1.1 to 50 11 to 100 5.1 to 43

Moderately toxic 50.1 to 500 101 to 1000 44 to 340

Slightly toxic
or practically

non=-toxic 501 to 15,000

Relatively

harmless 15,000
Degree 4: Extremely Hazardous.

1,001 to 100,000

100,000

350 to 22,600

22,600

Materials, which on very short exposure, can cause death or major

permanent iajury, even though prompt medical treatment were gives,

including those which are too dangerous to be approached without spacialized

*(Reference:

1X-1

A.l.H.A. Quarterly, Vol. 15, No. 2, June 1954.

"Safe Handling
Procedures for Compounds Developed by the Petro Chemical Industry," p. 141.)
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.‘.;.Degree 3 Eighly Hazardous. . 5;";‘, o -

JOPRRRIE. <o o I b LT o B eiund

pro:qct;ve(gquipment, sQQh as self-contained breathing apparatus or a

ho;e manl;;;h ylpver, and impervious clothing.. This rating includes:

(a) Carcinogens .. . . e

()] Materials capable of producing semsitization

(e) Extrquixhgpxic materisls vhich can penetrate ordinary protective
clothing. . .

(d) Extrenelyibnzatdcus materials, when under normal conditiocns give off
gases chat are extremely toxic or corrosive through inhalation or by

contact with or absorption through any body surfacc.j

residual 1njury, even thaugh prompt_ medicll crcatnnnt vere 3iven. including
:hone tequi:ing protec:ion from 311 bodily contac:. Thia rating includes: -
(s) Hnteriall giving off highly toxic canbuation products -
(b) Materisls giving off highly toxic gases or vaporl. under normal
conditions
(c) Materials corrosive to living tissue or highly toxic by skin absorption
Degree 2: Hazardous.
Materials which on continued exposure can cayse temporary incapa-
citation or possible residual tnjury unless prompt medical truitnant
is given. This rating includes:
(a) Materials giving off moderately toxic combustion products
(b) Materials which either under normal conditions or under fire conditions
give off moderately toxic vapors lacking warning properties.
Degree 1: Slightly hazardous.
Materials, which on exposure at normal conditions, would cause

irritation but only minor residual injury even if no treatment is given.

1X-2
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This rating includes:

(a) Materials which under fire conditions give off slightly:toxic-op---~-

irritating combustion products
(b) -Materials which on the-skin could cause irtitation without
destruction of tissue
Degree 0: Harmless.
Materials which on exposure by .skin contact, inhalation, or---
ingestion are relatively harmless or which under fire conditions offer

no hazard beyond that.of ordinary combustible materials.

Flmabmcyas’az‘gm:,_s&-u?;;a.-}-;.m as follovs: -~ -

Degree 4. :“;ii"vf'“’:"';? _ _
Ma:eritlc which will rayidly or canple:ely vaporize at atmospheric

pressure and notnal ambtentmtenpera:ure or which -are readily dinpetled R

in air, and vhich-willwburn readily. This degtee'lhouldlinclude:‘
Gaseous materisls: C(ryogenic materials; any liquid or gaseous msterial
which {s & liquid while under pressure and having a flash point below
73°F (22.8°C) and having a boiling point below 100°F (37.8°C). (Class
1A flsomable liquids.)

Materials which on account of their physical form or environmentsl
conditions can form explosive mixtures with air and which are readily
dispersed in air, such as dusts of combustible solids and mists of
flammable or combustible liquid droplets.

Degtee-B.
Liquids and solids that can be ignited under almost all ambient

teoperature conditions. Materials in this degree produce hazardous

IX-3
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" at_or above 73°F (22.8°C) and below 100°F (37.8°C). (Class 1B and Class

' lclf-contained oxygen (e 8., dry ni;roc.llulosJ

‘relesse vapor in sufficient quantities to produce hazardous atmospheres

ltnoibhe:es with air undetuflnnq; all axzbient temperaturss, are readily
ignited under almost all conditions. This degree should include:
Liquids having a flash poiq;hbelav 73°F (22.8°C) and having a boiling

point at or above 100°F (37.8°C) and those liquids having a flash point

1c tllmmable-liquidl); L e e

Solid materisls in the form of coarse dusts which may burn rapidly
but which generally do not form explosive atmosphere with.air;

Solid materials in a £1brouo or lhrcddcd forn uhich may burn

rapidly and crante flnsh £1re ha:&rdc, ,such ¢ '.os:an. sisal and hexp;

' Solidn vhich burn uith extruna :;pidi:yﬂusullly by reason of

R

Materials vhich 1gn1:e npontapgogs_s}y vhen exposed to aif.’
Degree 2. - s - '
Materials that must be moderately heated or exposed to relatively
high lnbignt temperatures before ignition can occur. Materials in this

degree would not under normal conditions form hazsrdous stmospheres with

air, but under high ambient temperatures or under moderats heating may

wvith air. This degree should include:

Liquids having a flash point about 100°F, but not exceeding 200°F;
solids and semisolids which readily give off flemmable vapors.
Degree 1.

Materials that must be preheated before ignition can occur.
Materials in this degree require considerable preheating, under all

ambient temperature conditions, before ignition and combustion can occur.

x-4
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This degree should include: .

Hlt.!i&ll which will butn in air when exposed to & tup.utun‘of '
1500°F for a pcriod of five mutu -oF .less;

Liquids, solids and uniuudl ha:i:ng a flash point abave 200'!'
this degree includes most ordinary combustible materials.
Degree 0, - :

Mate: (ala that will net buf’n, This degree should iuclude any
waterial which will not butﬁ in air vhen exposed to a temperaturs of

1500°F for a period of five minutes.

R T
LR AT

A.Axéa_é:ivi_;yja,_z_g_q;}rlh‘ll_Ab“"uted as follows:

_: Degru:b« - . .
Materiale:- vhich are: tudily cnpablc of dctm:ion or: ot u.vlolivc

~ decomposition or: exploc:l.u ruc:ion lt noml :up‘ututu und puuuru. ._jﬁl

‘l'hic degtu -hould {aclude’ u:erinh which are seatitive to uchmicd
or loulizcd thermal shock at normal temperatures and pressures.
Degree 3

Materials vhich are capable of detonation or of explosive

" _decomposition or explosive reaction but which require a strong initiating

source or which gust de heated under confinemsnt before ianitiscion. This
degree should include materials vhich are sensitive to thermal or
mechanical shock at alevated temperatures and pressures or which react
explosively with water without requiring heat or confinement.
Degree 2.

Materials which are noimlly unstable snd readily undergo violent
chenical change but do not detonste. This degres should include materials

which can undergo chemical change with rapid release of snargy et norzmal

1X~5
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ternper;turel and pressures or which can‘undcrgo violent chemical change
st elevated temperatures and pressures. It should also include those
materials which may react violeatly with vater or which may form poten-
tislly explosive mixtures with water.
géec 1.

Materials which are normally stable, but which may react with
vater with eome release of emergy but not violeatly.
Degree 0.

Hn:erills uhich are nornal;y stable, even undcr‘f;rc exposure

conditions, and which are not reaccive~v1:5 wace;{ :

Specific hazards:

Oxidizing.uaferill. A subsﬁnn&e as chl;iltl; ﬁz;ﬁaﬁg;natt, peroxide,
or s nitrate that yields oxygen to support combustion or which reacts
readily to oxidize fuels or other combustible materials.

Corrosive Material. Acids, alkali or other material that will cause
severe damage to living tissue or to other material it contacts.

Vater Reactivity Hazard (Use No Water). Any material that may be a

hazard because of its specific resctivity with water.

IX-6 .
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Figure 1. [Mazavd Idebtificadion System
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COLOR AND DIMENGION

Color format for NEPA No, 7043 designations are snown ahove.
‘The colors indieated shall poeeptibly mateh in shade the
applicable color ¢f FED-STD-595 as {ollows:

Culor Class
Black 17008
Red 11105
White 17875
Ycllow 1538
Blue 15102

Dimensions of the symhol wn! 1401 wirning combination shall be
optional but of such size und 1. catieee 2z to be rendily visible and
legible,

The symbel and warning shall 1 | pplicd Ly steneiling, padlnting,
printing, lithograpbing, wis, @ <resi wanl materinls,

1x-7
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X. APPENDIX III
MATERIAL SAFETY DATA SEEET

The £ollw1ns‘iim of informatior which are applicable to & specific
product or materisl containing ST or more of asbestos sball be provided -
in the appropriate section of the Matarial Safety Data Shest or approved
forn. If a lpcci.f)ie item of informstion is inspplicsble ({.e. flash point)
initials "n.a."” not applicable should be inserted.

(1) The product designation i{n the upper left hand cormer of both
front and back to facilitate filing and retrieval. Print in upper case
letters in as large pfﬁt—pouibh.

(11) Section I. Nm n.nd Sourcc :
(A) The nane, addtcu md ulephonc ousber of the. unututurct ot

- e

supplier of thc product. -
(8) The trade name and synonyns for a mixcure of chntull, s Buic '

structural ntaul. or for a process naterial; and the :zndc naze and
synonyms, chauul nsme and synonyms, chemical family, and tonnh for a
single chemical.

(114) Section II. Hazardous Insf.dicnn.

(A) Chemical or widely recognized common nams of all hazardous
ingredients.

(B) The spproxinmate percentage by weight or volume (indicate basis)
wvhich sach hazardous ingredient of the mixture bears to the vhole mixtures.
This may be indicated as a range of uxunun amount, i.s., 10-20% Vv; 102

max. W,
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(C) Basis for toxicity for each hazardous material such as established
OSHA standard (TLV), in appropriste umits and/or LD,O. showing amount and
mode of exposure and species or Lcso showing concentration and species.

(iv) Section III. Physical Data -

" (A) “hysical properties of the total product including boiling poimt
and melting point in degrees Fahrenheit; vapor pressure, in millimeters of
mercury, vapor demsity of gas or vapor (air = 1), solubility in water, in
pnrts per hundred parts of water by weight; spacific-gravity (water = 1);

. perccn: volatile, indicate 1£ by Height or volune, ac 70' Fahrenheit; evap-

otation rate for liquids (1ndica:e vhether butyl acetat. or ether = 1); and

':appearnnce and odof,

(v) Section IV. Fire and Exploaion Haz‘rd'batif>—

(A) Pire and: explouion hazatd data about a lingle chemical or a aax:urc |
of chemicals, including flaah point, in degrees Fahremheit; flammable limits,
in percent by volume {n air; suitable extinguishing media or agents; special
fire fighting procedures; and unusual fire and explosion hazard information.

(vi) Section V. Health Hazard Data.

(A) Toxic level for total compound or mixture, relevant syuptoms of
exposure, skin and eye irritation properties, principle routes of absorpticm,
effects of chronic (long-term) exposure and emergency and first aid procedures.

(vi1)  Section VI. Resctivity Data.

(A) Chemical scability, incompatibility, hazardous decomposition
produ&ts, and hazardous polymerization.

(viii) Section VII. Spill or Leak Procedures.

(A) Detailed procedures to be followed with emphasis on precautioms to
be taken in cleaning up and safe disposal of materials leaked or spilled.

This includes proper labeling and disposal of containers containing residues,

- x-2
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contaminaced absorbaats, etc.

(1x) Sectiom VIII. Special Protection Information.

(A) Requirements for personal protective equipment, such as respirators,
eye protection and protective clothing, and ventilation such as local ex-

haust (at site of product use or application), general, or other special

. types.

(x) Sectio.. IX. Special Precautions.
(A) Any other general precautionaiy information such as persomnal

protective equipment for exposure to the thermal decomposition products

'11|:ed in Section VI, and to particulates formed by abrading a dry coating,

such us by & power llnding -dise.. ,

(xi) Thn signacure of the responsible person"filling ou: ch. da:a sheet,

his sddress, and the dar.e on vhich it is filled out.

(xii) The N!?A 704u numerical hazard ratinss as defined 1n ucc:ion

(c) (5) follouing. The entry shall be made tunedia:ély to- the rizht of the

heading "Material Safety Data Sheet" at the top of the page and within &~

diamond symbol preprinted on the forms.
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Asbestos International Association

Member Associations

AUSTRALIA

South Pacilic Asbes!tos Assoc:aton,”
Sutle 610. Chaltis House.

10 Marun Place.

Sydney 2000. NSW.

Telepnone: 232 7004

Tegx: 22467

‘Inciudes indonesia. Malaysia.

New Zealand and Singapore

AUSTRIA

Verein der Oesterreiciuschen
Faserzementtabnkanten.

¢.0 Eternit-* ‘erke Ludwig Hatschek.’
Pasttach S0. 4840 VGckiabruck.
Telephone: 07672:25 01

Telex: 026:608 or 026.500

BENELUX
(Belgium-Netheriands-Luxembourg)
8enelux Asbestos information Committee
{CIAB.CVAB).

Soite 32. Boulevard E. Jacomam 162

3 1000 Brussels. -
Teleohone: (02) 218-6329

Telex: 21 696

CANADA - .
Insutute of Occupational & .
Environmental Heaith (Associauoni,
AMAQ, Suite 320,

580 est. Grande Allée.

Quebec. Que, GIR 2K2.
Telephone: (418) 529-8168

Telex: 556 0565

CYPRUS

Cyprus Asbestos Association.

¢ o Cyprus Astestos Mines L!d.,
P Q.B. 118. Limassot.
Telephone: 053-15-355

Telex: 2083

DENMARK

Danish Asbestos Information Group.
¢:0 Dansk Eternit Fabnk A/S,

P.O. Box 763. DK-9100 Aalborg.
Telephone (8)121122

Telex: 69724

FINLAND

Finnisn Asbestos Information Group.
2.0 Oy Partek Ab, Covenng Matenais.
SF. 08680. Muijala.

Telex: 1415

FRANCE

Associaunon Francaise de I'Amiante.
9 Rue ge Teheran, 75008 Pans.

Tetephone: 562.88.27

GERMANY

winschattsverbano Asbestzemente.V..
Posttach 110620. 1000 Berin 11,
Tetepnone: 030-3485-250

Telex: 018-1640

Wirtschattsverbang Asbest e.V..
Oberschelder Weg 2-3.

6000 Frankfurt Main 50.

Telephone: (0611) 58 20 77

GREECE

Hellenic Asbestos & Asbestos Cement
Association.

8 Omurgu Street, Athens (133).- -
Telephon 3231244

Telex: 215371

IRELAND

Insn Asbestos Council.

6 South Lenster Street. Dublin 2.
Telephone. 01-753974

Telex: 24281 ang 25369

. ISRAEL

|Sraen Aspesios Users-Assoctation.
P.O 'Sox 32. Nananva 22100.
Telephone J4- g2 m! -

Telex 16294

ITALY

Associazione Nazlonale degli mdustnan

Amiantien

Unione Ingusinaie.

Via Fanu 7. 0128 Tunn.
Telepnone 57! 5239

Telex: 221247

Assocemento.

viadi S. Teresa 23. 00198 Rome.
Telephone 364 314-865.068

JAPAN

AlA Comminee

Japan Aspestos Association.
8-10-7 Ginza Chuo-«u. Tokyo.
Telephone 03-57"-8509

NIGERIA

Nigenan Asno~ < associaton.
cofNigerte. : ~*1821032.
tkeja. Lages ~ v-

Telephone - - -2

Telex: 262+

NORWAY
Norwegian A
c'0 C. Bagge ~ ~.nasixompam AS.
ingustnve:er * = < -sipoxs 146,
2020 Skegs:™ o c~mt
Telepnone o Y

Telex. 16273

135 intormaton Group.

REPUBLIC OF SOUTH AFRICA
South African Asbestos Producers
Agvisory Committee,

£.0. Box 10505,

Johannesburg 2000.

Telephone: 395458

Telex: 422514 and 422420

SPAIN

Asociacion Espariola de Fabncantes
de Proguetos de Amianto.,

Ma Diaz de Haro 38.

Apartado 558. Bilbao (10).
Telephone: 437 37 05

Telex: 32125

Asociacion de Fabricantes de
Productos de Amianto-Cemento.
Ratael Catvo 18. Madnd (10).
Telepnone: 4197 488

Tetex: 44295

SWEDEN

" Swedish Asbestos Information Group
*-Svenska Bromsbandsfaoniken AB..

880 20 Langsele.
Tetephone: 0620-217°50
Telex: 6151 .

" SWITZERLAND

Arbeinskress Asbest.
co Stiffler & Nater.
Dulour Strasse 101, 8034 Zurcn

UNITED KINGDOM
Asbaestos information Centre.
Sackville House. 40 Piccaailly,
London W1V 9PA.

Telephone: 01-4399231.23
Telex: 21120 raf. 2526

U.S.A.

Asbestos Information Assoc:ation NA.
1745 Jefterson Dawis Highway.
Crystal Squars. Suite 509.

Arlington. Virginia 22202.

Telephone: (703) 979 1150

Asbestos Internationat Association
68 Gloucester Placs.

London, England, W1H JHL.
Telephone: 01-486 3528

Telex: 298618 INTA G
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| TABLE XIX
ASBESTOS , q:.w.‘:.ﬁ.:.z PLANT Y
a “u. PERSONAL SAMPLES - SECULAR TRENDS
THERMAL PIPE

i

MEANS BY ,OPERATION WITH SAMPLE SIZE .

M : G 1967 1970 - 1971
: ~ NO. OF NO. OF NO. OF
OPERATION MEAN  SAMPLES MEAN _ SAMPLES MEAN  SAMPLES
Mixing 107,03 27.7 3 46.3 7
Forming 1 98.9. .—_N. _ 24.1 13 . 25.2 32
Curing .. o . ,
Finiehing R A 16.8 2 15.0 17
Inepection & Packing 13.3 2 13.0 8 . 11.0 19
E,o_no:!-oo:- 2.0 14 2,7 s

1 - Al]l samples oxpressed as .n»vonc AVU m/cec by the Standard Method recoumended in anc document.

2 - Information prepared from NYOSH datas.




OFERATION
wusiog & Minfeg
Yorwning

-

ng v

Finiehing
Ang _:..a-..?-
y
ung

cellsneous

Not Applicable

23

»

100

100

100

100

100
)

100
(8)]

100
(&)

100
6)

100
W)

100
($)]

100
»

100

100

100

100

100

! TANLE XXII °
ASSRSTOS CHIENT PIPR ¢ .

i PEACRET OF SANPLES LESS TWAN OR BQUAL 71O 2 Fiases/cc,
. S FISSAS/CC AND .10 PIBERS/CC LORGKN THAN S IN LENGTH,
P BY. VLANT AND OPEBAYION :
: ( ) = po. OF sAqLES °

RAPRESSNTS FIRERS LOWCKR TWAN Su

o3

viamT © ANt v o mamq . 4o LANT 2

: " PLANT AA
22 %3 X110 x2 15 %10 %2 £’ K10 X2 TS 110 12 13 1210
. M« w : .., .
‘6”0 100 100 100 100 100 100 100 = 30 100 100 100 100 100
: 6] 't w. 't T
33 200 100 100 100 100 100 100 100 73 100 100 100 100 100
) “ tn - ") 0
67 300 100 100 100 100 100 100 100  100¢ 100 100 100 100 100
o © m “ (s)
100 100 100 200 100 100 50 100 100 70 100 100 100 100 100
) ) ) (10) )
23 50 100 100 100 100 0 100 100 4 57 N 100 100 100
W) (16) (s) n (1)
100 100 100 100 100 100 - - ‘- 100 100 100 1060 100 100
(§3] (s) . 3s) 1)
100 100 100 - - - o o 100 e 100 100 100 100 100
m m (£ an
- - - 100 100 106 100 100 100 100 100 100 100 100 100

) (& I o )

PLANT 88
12 18
60 100
%)
100 190
(10)
9 100
as)
100 100
9
%0 100
(10)
9 100
. 6)
100 100
6)
100 ; 100
)

100

100

100

100

100

100

100

100
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~ . TABLE XXIII
_ e { Asamstos rRIcTIGN PLANTS :
. nm_qu or ES LESS THAN OR EQUAL TO 2 PIBERS/CC,
. -an \na AND 10 PIBERS/CC LONGER THAN u
: - BY PLANT AND OPERATION ’ .
. A_vn.._i-u-o_.mzn...ua
PLANT B PLANT ¥ - PLANT § PLANT T PLANT U
OPERATION 22 IG5 X0 IQ2 ‘%S X0 . X2 XS X410 22 IS 10 T I 7- T 231 )
Mixing, Coating & Extruding O 50 100 71 8 100 13 19 & - - - 0 50 100
" 2y ) : Cv : (16) . )
Forming o 100 100 100 - - - 5 15 100 100 100 100 61 67 67
o () . : . (4) (2) ) (3)
Hot Pressing 100 100 100 50 100 100 0 40 100 - - - 100 100 100
. m ON _ (5) (2)
| .
Baking _ 100 100 100 100 100 100 0 40 100 100 100 100 0 100 100
2 ) : (3) 2) ()
Crinding & Ssanding 90 100 100 57 86 100 13 36 94 88 88 88 ¢ 25 100
(10) m , . (16) (8) (&)
. Cutting & Drilling 0 713 8 100 100 100 . s M 64 86 100 100 ] ] 0
: . . Qn . @y (22) m (1)
Bonding & Riveting 75 75 100 0 100 (100} 100 ' i. - - 100 100 100 - - -
O , m o m
1 - . ' -
" Inspecting & Packing . S 69 . 100 100° 100 ' 100 - 0 50 75 66 100 100 o & 100
as: (%) . W n (3
Miscellaneous _ 6 78 100, 100 100" 1000 | - - - 100 100 100 100 100 100
9

a o (3 (¢))

- Not applicable
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i c B ' a mm_ .H “M N '
ASBESTOS CEMENT SHINGLE, LRFFUO»!B ARD GASKET
PERCENT OF SAMPLES LESS ﬂ:h! OR EQUAL TO 2 FIBERS/CC,

HER 0009217 . -

i !

BY PLANT AND OPERATION
()= _.saun OF SAMPLES

S FIBERS/CC, AND 10 FIBERS/CC LONGER TRAN Sy

i

|

PLANT R | PLANT U PLANT W
OPERATION 12 XIS 10 12 25 1410 X2 15 240
Warehousing {100 100 100 | 100 100 100 - - -
| K& w om
Mixing 53 67 93 67 100 100 50 67 100
(15) ) (3) (6)
Yorming . 83 - 9% 100 | 100 100 100 33 100 100
] (18) m (6) : Q)
i ' N
Curing .50 100 100 100 100 100 100 100 100
(2) _ (2) : 1)
Pintshing 71 9% 100 86 100 100 71 100 100
an ()] (¢)]
Packing 75 100 100 . 100 100 100 100 100 100 b
(4) _ . 2) . (2)
Miecellaneous 100 100 100 100 100 100 100 100 100
4 (6) (1) (2)

- Not Applicable




- Wot applicable

PLANT R
15

n
(&)

(10)
100
(11)

100
(1)

zg10

100

N S

5 !nuE\.nn- AND 10 FPIBERS/CC LONGER THAN $u

22

21

‘TABLE mxv

ASBESTOS TMSULATION PLANTS
PEACENT OF SAMPLES LESS THAN OR EQUAL TO 2 FISERS/CC,

BY PLANT AND OPERATION
( ) = NOMBER OF SAMPLES

PLANT X'

Z¢3
%,.
i

)
1)

0
(39)

0
3)

12
(26)

7
(1%)

46
(24)

<

PLANT Y
210 12 X5
18 o o
M m
H
15 0 9
m ) 32)
0 - -
0
Mu ¢ 6
N an
40 o 16
N Q9
& ¢ 40 100
. (3)

63

100

Ic2
100
100
100

100

100

100

PLANT CC

3
100
(2)

100
()

100
1)

100
(C))
100
1)

100
)

100
100
100

100

100

PLART DD

12 15
6 6
)

100 100
()

100 100
Q)

0 100
)

63 100
o)

S0 100
")

67

100

100

100

100

100
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h

» N
, !
L : ; :
X - .
) . R ’ .
: ;- & _..0 . .
. ASBRSTOS TEXTILE FiABTS)- .
JERCENT OF SANPLES LESS THAN OR RQUAL YO 2 VIBERS/CC, : : .
3 7IBRAS/CC, AND 10 PIBERS/CC LOWCER THAN S¢ . .
ST FLANT AND OPERATION
. ( ) - WamER o7 suaLas S
PLANT A PLANT ® PLANT C _w—.blu.u BN PLANT £ . PLAST C PLANT & PLART & 2
OPERATION 12 13 210 X2 X3 110 T2 X3 110 X2 23 Xl0 2213 I10 12 33 X10 X2 335 %10 32 13 110
Yiber Preparation O (] 1 o 17 58 o o 3 ° 0 ” - - - 0 ° S0 20 40 0 12 M 3]
“) an . o o, , (8] 3 "
Carding ° ° 10 ° ’ 40 0 (] 13 0 & 0 - - - | U Y] n 1 » 0 23 3% n
(10) (30) 0] ‘ aey (14) (40) (1)
Splaaing ° ’ 3% s 2 ” o 1 n o 1 “ o - - e o 33 100 o 100 100 [ YT a2
o an (43) Qan T8 . 0 ) 36)
Twisting ° ° 2 o u 8 o % 100 13 S0 - - - 15 100 s 2 ® a5 38 50
y (8))] 19 «) . (e, ) 3%) ({7
Elml ) s » S0 25 S48 0 6 100 43 N s - - - € 100 100 40 90 100 4 53 78
B : (1) (1) 5) (¢} S (s) (10) (40)
Vesving T T 4 16 30 86 3% 300 100 s » 8 & 10 100 s 30 100 o 13 ¢ 16 76 %
: , (23) . N (1) N 't (1) 16) (50)
Wick, Bratd ; : o : 5 100 100
et T 50 15 10 e 100 100 - - - 3» 3x - - - - = < o 10 100 «
(4) . 3 : X o (2)
p i 0 9 100
Miscellaseons ° [ 0 33 & 100 - - - 0O S0 83 100 100 100 o s S0 30 100 100 “us)
[t ) ()] RO ) ()] ")
2 100 100 S0 100 100 o 200 100 100 67 ¢ 100 0 10 "
Fintohing - - - - e e - - - )
. (28) ® c (9 ) i

- Not Appliceble
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TABLE XXVII

Duration of employment and known exposure to

Asbestos and- the development of X-ray findings

of Asbestosis in 232 employees of an Asbestos

Insulstion Factory, employed sometime in-1941-
.1945 and examined in 1969-1970.

Z-RAY ASBESTOSIS

DURATION

oF + |
EMPLOYMENT ‘OTAL 0 - 1+ 24
1 DAY OR 7 3 0 6 0

LESS
1-7DA3s 13 6 3 s 1
1- 6w 15 s oot 3 PR St
1-3M8 s ‘5 "‘- S 5 23 - 1 RERE
3-6ms 38 8 o 3 ey meeeey
6-12s - 3 s 315 TTUUUEES g
1-2Y8S 48 7 5 s 8
2-51ms - 38 3 8 STREEEE ¥
s-16vRS . _12 1 0 s 4

232

ALL EMPLOYEES INCLUDED. EXPOSURES VARIED FROM
"NONE" (OFFICE) THROUGH THAT OF MANAGEMENT,
ENGINEERING AND SHIPPING, TO THAT OF PRODUCTION
EMPLOYEES.

1 - Personal Communication Dr. Irving Selikoff, Jl.nﬁlry. 1971.




Ca: _of Death
Lung cancer
Mesothelioma

G. I. cancer
Asbestosis

All other cancer
All other causes

TOTAL

(-]
[
&

N f N
o 2 ©o » o o

~
@™

3
0
1

'2 L

w ~ .
-~ [ ] [

TABLE XXVIII

8
0

6-

_30.

54

14
0
3

52
84

Lapsed period from onset of exposurs in 344
. deaths among employees of an asbestos

insulation factory, employed at soma time
in 1941~1945 and followad to 1970.

Years from Onset

16

o @ o

8

‘%-9  10-1’  15-19  20-26 25

18

1 - Personal communication Dr. Irving Selikoff, January, 1971.




Race

Sex

Occupational Bistory
‘Before asbestos exposure
Asbestos expoture
Duration of exposure

Type of Work
After asbestos axposure

- Type of nbu’:oi

. . ‘ Respirstor protection -

)iuothclim History
Age at death

Site
Histological diagnoais
Lapsed period since
exposure
Duraticn of illness

Concurrent asbestosis

Smoking history

Duration of smoking
history (years)

1 - Personal communication Dr. Irving Selikoff - Jaouary,

L2

neap o

amosite~

_|erocidolite

T4
Peritonesl &

Pleural
Biphasic

25 years

13 veeks

Pleural

Calcifica-
tion

0

TABLE XXIX

Chryloulc- -

SUMMARY OF 4 CASE HISTORIES OF EXPOSURE TO .-
ASEESTOS AND SUBSEQUENT DEVELOPMENT OF MESOTHELIOMA

v ] v
F o ?
Student None Hone
¢ .eeks 3 years Unknown - at
least several yrs
Pipe lnsulation |[Neighborhood Panily exposure
exposure
Housevwife Bookkeeper-£1loox Rousevife .
DABAgET
Chrysotile~ Chrysotile- | Amosite
. smosite amosite 1. .
None ) VU HA
4 -30 - . » S
Right Pleural Pleural Laft Pleural
(Biphasic) epi- | Biphasic -
thelial & fibroug Plecmorphic
21 years 19 years Unknown
S veeks 1 year 2 years
Grade I by X-Ray Nene Fone by X-Ray
40 20 KA
24 S years -
Btopped in 1965
h971.
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{ | TADLE XXX | .m»

a..voo:!- and Expected Desths .—dnoc-f Decamber 31, wos by Cause sud Dust Exposure
Score, for 291 Males vho Worked Primarily in Non-Asbestos Productioca snd

; Maintenance Service Jobs and for 1464 Males who Morked Primarily ia Asbestos *

: Production and Maintenance-Service Jobs -.E Retired During 1941-1967, Showing

Standsrdized Mortality Ratios (SMR'e)

Lk A 4

boo.l_:—-n:o axposure to asbestos in wmillfon _.-nno per cubic foot years (mppcfyr)

Cause of Desth sud Internstiona] Limited Exposure T & 138 125-250 250-3500 :
Lise Number . Obs, Exp,  SMR |Obs. Exp. SHMR  |Obs. Exp., SHR | Obs, Exp. SHR !
All Causes : “A 114 129.9 7.8 |3es s »ow.o 162 139.8 115.9 | 184 156.7 117.4%
All Cancer (140-205) 22 7 22,3 98.6 | 74 563 1N.As| 23 23,6 97.4 | 52 26,4 197.10
Digastive System (150-159) 9 8.2 109.8 | 27 .-.e_ 123.3 5 8.9 56.2 | 19 10.0 190.0¢
Lung, Broachus, Trachea . N
& Pleura (162-163)- ' 8 4.8 166.7 | 18 160.2 | 11 8.9 224.5¢| 16 5.4 296.34
All Other Cencer s . 9.3 538 |29 -~.. 7 9.8 71.4 | 17 11.0 90.9
Cersbral Vascular Lesions | 13 . 14.8 101.4 k1 _:..u 14 16.2 86.4 15 18,2 82.4
.- (330-334) : o
" A1l Heart Diseass' (400-443) 4  60.8 5.6 noun,.~o~ u _c. 2, | 712 6.5 109.9 | 75 73,3 102.3
Coronary Heart Disease LI )
(420) 3 48.9 80.1 |129 “124.8' ﬁeu 4 |59 522 m30 | ss  sr.e 95.2
v o+ All Other Hesrt Disease 7 12.1 357.8 39 '36.4 107.1 13 13.3 97.7 20 15.3 129.0
" Disesses of the Respiratory 10 7.2 129.9 | 26 19.0 162.5¢ | 11 0 137.5 | 17 8.9 191.00
Systea (470-327) _ : _
Pneumoconiosis & Pulmo- 3 - - 8 - - 3 - - 8 - -

nary Pibrosis (523-525)
All Other Causas 22 24.5 089.8 66 aa..a 99.1 42 26.5 158.5% 25 29.9 836

® SHR eignificantly different n ou 100 at 5X level,
Source: A Study of the Dose-Responss Relationship Between Asbasstos U:on ‘end Luog Csuncer by Philip Enterline, Pierre
DaCoufle and Vivisn Henderson (Unpublished Manuscript)
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.  TABLE XXX (continued) :
_
t . . . N
Cause of Death and Intermationsl S00-750 - 1 130 _ _ _ v .
List Mumber Obe, Exp. SHR JObs. Bxp. SHR [Oba. Exp. SMR | Obs. Exp. SMR et
All Causes 77 50.2  153.4% |34 26.2 129.8
All Cencer (140-205) 18 8.7 206.9%] 9 4.5 200.0 .
Digestive System (1350-159) ¢ 3.3 1818 | 2 1.7 112.6 : !
Lung, Bronchus, Traches V-
& Pleura (162-163) 1 9 18 so0.00]s 0.9 sss.6
All Other Cancer 3 36 833 |2 1.9 105.3
Corebral Vascular Lesicns s 3.6 8.3 |3 30 100.0 |
(330-334) |
All Bearc Dissase (400-443) 36 23.5 153.2% |1 123 e9.4 - L
Coronsry Heart Disease :
(420) 24 1386 1226 |8 9.9 808 5 |
All Other Heart Dissase 12 A7 25534 |3 2.4 1250 : |
Diseases of the Respiratory . 1 2.6 39288 |9 1.5 60000
Systea (470-527) :
Pneumoconioais & Pulmo- 8 - - .5 - -
pary Fibrostis (523,325) :
All Other Causes 7 96 729 |2 49 0.8

*5MR eignificantly different from 100 at 3% level. ® B4 CMNATN e WPCE 43— 739-434/004

b




