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Introduction

The Occupational Safety and Health Act was signed into law on December 29, 1970
and became effective on April 28, 1971. The Act has the stated objective of assuring
every American worker a safe and healthy workplace.

On December 7, 1971 the Secretary of Labor issued an emergency-temporary stand-
ard for exposure to asbestos dust. As required by the Act, a permanent standard for
asbestos exposure was promuigated six months later, on June 7, 1972. The present
OSHA Asbestos Standard, discussed in this booklet, became effective July 7, 1972.
Thorough understanding of the standard is important to management of any com-
pany utilizing asbestos in its manufacturing or processing operations.

The work practices on the following pages have been prepared by the Standards and
Technical Committee of the Asbestos Information Association/North America. They
are intended as general guidance for safe and clean workplace conditions in keep-
ing with the spirit and intent of the OSHA Standard fo Occupational Exposure to
Asbestos Dust. -

These practices have been developed through careful study and consultation and
are recommended as good procedure. It is recognized that manufacturing conditions
vary. Implementation of the practices contained herein cannot be considered as a
guarantee of OSHA compliance. Where there may be a question of compliance,
OS8HA personnel should be consulted.

A proposed revision to the OSHA Asbestos Standard was published in the Federal
Register on October 9, 1975. This work practice booklet will be revised, as neces-
sary, to reflect any approved changes to the standard. .




Products and Operafions

The types of asbesosf ricfion maferal products covered by these work practice recom
mendations are;

Onerations to which these work praclces may apply are:
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summary of OSHA Asbestos

Standard

General Comments

OSHA published & “Standard for Exposure
fo Asbestos Dust" in the Fecral Ragister,
Vol. 37, No. 110, dated Jung 7, 1872, The
slandard was recodfied from 1910933 fo
1910.1001 in the Fedlral Register, Vol, 40,
No. 103, dated May 28, 1975, The standard
is reproduced as Appendix A. The standard
applies o any manfaelLring, fabricating or
handling process or operation Utlizing as-
bestos finer or materals containing asbes-
tos fiber,

The standard is divided info eight major
sections:

1, 19101001 {b)-=Permissible Exposure
Limits

Sefs maximum allowabls asbestos fher

concentration In the workplce alr,

2, 1910.001 (c)—Methods of Compliance

Recommends procedure fo megt permis-

sible exposure fimils,

3, 19901001 (d)~Personal Protective
Equipment

Specifies fyoes of personal protective

equipment and defines clreumstances under

which they are required,

4. 1910.1001 (2)-Method of Measurement
1910.1001 (1)~-Monitoring

Specifies montoring procedures fo deter-

mine ff work places megt pemissilg expo-

Surg fimits.

5, 1910.1001 {g}~Caution Signs and
Labels

States when caution signs and labels arg

required), and wording to be used.

6. 1910.1001 {h}~Housekeaping

Specifies results o be obtaind from house.

keeping and mefhods of waste disposal,

7. 1910.1001 i}~Recordkeeping

Specifies type and duration of monioring

recordkeeping. Stales requirements for em-
ployes noffication of monitoring results if
axposure is in excess of permissible exno-
sure limits and of corrective action belng
faken,

B, 1910.3001 (j)~Medical Examinations
Detalls requirements for medical evamina-
fions and durafion of medical record-
Keeping.

Spacific Comments

1, Exposure Limits (19101001 (b))

115 the employer's responsibilty fo assure
fhat exposura of employess o aiboms
concentrations of ashestos fbers doss not
excesq the mis preseribed by the siand-
ard,

The OSHA standard maximum permissisle ex»
posure limlts of ashestos firer in the works
place air ar:

2. Eight-hour fime-weighted average:

(1) At present: 5 fikers, longer than 5
micrometers, per cubig centimeter,

{2) Effective July 1, 1976: 2 fibers, longer
than 5 micromelers, per cublc conti-
meter,

h. Ceiling concentralion;

(1) At present: 10 fibers, longer than §
micrometers, per cubic cenlimeler,

() Effective July 1, 1576: No change.

2, Methods of Complianca (18101001 (c))

v Enginegring Methods

Enginegring conlrols such as solation, en-
closure, exnaust ventilalion and dust collec-
tion shall be usedt o mest the prescribed
permissitle exposure limis,

All hand operaled! and power aperatad loois
Which may produce airbomg asbestos fbers
in excoss of permissible exposure fimits

shall be provided with local exhaust sys-

tems.




o et Weifods

When practicatle, asbesios products shal
02 hendied in a wet tat suficient fo pre-
ven: the errission of dustfo the atmosphere,
This procedure is not required where the
Usefulness of the product might be dimin-
ished by weting. The applicabity of wet
rethods is mied. In most stuations, engl
nesring controls provide more effcient pro-
cedure

3, Personal Protective Equipment and
Cloihmg (1990.1001 (d)

s Respliatory Profection

Respiratory protection s required whenever
the alome Concentiaions of asbestos
floer exceed either the permissible time
weightec average level or permissible cell-
ing concentretion. The type of respirator 10
b used s detemined by the foer concen-
fraion in the workplace.

2, Fiber concentrations up 10, bt not exe
cagdng, 10 times the allowable it
Alrqurdying respiralor ~rausadle or
single use.

b, Fiber concentralions up 1o, but not ex-
ceedng, 100 times the aflowable limit
Powered air purifying respiratar,

¢. Fiberconcentrations exceeding 100imes
the alowable mit
Type'C" supplied air respirator,

+ Prolective Clothing

Whenever arbome fiber concenlrations ex-
ceed the prescribed ceiling level, the em-
oloyer shal provide and require fhe use of
spacial clothing, steh as coveralls or simi-
lar whole body clothing, head coverings,
qloves, and foot coverings. When the em-
oloyer provides and requires the use of
special clofng, he shail aiso provide Tor
the laundering or disposal of the Specel
clothing,

Wherevar airborne fioer concentrafons ex-
cecd einer fhe permissible time-weighted
average concenration of permissible ceit-
ing concentraton, the employer shal pro-
vde change rcoms for hig employees,
Change roams sha'l be equipped Wi two
eomarele lockere or confainers for each

employee so separated or isolated & fo
prevent contaminalion of the employee's
sirest clothes from his work clofhes.

4, Measurement and Monitoring
(1910.1001 {e) {f)

The standard requires that all workplaces
whera ashestos fher may be released shall
be manitored to determing exposure levels.
After Initial determination of itbome con-
cenirations, monitoring shall be of sueh
frequency and pattern as fo represent with
reasonable accuracy the levels of exposure.
Monitoring must be repealed af o fess fhan
siemonth intervals where exposure 1o
ashestos dust may reasonebly be foreseen
to exceed permissible exposure fimits.

Al monitoring shall be dane by the mem-
brang fiter method. Appendix B provides a
description of tis procedure,

Affected employees or thelr representatives
shall be given & reasonable opportunity to
observe any required monitoring and shel
have acoess to the monitoring records.

Ay employee found fo have been exposed
at any fime to altbome concentrations of
ashestos fbers in excess of the prescribed
limits shall be notified in writing of the expo-
sure as soon &5 practicable but not later
than five days of the finding.

5. Caution Signs and Labels

(1910.1001 (g))
Caution signs shall be displayed at each
workplace where asbestos fioer concentra-
tions exceed pemissible exposure fimis
Caution labes shall be applied to all mate-
rials and products which during any rea-
sonably foresesable use might release con-
centrations of ashestos fhers n excess of
permissiole exposure limits.

Signs and labels are-described in defal i
fopendixA.

§. Housekeeping (1910.1001 (h)

Al extemal surlaces, machinery and equip-
ment shall be meiniained free of asbestos
fiver acoumulations thet might, f dispersad,
create asbestos fiber concentrations above
permissiole exposure fimis.

For recommendafions on housekeeping
procedures, see “Housekeeping” secfion
(nder Gengral Recommendations.

7. Recordkeeping ({910,001 (i)

Every employer shall maintan records of
personl and environmental monitoring re-
quirad by the standard, Records shall be
maintained for a period of af least three
years,

8, Medical Examinations (1910.1001 (j)
Preplacement, annual, and terminaton
medica) examinations must be provided or
made avaiale by the employer for any
employes ... engaged i occupetions ex-
posed to airbome concentrations of asbes-
tos fivers.” Tnese mecfcal records must e
kept for 20 years and are avaiabie o e
employea’s physician,

(General Recommendations

Exhaust and Dust Collection
Systems

The OSHA Asbestos Standard requires that
exhatst and dust collection systems be de-
signed and maintained in accorcance with
American National Standard, "Fundamen-
tls Govering 1 Design and perelion of
Local Exhaust Systems,” ANSI £9.2-1077,
This publication is available from:

American National Standards Instfule

1430 Broadway

New York N.Y, 10018

The National Emissions Standards for Haz-
ardous Air Polutants (NESHARS), as pub-
lished by the Environmental Protection
Agency inthe Federal Register, Vol 38, No,
66, datec Apri 6, 1973, and amended Octo-
ber 14, 1075, tate that there must be no
Visible emissions fo the outside air from ase
estos mills or from buildings in which com-
mercial ashestos Is used in the manufacture of;

fextile maferials

cement products

fireproofing and insulating materials

friction produss

paper, millboard and felt

floor tile

plaslcs and rubber materils

thlorine

sholgun shells

asphalt concrele
paints, coalings, caulks,
adhesive and sealan's

Visiola emissions are defned &s emieglons
Wwhich contain asbestos and which are vist- -
ally detectable without the &id of st
ments, Raiher than meet fhe no-isiole-
emission requiremen, air cleaning proce-
dures using 2 fabric fier collector may be
employed, When the wse of fabric s
creates a e or explusion hiaard, Lse of a
high energy wat collector may be authorized
by EPA,

For small and infermitten! production and
fabrication operations, major dust collec-
lion systems of the high volume, low veloc-
1y type design described in the references
abave mey not be necessery. Instead, sys-
tems of the low volume, figh velocily fype
utlzing as their exhaust air sovree a figh
effclency vacuum cleaner could be sul-
able, For design informetion on these sys-
tems, aftenfon Is invited to the AR/NA
bookiet “Pecommended Wask Practices on
Shop anc Fleid Fabricalion of Astestos
Sheel Praducts.” This hoow'el s avaianle
on requss: o AI/NA,

Al exhaust and dust collection Systems
sho.d ba inspected periodealy for proger




functioning. For confinuous operations, it s
recommenced et the system operation
and theinterlor of the baghouse be checked
Gaily. A schedsled meinenance program
fhat includes bag replacement should be

prepared and followed,

Wherever oossibls, operations Involving
ashastos-contaning materials should be

isolted rom ofher work areas by partiions,

clrtaing o other means, If oentral exhaust
systems-are uiflzed the work aress should
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Housekeeping

Housekeeping s an essental part of any
manufgeturing operation, lHs even more es-
sentil in an ashestos-using plant because
airsome cust crealed by lack of goad
housekeeping hes the notential for ham
to employess.

The OSHA Asbestos Standard stipuates
net“alelgimal gifaces I any place of
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concanalion.”

Slirfacs cleaning should be eccomplished
by a vacuum process. Portable vctum
cleaning units should be equinped with
intemal flrtion and cisposable dust bags.
Single cr mulii-hose stetionary vecuum
glesin giome gesgned for vse itk
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Information and Training

Employees assigned 10 & work arsa where
eyposu 10 airorng corcentrafions of ag-

bestes Foars may exceed the maxmum
perrssole Lmds chould be fly formed
oithe poseoe nazerds o heath associeted

with asbestos dust, tis imporant that both
new employees.and employees wih tenure
haue information concering the safe use
of asbestos brought to thelr atienfion &
periodic intervals. Each smployes should
08 informed of;

8. Operafions which could result in ex-
pasure fo excessive ashestos fibers;

b, Engineering conirols and workolaog
practices for employes protection;

C. Purpose and prager use of resplatory

An amoar
P Wl Sy

0. Medical exemnznon requiremens,
and

¢, Provisions of the OSHA asbestos
standard,

A copy of the OSHA Ashestos Standard
should be avallable 1o empleyees. The
AA/NA pamphlet, “Whal Every Employee
Shouid Know About Asbestos and Health,”
is recommended for distibuion to em-
ployees. The pampilet s avallable &t mine
mal cost from lhe Msam fion. Postars may

Bl ot by
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A record of employee training shouid be
kept. The record mey appropriately include
for each employee, name, sacial securly
number and job tils, along with the date
and description of training inciuding ma-
terigle distioutad
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ment dezed October 14
Ashestos Standard
waste, which when handled or ransported
could generate arbome flers in excess of
the permissitle exposure [, be dis-
posed of in sealed bags or closed con-
iners impemeatls fo soheatoy fers,

41975, The OSHA
requires that asbestos

- |

No visibls emissions to the outside air may
result from collcton, processing, packeg-
ing, transporting or depostion of any &-

bestos-containing waste maferial. Afer- |

nafively, wastes may be mixed with weter

and sealed in a labeled, leak-fight cen-
tainer and deposited ot & dispesal site or
they may be formed into non-fizbls forms
and deposied af & disposal st

Soecifc Recommendatons

Normally, friction materials should be cb-
tained from the manufacturer n finshed
form: cut, machined and/or drilled fo fit
particular  requirements. This procedure
avoids addilional fabricaling operalions.

Fabricafing equipmen! Such 8 grindes,
lathes, dril presses working on large ca-
pacily operafions should be equinped wih
hich volume, oy velooiiy emw and dust
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irgmrien, STon guralon MEshinng Op-
erations might be equinped wih hugn veloc-
ity low volume exhaust and dust coliecton
systems.

Al dust control systems which dlischarge
axhaust alr 1o aimospher must be eauip-
oed vith fabic ftercollcton devices (US.

Environmental Prolection Agency “Nationel
Emission Standards for Hezardous Air Pol-
lutants—Ashestos”, Federal Register, Vol.
38, No. 68, dated April §, 1673].

F dust conirol by means of exfaust ventla-
fion 15 not faasible or practicable, wet ma-
chining ulifzing flid cuting ubricans
might be & sufable atiemate

Dust and chuos (Rngratag AR chhnip")
COEUA TN WAL
DEEI Yy LT RN N :E
PAAED I BOULTETE N TSAMEEDL
nargrept I (G Gereral Reoommence-
fions.

Afer fabvicating and before shipping, all
eicess dust end chips should be removed
from the surfaces of riction material to pre-
vent dust confaminafion of the fabricator's

wkotens 2nd pr CASmErT WHoIE




Parsonal Hygiene

In the preparafion of asbesios-conigining
producs, Un'ess good procedures are fol
owed, dust condfions can resuf, Em-
oloyess must be aware that mhalafion of
asbesies cust may D& & serious risk fo
healfh. Every effort should be mads to
elminate dust conditions and avold e¢-
posure fo dust,

Good personal hyglene practices are im-
portant I every working situation, When
Working wih ashastos, workers are urggd
fo observa the following personal hygiene
aractices for their own healfh protection,
thelr familes, and thoss with whom they
wotk

+ Do not smoke
+ Wash belore eating

+ Shower after work

 Respirators and special clothing are
provided for worker protection under
certain excessive dust level conditions.
These items of personal profective
equipment deserve tha highest respect
of the worker and should be worn prop-
erly, when required.

» Change to work clothes upon arival af
work and change from work clothes at
conclusion of work. Use change rooms
for this purpose.

+ If work clothing is taken home, carry in
2 bag impermeable fo asbestos fibers
and wash separately from ofher loth-
ing. Never shake dusty clothing. Use a
Washing machine,

Appendix A

RULES AND REGULATIONS

e 81480

 Chapter XVl-~Occupational Sofely

ond Health Administrtion, Depurte
ment of Lahor

PART 1910--OCCUPATIONAL SAFETY
AND HEALTH STANDARDS

Standurd for Exposure to Ashestos
Dust

On December 7, 1971, an emeroeney

. bemporaty standard concerning expostre

to ashestos fihers was published in the
Froenas, Recasren (38 R, 25207, In aes
cordance with seetion 6(c) (3) of the Wil-
liams-Steiger Oceuptaional Safely and
Health Act of 1970, & notice of proposed
nlemaking regarding & permanent
standard for exposure to asbestos fihers
was published in the Feoerat Resister on
January 12, 1072 (37 PR, 466), The no-
tioe favited Interested persons to submit
hoth orally and in writing, dats, views,
and arguments concerning the proposal,
On or about January 24, 197, the Ad-
visory Committes on Ashestos Dust was
established and requested to moke writ-
ten recommendations with rezard to the
proposed standard on ashestos. On or
ahout Februaty 1, 1972, the Departmens
of Health, Educatton, and Welfare brang-
mitted to the Seoretary of Labor  ori-
feria document containing Revommenda-
tions for an Otcupationsl Exposure
Standard for Ashestos by the Nationa
Institute for Occupational Salely and
Health (NIOSH), Publie notice was given
of the reeeint of the recommendstions
and their avelability for inspection and
copying. On.or about Febiruary 25, 1972,
the Advisory Committee ot Ashestos Dust
submitied its written recommendations
0 the Assistant Seeretary of Labor for
Occupationa) Safety and Health.

Note: Federal Register, Vol. 40, No, 103,
May 28, 1975, p, 23072, announced
that the OSHA standard for Exposure
1o Ashestos Dust was recodified from
1910.93a fo 1910.1001,

Putsuant to the notice of rule making,
 hearing was held on March 14 through
17,1072, for the purpose of receiving oral
dats, views, and arguments concerning
the proposed standard, On or aboub
March 31, 1672, the presiding hearing ex-
aminer certified to the Assistant Seere-
fary of Labor for Ocoupational Safety
and Health the record of the proceeding,
The record includes prehesring writhen
comments, 4 transeript of the oral proge
entations made at the hearing, snd nu-
merous exhibits received during the
course of the hearing or within the pe-
riod allowed after the close of the
hedring,

The proposed standard dealt with (1)
permissible concentrations of eshestos
fibezs; (2) methods of compliance; (3)
warning signs; (4) monitoring; {5) med-
feal examinations; and (6) recordkeepe
ng, Bach of these major proposals elfe-
ited comments, arzuments, objections,
and eounterproposals, They el have heen
gsamined and considered,

1, Accentable concentrations of ashes
103 dust, The proposed standard would
limit oceupational exposure to 8-hour
time-weighted average (TWA) airbome
concentrations of ashestos dust nof ey
ceeding flve fbers longer than five
micrometers per mililiter, Concentra-
tions ahove five fibers bub nof to exeoed
10 fibers (celling concentration) would
be permitted up to 15 minutes in 5 hour,
but for not more than § hours 1n any one
§-hour day,

NIOSH in effect has recommenaed
that the five-fiber TWA snd 10-fber
pesk concentrations be permithed only
for 2 years; thereafier, TWA concentra-
tons should he not more than 2 fibers
per cubi¢ centimeter (em) of air, and
peak concentyations should not exceed 10
fibers/em?, with no time restriction,
Numerous objections and cownterpros
posals have heent made, with regard fo
Both the limits of ashestos fher concen-
frations and the time periods o comply
with them, Scme, for example, have rec-
ommended reburn to & 12-fiber standard
of an earlter day; le, a Jevel adopted
wder the Walsh-Healey Public Cons
fracts Act In 1965, Others have recom-
mended & two-fber standard to become
effoctive fn 6 months, then & one-ffher
standard for 2 yeats, and finally a zero-
fiber standard after 3 years. These rec-
ommendations give a fair indication of
the wide spread of the counterproposals,




Ko one has cisputed that exposwre o
ashestos of high enough intensity and
long enough duration i causally related
f0 ashestosls &nd cancers. The dispute s
25 to the determination of a speific level
below which exposure Is safe, Vanous
studies attempting to establish qantitae
tive relations between specific Jevels of
sxpasure b asbstos fibers and the ape
pearance of adverse biological manifes-
fations, such as ashestosis, lung cancers,
and yesothellome, have plven tse to
rontroversy as to the validity of the
meastring techniques used and the relia.
bllity of the refafions attempled to be
sstablished. Because of the long lapse
of time between onset of exposie and
hiologteal manifestations, we have now
evidence of the consequences of exposure,
hut we do nof have, in genetal, acourate
measuzes of the levels of exposure oo
purring 20 or 30 years ago, which have
siven rise to these consequences, There
are also confroversies concerning the
relative Soxicity of the various kinds of
ashestos, and varying hasards in dif-
ferant workplaces,

1t is fair o say that the coniroversy
hes eenteted In the area hebween & twos
fiher TWA concentration and five-flher
* TWA concentration, with variations on
{he time needed for compliance, Many
emplovers support & fiveefiber TWA.
WMost medical opinion is divided belween
1 two-fier standard and & five-fiber
standard,

In view of the undisputed grave con-
sequences from expostre to ashestos
fbers, it is essential that the exposure be
regulated now, on the basis of the best
evidence available now, even though it
iy nob be as good as sclentifieally de-
siranle, An ashestos standard can be re-
evaluated in thie Night of the results of
ongoing studies, and futae studies, bub
cannoh wait for them. Lives of employess
are af stake,

It i5 concluded that there should be
one minimum standasd of cxposure to
asbestos applicable o all workplaces ex-
nosed to any kind, or mixture of kinds,
of asbestos. Reasons of practical ade
ministration prechude 4 variety of stands
ards for different kinds of ashestos and
of worknlaces. Also, while the evidence
fords 1o show that crocidolite, for in-
stance, is more harmful than chrysotile
the avidence Is nob suffciont to estabiish
senarate stoandards for vamaties of
ashestos.

Beeguse there must be one standard
governing expesure o all varielies of
ashestos, and in werkplaces apparently
more Juzardous {han others: beoause

some present employees with regular exe
posure to ashestos have probably ale
1eady accurnulated great doses of 4sbess
tos fibezs, due to higher levels of ex-
posure in the past; becsuse it appeas
that fevels of exposure which may be
safe with regard to ashestosls are not
safe with regard to mesothelioma, he-
cause the statute requires the protection
of every employee, even of one who may
have regular exposure fo asbestos during
 working life which may reach, or even
exceed, 40 vears: and becatise of several
other considerations which have been
tireed and are reflected in the record of
the proceeding, the confiet in the medi~
cal evidence is resolved in favor of the
health of employees. As of July 1, 1976,
TWA concentrations of asbestos fibers
Tonger than 5 micrometers will no ke
allowed to exceed two fibers/ee, with &
ceiling value of 10 flbers/ec. The current
TWA concentrations of five fibers, and
celling concentrations of 10 fbers/ee,
will be permitted untit July 1, 1676, dur«
ing what will be o transitional period
eomed necessary o allow enployers to
make the needed changes for coming
into compliance with the more strngent
standard,

The record shows Shat the many work
opezations subjet o the single ashestos
standard (textlle, manufaciuring, induge
trial, and marine nstalation, ete) wil
meel yarping degrees of difficulty in
compiying with the standard, In some
plants, extensive redesign snd reloca-
tion of equipment may be needed, It ap-
peats, however, the delay tn the effective
date of the two-flber standard will pro-
vide alt employers & reasonable time to
gomply, Ab the sume time, 50 long s the
celting limit {s complled with, no harm
is reasonably expected to result from ex-
posures during the transitionsl period.

9. Methods of compliance, It has heen
pointed oub by many persons, that pro-
toction againgt ashestos flbers 15 bes
obtained by controling the generation of
fibars fist, and secondly, by confrolling
ho dispersion of released fers inbo the
ambient ir of the workplaces. Thercfore,
the standard requires fensible techno-
logieal contrels and sppropriate work
practices as the primary means of com
pliance, Rotation of employees as 4 way
of meeting the TWA concentratlon 1o
quirement is allowed ouly In stated ex-
ceptional elreumstances, becsuse, 85 8
general ule, 15 would be diffeult to m-
plement, Personal protective equipment,
guch 89 respiralors, cannch be relied
ipon because, among other reasons, they

may be so uncomfortable as to be bur-
densome, except for short perfods of
time, Therefore, it s expected that res.
pirators and shift rotation will be vsed
durlng the period necessary to Install et
gineering controls and to train employ-
pe3 tn sound work prastless, buf, efter
fochnologleal compllance hes been

vgehleved, thelr use must he Nimited to

spectal work sthuations and emergencles,
Whete both are practicable, shif} rofa-
tHon s vequired,

3. Labeling, The proposed standard
stonped shorb of requiring labeling as-
hestos and ashestos-containing products,
The proposed standard would have re-
quired only warning stems 8t locations

where ashestos hazards are present,

However, labetlng, rather than warning
signs, has proved to be & point of con-
troversy, Both NIOSH and the Advisory
Committee on Asbesos Dust racom.
mended Iabels for ashestos products and
confainers, and fhese recommendations
heeame very controvensial In the eourse
of the procecding, Many counterpros
proposals have been made a3 to the lana
guage of the warning as well as to the
products to be subject to the labeling
requirements, Employers, fn penera),
strongly contend that (1) finished prods
uets which efectively entrap shestos
ﬁbers. 80 $hat these would not be released
in the normal use of the products, should
not be requited 0 be labeled: and (D)
words such 8 “danger” and “cancer” are
unwarrantedly alaming,

Both confentions have merlt, and the
standard hes been changed accordingly.

4, Monitoring, The proposed standard
would have required personel monitor-
ing ond environmental monitoring,
Many Issues have been ralsed concerning

-the avaflability and reliabllity of meas-

yring instruments, frequency of monis
foring, and conditions in which monitor-
ing should be required. The adopted
standard $akes the chiections Into con
sideration, T5 requires perfodic monttor-
ing &b infervals no longet than § months,
thug allowing consderable Hme and dis-
cretlon, and prescribes the use of the
mmbrane Alfer method, which fs e ac-
ceptable method for determination of
ashestos fibers,

It bos also been recommended that
employees or Shelr representatives showld
have an opportunity to obseree the
monitoring, The recommendation has
betn deezpted,

5. Medica) exominations. The pro-
posed standard would only require an
appropriste medical examination on &
petlodie basis, The generality of the pro-

Dosal has attracted many obiections and

also many helpful comrments, The recom-
mendations of NIOSH and of the Advl
sory Committes on Ashastes Dust were
fuch mera specific with respest fo hoth
frequency and type of medieal examing
tons b0 be required. The comments vary
85 to the class of employees fo he ex-
amined and a5 £ the frequency of the
examinations.

The tdopted standard requires medical
examinstions both &t the begluning and |
the termination of employments exposed
to concentrations of ashestos finers, and
also requires annual medicad examings
Hons of every employee exposed to aire
homne concentrations of ashestos, It has
been pointed ouf that in cartain tnduge
{ries, steh as constiuction, an employee
may work ot several employers during
the same year, Accordingly, the standard
does not require either preemployment,
or fermination, or periodie examinaton
of any employee who has been eyamined
in accordance with he standard within
£he past yeat,

One question which has been raised
£0c3 40 whether the employer or the eme
ploges showld be allowed to choose the
examining physiclan, The standard
gives the option to the emplover, Since
somé employers already have & medieal
examinetion program in operation, and,
also, have medical depariments with
some expertise In the diagnosls of abese
fos-reloted diseases, §f seems more
reasonable o permif them o utilize the
present progvams and expertise, than fo
permit an employes to choose & private
general practitloner,

§, Records, The standard, s proposed
o a5 adopted, requires maintenance of
recerds of monitoring and of medicnl
exambaations, Most of the controversy
thls ares has revolved around the quess
tHon whether an emploper showld be sl
lowed {o have aceess to the resulls of
the required medical examinations, The
apprehiznsion of those who have argued
againgt employer access s hased on the
expectation that some employers will use
the medical examingtions a5 4 means of
sereening employment applicants, and
waorse, 45 grotnds for discharzing current
emplovees, who show siens of being af-
fected by exposure to ashestos. Since the
purpose of the medical examinations i
{0 monitor the health of employecs ex-
posed 0 the hazards of abestes, e
ployees ¢annob n reason be granted the
privilese of refusing to disclose to their
emplovers esults of oceunational expo-
sure It does not make sense to require
emplosers % provide medical examing-
tions if they cannot know and wse the
reslts of the examinations. For these




reasons the standard provides Shat eme
ployers may have & restricted access o
sorme medical information,

On the other hand, there s no intet~
tion to nllow emplayers o abuse medical
Information obiained puzsuant fo the
Act, to the debriment of employees,
Therefore, the administration of the
medical records requirement will be
closely watched, and, in coses of abuse,
appropriate action will be consideted,

The issues discussed ahove are believed
to be the major ones, Numerous other ise
sues have heen raised in the rulemaking
proceedings, Some have been referred to
neidentally, Many recommendations, for
ingtance, abou$ work practiees, are &0
obviously meritoriots tha their adope
tion needs no exposition here. Other
recommendations and many objections
have not been adopted for & variety of
ressons which shoud be menifest, Sev
eral, for instance, have recommended
the use of respirators only purstant fo &
vatiance, or in cases of emergency and
occastonal shord-term exposures, The
recommendation with respect to vari-
ances undoubtedly has many metlts,
but I considered sdministratively ime
practical,

Accordingly, after consideration of the
whole record of the proceeding, and
pursuant to sections § () and (¢) and
8(c) of the Williams-Steiger Ocoups.
tional Safety and Health Act of 1970 (84
Siat. 1503, 1506, 1599; 29 USC. 655,
657, 20 CFR 19104, and to Secretary of
Labor's Order No, 12-71 (36 FR, §754),
Part 1916 of Title 2 of the Code of Fed-
¢4l Regulations is amended 86 set fotth

helow,
$1910,1001 Asbestos

(8) Definitions, For the purpose of
this section, (1) “Asbestes” includes
chrysotile, amosite, crocidolife, tremoe
lite, anthophyllite, and actinolite,

(%) “Ashestos fibers” means ashestos
fibers longer taan § micrometers,

() Permissible exposure fo airborne
eoncentrations of osbestos fibers—(1)
Standard effective July 7, 1872, The
§-hour time-veighted average sirborne
concentrations of ashestos flbers to
ahich any employee may be exposed
shall not exceed five fibers, longer than
5 micromelets, per cuble centimeter of
air, a5 determined by the method pre-
seribed tn paragraph (e) of his secfion,

() Standord eflctive July 1, 2478,
The 8-hour Yime-welghted average alr-
borne concentrations of asbestog fivets

to which any employes may be exposed
shall not exceed two fibers, longer than
5 micrometers, per cuble centimeter of
alr, 8¢ determinad by the method pre-
stribed in paragraph (&) of his section,

(8) Celling coneentration, No eme
ployee shall be exposed af any time o
airhome  ceneentrations of ashestos

fibers in excess of 10 fibers, longer than -

5 micrometers, per cubie centimeter of
air, a5 deternined by the method pre-
Seribed fn paragroph (e) of this section,

{c) Methods of complignee—(1) En-
gineering methods, () Engineering cone

 trols, Engineering controls, such as; but

not limited fo, tsolation, enclosiire, ex«
havst ventilation, and dust eollection,
shall be used to meet the exposure lmits
preseribed In pacagraph (b) of this
seetion,

() Local exhaust ventilation. (1)
Tocal exhaust ventilation and dust cols
lectlon systems shall he designed, con-
stricted, intalled, and maintained fn
accordance with the Ameriesn National
Standard Fundsmentals Governing the
Deslen and Operation of Local Exhaust
Systems, ANST 2021671, which is in-
corporated by reference hereln,

(B) See § 1910.6 concerning the availe
ability of ANSI Z29.2-1071, end the
maintensnce of  historic fle in connege
tion therewith, The address of the Amer«
fcan Nationsl Standards Intitute i
given in § 1910100,

(§il) Particular tocls, Al hand-op-
erated and power-operated tools which
may produce or relesse ashestos fibers
in excess of the exposure limis pres
seribed in paragraph (b) of this section,
suich as, bub not Limited to, saws, scorers,
ahrasive wheels, and drills, shall be pro-
vided with local exhaust ventilation sys-
tems in accordance with subdiviston (0}
of this subparagraph.

Q) Work practices—() Wet methods,
Tnsofar as practicable, ashestos shall be
handled, mixed, applied, removed, cub
scored, or othermise worked in & web
state sufficient to prevert the emission
of airborne fihers in excess of the ex-
posure limits prescribed in paregraph
{b) of this section, unless the usefulness
of the product wowd he dirminished
therehy.

(il) Particular products and operas
tioms. No abestos cement, morfar, conf-
ing, grout, plaster, or similar materdal
containing ashestos shall be removed
from bags, cartens, or other confeners
in which they are shipped, without being
aither weited, or enclosed, or ventilated
50 45 to prevent effectively the release of
alrhorne sshestos fbers in excess of the

limits preserihed n paragraph () of
this section,

(i) Spreying, demolition, or removal,
Employees engaged In the spraying of
sshestos, the removal, ot demolition of
pines, strtictures, or equipment covered
ot insulafed with ashestos, and in the
removal or demolition of ashestos {n-
sulstion or coverings shall be provided
with respiratory equipment in accord-
ance with paragraph (d) () (HD) of this
section and with special clothing In ag-
cordance with paragraph (d)(3) of this
section,

(@) Personal profective equipment=
(1} Compliance with the expostre Jimits
prescribed by paragraph (b) of this see-
ton may not be aehdeved by the use of
respirators or shift rotation of em-
ployees, exeept:

{i) During the thne period necessary

o Install the engineering conrols and

o institute the work practices required
by paragraph () of this section;

(it) In work situations In which the
methods preseribed In paragraph (¢) of
this seotion are either technieally not
feasthls or feasible to an extent insufft-
tlent to reduce the elrborne coneentra
tons of ashestos fers below the limits
preserioed by paragraph () of this
seetion: or

({if) In emergencles,

(iv) Whera both respirators and per-
sonnel rotation ave allowed by subdivi-
slons (), (), or (1) of this subpara-
graph, and hoth are practicable, person-
nél rotation shall be preferred and used,

2) Where & respirator is permibted by
subparagraph (1) of Shis peragraph, it
shall e selected from among those ap-
proved by the Buresu of Mines, Depatt-
ment of the Inferior, or the National In-
stitule for Oceuvational Safety and
Health, Department of Health, Educa-
tion, and Welfare, under the provisions of
30 CPR Part 11 (37 FR. 6244, Mar. 25,
1972), and shall he used in secordance

of this subparagraph,

() Air purifying respirators, A reusa-
bie or single use adr purifying respirator,
or & respirator deseribed in subdivision
(1) or (i) of this subparagraph, shall
be used 1o reduce the coneentrations of
alrhotne ashestos fbers in the respirator
helow the exposure limits preseribed in
paragraph (b} of this section, when the
eafling or the 8-Dour time-weighted aver-
8¢ airbome concentrations of ashestos
fibers sre reasonably exnected to exceed
1o more than 10 times those limits,

() Powered ir purifying respiralors,
A full facepiece powered ofr purlfying
respirator, or & powered air purifying
respirator, o & respitator deseribed in
subdivision (i) of this subparagraph,
shall be used fo reduce the concentra-
tions of airborne ashestos fibers fn the
respirator below the exposture limits pre-
sorihed in paragraph (b) of this section,
when the celling or the 8-hour time.
weighted sverage concentrations of
ashestos Abers are reasonably expected
to exoeed 10 times, bt not 100 times,
those limits,

{iil) Type “C” supplied-gir respirators,
contingous flow or pressure-demond
closs. A type “C” contlauous flow or pres
sure-demand, supplied-air respirator
shall be usad to reduce the concentra-
tions of airbome ashestos fibers in the
respirator below the expostre limits pre-
sexfhed in paragraph (b) of $his section,
when the celling or the §-hour time-
welzhted average airborne concentra-
tions of asbestos fibers are teasonably
axpected bo exceed 100 times those limits,

{iv) Establishment of g tespiraior pros
grem, (@) The employer shall establish
8 tespirator program in aceordance with
the requirements of the American Nas

tional Standaxds Practices for Resplrae .-

oty Protection, ANSE Z88.2-1969, which
is ineorporated by reference herein,

b. See §1010.6 conceming the avails
ability of ANSI Z88.2-1069 and the mafn-
tenance of an historic fle in connection
theremith, The address of the American
National Standards Institute is given in
§1610.100,

(c) No employee shall be assigned to
tasks requiring the use of respirators if,
Tased tpon his most recent examination,
an examining physician determines that
the employee will be unable to function
normally weating 4 tespirator, or that
the safety or health of the employes or
other employees will be impaired by his
use of & tespirator, Such employee shall
be rotated fo anather job or given the
opporhimity to bransfer to a cifferent po-
sition whose duties he Is able £ perform
with the sane exployer, in the same geo-
praphical ares and with the same senior-
ity, status, and rate of pay he had just
prior o such transer, if such a different
position is available.

{3) Spaciai clothing: The employer
shall provids, ang require the use.of, spe-
¢lal clothing, such as coveralls o similar
whole body clothing, head coverlngs,
gloves, and foot coverings for any eme
ployes exposed to airborne concentra-
tions of ashestas fibers, which exceed the



ceiling level prescribed in paragraph (b)
of this section,

(4) Change rooms: (1) Af any fived
place of employment exposed o airhorne
eoncendrations of ashestos fibers in ex-
otss of the exposure onits prescribed in
paragraph (b} of this section, the em»
ployer shall provide change rooms for
employees working regularly at the place,

{if) Clothes lockers: The employer
shall provide fwo separale lockers or con
fainers for each employee, 5o separated
or Isolated as to prevent contamination
of the employee's streef clobhes from his
work clothes,

(i) Lowndering: (o) Laundering of
asbestos eontaminated clothing shall be
done 50 as to prevent the release of air-
horne ashestos fibers in excess of the exe
posture fimits preseribed in paragraph (b)
of this section,

(b) &ny emplover who gives ashestose
contaminated clothing to another person
for Jaundering shall inform such person
of the requirement in () of this subdi
vision fo effectively prevent the releqse
of airborne asbestos fibers in excess of
the exposure fimits prescribed in parae
graph (b) of ths section,

(¢) Contaminated clothing shall be

" transported in seeled impermeable bags,
or other closed, impermesble containers,
and labeled In accordatice with pare
graph () of this section,

&) Method of measurement, AlL de-
teminations of airborne concentrations
of ashestos fibers shall be made by the

membrene filter method ab 400450 X
(magnification) (4 millimeter objective)
with phase contrast ilumination,

() Monitoring=-(1} Initiel defermis
nations, Within 6 months of the publf-
caslon of this section, every employer

sholl cause every place of employment
where ashestos fibers are released o be
monifored n such & way as o delermihe
whether every employee’s exposute to
ashestos fers is below the limits pre-
seribed i paragraph () of this segs
tion, If the limifs are exceeded, the eme
ployer shall immediately undertake &
compliance program in accordance with
paragraph (¢) of this section.

{2} Personal monitoring=() Sam-
ples shall be collected from within the
breathing zone of the emplogees, on
membrane filters of 0.8 micrometer po-
rossity mounted $n an open-face filfer
holder, Samples shall be taken fov the
determination of the S-hour time
weighted average airbome concentrg«
{ions and of the celling concentrations of
ashestos fibers,

(i) Sampling frequency and patlerns,
After the Initlal debersinations requlred

by subparagraph (1) of this paragraph,
sarples shall be of such frequency and
pattern as o represent with reasonable
soeuracy the levels of exposyee of eme
Dloyees. In no case shall the sampling be
done &t infervals greater than 6 months
for employees whoge exposure fo ashestos
may easonably be foreseen fo exceed
the limits prescribed by paragraph (b)
of his section,

{3) Environmental  monttoring—()
samples shall be collected from areas of
4 work environment which are represents
ative of the airborne concentrations of
ashestos fibers which may reach the
breathing zone of employess, Samples
shall be collected on a membrane filfer
of 0.8 micrometer porosity mounted in
an open-face flfer holder, Samples shall
be taken for the determination of the 8-
hour time-weighted average airhorme
concentrations and of the celling con-
centrations of asbestos fibers,

(i) Sumpling frequency and patterns,
After the tnitial determinations required
by subparagraph (1) of this paragraph,
samples shall be of such frequency and
pattern as o represent with ressonatle
aceuracy the levels of exposure of the
employees. In no case shall sampling be
8 Intervals greater than 6 months for
gmplovees whose exposures fo ashestos
may reasonably be foreseen to evceed
the exposure limits prescribed in parae
graph (b) of this scetion,

(&) Employee observation of monitor-
ing. Alfected employees, or thelr rep-
resentafives, shall be given 4 reasonable
opportunity to observe any monitoring
required by this paragraph and shall have
aceess o the records thereof,

{g) Coution signs and labels. (1) Cau-
tion signs, () Posting. Caution signs
shall be provided and displayed at each
location where airhome comcentrations
of asbestos fibers may be in excess of the
expostre imits prescribed in paragraph
() of this section. Signs shall be posted
ab such a distance from such » location
50 that &n employee may read the signs
and take necessary protective steps bes
fore entering the area marked by the
signs. Sims shall be posted at all ap-
proaches to areas contalning excessive
concentrations of airborne ashestos
fibers,

{it) Sign specifications, The warning
slems required by subdivision () of this
subparagraph shell conform to the re-
quirements of 20" x 14" vertical format
siens specified In § 1910.045() (), amd
to this subdiviston. The signs shall dis-
play the following legend in the lower
panel, with letter siees and styles of &
visthility ab least equal to that specifled
in this subdiviston,

Legend Notation
F e T 1" Sang Serif,
Gothlc or
Block.
Dst Hazatdocnncennen %' Sans Serft,
Gothic or
Block,
Avold Breathing Dust... %" Gothle,
Wenr Assigned Protective 14" Gothic,
Equlpment,
Do Not Remain In Area %" Gothic.
Unless Your Work Re-
qulres It
Breathing Asbestos Dust 14 polnt Gothle
May Be Hezardous To
Your Health,

Spacing betwean lines shall be af least
equal to the height of the upper of any
fwo lines,

{2) Caution Jabels—(3) Lubeling, Catie
tion Iabels shall be affixed to all raw
materials, mixtures, soeap, waste, debris,
and other products containing asbestos
fibiers, or to their containers, except that
10 label is required where ashestos fivers
have been modified by » bonding agent,
coating, binder, or other material so that
during any, reasonably oresesable vse,
handling, storage, disposal, processing, or
transportation, no airborne concentra.
tions of ashestos fibers in excess of the
exposure limits praseribed In pacegraph
{b) of this section will be released.

(if) Label specifications, The caution
abels required by subdivision () of this
subparagraph shall be printed in letters
of sufficient sfze and contrast as to be
readily visible and legible, The abel shall
state;

Cavmion
Containg Asbestos Pibers
Avold Creatlng Dust

Breathing Asbestos Dust May Canse
Serlovs Bodily Harm

() Housekeeping—(1) Cleaning. All
external surfaces i any place of employ-
ment shall b mamiained free of socu-
mulations of ashestos fibers if, with thelr
dispersion, there would be an excessive
concentration,

() Wasie disposal, Ashestos waste,
sorap, debrs, bags, containers, equip-
ment, and ashestos-contaminated cloth-
ing, consigned for disposal, which may
nroduce in any reasonshly foreseeable
use, handling, storage, processing, dis-
posal, or transportation alrborne coneen-
frations of ashestos fibers in excess of the
exposure limits prescribed in paragraph
(1) of this section shall be collected and
disposed of in seated impermeable hags,
or other closed, impermenble containers,

(i) Recordhoeping—(1) Exposure rec-
ords, Bvery employer shall maintain rec
ords of any personal ot environmentgl

moniforing vequired hy this segtion, Rec-
ords shali be maintained for 2 period of
af Jeast § years and shall be made avall-
able ypon request fo the Asslstan Secre-
tary of Lahor for Qccupational Safehy
and Health, the Director of the National
Intitate for Occupational Safety and
Health, and to authorlaed representa
tives of elther,

() Employee tecess, Every employes
and former employee shall have reasone
able aceess to any record required o be
maintained by subparagraph (1) of this
paragraph, which indicates the em-
Dloyee's own exposure to ashestos fibers,

{3) Emplogee nofification, Any em-
ployea found to have heen exposed af any
time fo airborne coneentrations of ashes-
tos fibers in excess of the limis pre-
serbed dn paragraph (B) of this section
shall he notified in writing of the expo-
$Ure a5 s0on 66 practicable but not later
than 5 duys of the finding. The employer
shall also be timely notified of ihe cot-
rective setion being taken,

(j) Medical exominations—(1) Gen-
eral. The cnxploger shall provide or make
available at his cost, medical examing-
tions relative to exposure to ashistos re-
quired by this paragraph,

() Preplacement. The employer shall
provide or make available fo each of his
emplovets, within 30 calendar days fol-
lowing his first employment b an
pecupation exposed o «irborne con-
cenfrations of ashestos fibers, & compre-
hensive medical examination, which shall
include, 55 & minimum, & chest roni-
genogram (posterior-anterior 14 % 17
inches), & history {0 eficit symplom-
astology of respirafory disease, and
pulmonary function tesls fo wnelude
forced vital capacity (FVC) and forced
expiratory volume af 1 second (FEV:.),

{8} Awnuel examinations, On or be
fore January 31, 1073, and ot least 4.
mually thereafter, every employer shall
provide, or make gyallable, compreben-
sive mecical examinations o each of hus
employees engaged in occupaliens ex-
nosed 0 airborne concentrations of as-
nestos fikers. Such annual examination
shall include, as & minimum, & chest
roenteenogram (posterior-anterior 14 X
17 {nches),  history to eleid symptom-
alology of respirafory discase, and
pulmonay function tests to include
forced vitel capacity (FVC) and forced
expiratury vohume gt 1 second (FEV,o),

(4) Termination of employment, The
ermplover shall provide, or make avalle
aple, within 30 celendar days belore o
ofter the bermination of employment of
any employee engaged 1n an occupation
piposed 0 irbome concenirations of
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ashestos fthers, o comprehensive medieal
examination which shall include, as 4
minimurm, & chest roenteenogram (poge
. terior-anberior 14 x 17 inches), & history
o elictt symplomatology of respitatory
disesse, and pulmonary funchion tests
to include foreed vital capacity (FVO)
and forced expiratory volume a1 second
(FEVL),

{5) Recent eaamingtions, No medical
examination i required of sny em-
ployee, if adequate records show that
the employes has been exemined in gt
eordance with this patagraph within the

past 1-year period.

(6) Medical records—{i) Mamte-
nance, Employers of employees examined
pursuant to this paragraph shall cavse

. to be malntained complete and accurate

records of &l such medical examings

tions. Records shell be refained by
emplovers for &b least 20 years,

i) Access, The confents of the rece
ords of the medical examinaions
required by this paragraph shall be tade
available, for inspection and copying,
to the Assistant Secretary of Labor for
Ocoupational Safety end Health, the
Diractor of NIORH, to suthorized physle
cians and medical consulsants of either

*of them, and, upon the request of an eme
ployee or former emplogee, to his physls
cian, Any physician who conducls 8

medical examination required by this
paragraph shall furnish {0 the enployer
of the examined etployee all the infor-
mation specifically required by this
paragraph, and any other medical fns
formation related o pecupational ex-
posure to ashestos fibers.

$1910.J9 Special provisions for air con-
taminants,

(a) Ashestos dust. Section 19101001
shall apply to the exposure of every em-
ployee to ashestos dust in every employ-
ment and place of employment covered

< by §1910.1, gwlo 13, § 1910.14,

§ 101035, or § 510, 16, in liew of any i
ferent st anddrd an exposize o ashestos

dust which would otherwise be appli
cable by virlue of any of those sections,

Note: Following defines additional
occupational areas affected by sec-
tion 1910.19 ahave:
$1910.12 — Construction Work
(construction, alteras
tion, and/or repair,
including painting
and decorating)
§1910.13 — Ship Repairing
$1610.14 — Shipbuilding
§1910.15 ~ Shipbreaking
§1910.16 — Longshoring

Anpendix B

USPHS/NIOSH Membrane Fiter Methoo
For Evaluating Aitoome Asbestos Finers

Nelson A, Leicel
Stephen G. Bayer
Raiph D, Zumwalde

U, Department of Health, Education, and Welfarg
Public Health Service
Center for Disease Control
National Institute for Occupational Safety and Health
Gincinnati, Ohio 45202

November 1975

This raport describes the equipment and procedures for colleting, mouning, siz
ing, and counting ashestos fibers on cellulose ester membrane fiers for the evaluation
of breathing zone samples of airborne asbestos fibers, The purpose of the method
presenied is fo determing an employes's exposure [0 airbome ashestos fiers

This is the method of fest referenced in fhe Federal standard on occupational
axposure fo ashestos (28 CFR 1010.1001, formerly 28 PR 1910.9%2) and the MESA
(Mining Enforcement Safety Adminisiration) lr quelly standards (30 CFR 55,51 (b
It s usad by the National Insttuts for Occupationel Safety and Health (VIOSH) and the
Occupational Salely and Health Administration (OSHA).
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Preface

It has been almost seven years sce the last detalled infoimation was published
by NIOSH congerning an asbestos counting method (Edwards and Lynch, 1968). In the
interim, this method passed from a recommended status to one required by federal
occupational haatth standard 29 CFR 1610.1001 {formerly 191095,

This report was prepared 10 expand on the 1958 paper, It incorporates much of
the sampling and analytcal experience of the last seven years eocumulated by counts
made by NOSH laboratorigs and the OSHA Analytical Services Laboratory, The report
attempts to answer many of the practical questions concerning the method, A draft of
fhis report has besn used for the last two years by the NIOSH Division of Training in
8 course on asbestos sampling and analysis,

Recently a report prepared by the Joint AIHA-ACGIH Aerosol Hazards Evaluation
Committes was published in the AIA Journal {Recommended Procedures for Sam-
pling and Counting Asbestos Fibers, AIHAJ, 36, pp. 83-90 (1975). The AIRA-ACGIH
report was not submilted for technical review to either NIOSH or OSHA personnel
responsible for technical procedures of the USPHS/NIOSH asbestos count method. The
AIHA-ACGIH report contains conflicting and possibly confusing quidelings, This NIOSH
report contains the NIOSH technical quidelines and procedures referenced in the Fed-
eral asbestos standard 29 CFR 1910.1001 (formerly 29 CFR 1910.%3a),

The guidelines of this NIOSH report should be cargfully and consistently foilowed
by persome! collecting and evaluating asbestos samples in order fo yield aocurafe
resuls.
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| SCOPE

A, This method describes the equipment and
procedures for collecting, mounting, sizing,
and counting askestos fibars on celluiose estor
membrane fiters in the evaluation of breahing
1one samples of airbome asbestos fibers, The
nurgose of the method is fo determing an em-
ployee's exposure to airborng asbeslos fibers.
The methad is primarlly a personal monitoring
facnniqus, but can be used for area monitorng,

B, The meihod has been successfully appliad
sing 37 mm Milipore A fiters and smal
battery operated personal sempling pumps at
2 flow rale of 10 %o 25 fitars per minute
(lom] for time periods of & few minutes to 150
minudes at concenrations of 1 to 20 fhers
(longer than 5 micrometers)/cubic centimeter
Large deviations from these conditions may
tesult in samples wilh ether too few or loo
many fibers, which will yield air concentration
asfimates of low statistical precision and
ACCUTACY.

0. This method considers only fioers wih a
length o width ratio of § fo 1 or greater and 4
 length greater than § micrometers

[l SUMMARY OF METHOD

The sample is collected by drawing alr through
3 membrane fiter by means of a battery
powered persongl sampling pump. The fiter s
transformed from an opague solid membrane
lo a transparent, optically homogeneous gel
The fibers are sized and counfed by phase-
contrast microscope af 400-450X magniication,

il SIGNIFICANCE

This type method was first used by the Asbes-
tosts Research Council n Great Britain (1) and
iater was slightly modfed by the U8, Public
Hoalth Service for asbestos dust studies in the
United States (2). 1 has been referenced as the
method of test (3} for the Federal standard for
ashestos n industrial alr (29 CFR Part 1910-
1004, formerly 29 CFR 1910.93), and fhe
MESA air qually standard 30 CFR 55.54(b) in
the NIOSH Crieria Document on occupations!
aiposure o asestos (4), in sampling proce-
dures of the Occupational Safely and Health
Administration, Depariment of Labar (5] 1t s
the method used by NIOSH and taught in
NIOSH Division of Training, Gourse 582, "Sam-
pling and Eveluating Airbame Asbestos Dust"
Finally, the procedure has been submitied o
the ASTH for consideration as an ASTM Veth-
o of Test

I DEFINITIONS

“Ashestos fibers" means asbestos fibers longer
han 5 micrometars, “Ashastos' incluges chry-
sotle, amosite, crocidolte, tramolite, antho-
ohylite, and actinae, For definltions of terms
ysed in {nis report, refer to ASTM Definitions
[ 1356, Terms Refating to Afmospheric Sam-
pling and Analysis.

V' INTERFERENCES

Alt particuletes with & length to widh ratio of
3101 or greater and fength greater than §
micrometers should, in the absence of other
information, be considered to be asbestes
fibers and counted &s such.

VI APPARATUS
A Sampling Equipment
The personal sampling equipment train con-
sists of: 1) personal sampling pump, 2) bing,
3) clothing spring cli, 4) tubing-lo-fold moni-
tor metal adaptor, and §) ield monitr (collect-
ing fiter and holder).
1. Personal sampler pump, The pump must
be battety powered and weigh less than 2
paunds (09 kgl. The pump tust be capable
of sampling at 1.0 1o 25 lpm againgt a flow
resistance of 7.5 Inches of waler (14 m
Ho) for 8 continuous hours on & fully
charged battery,
2, Tubing, Laboratory fubing such &s rubber
or plastic with 6 mm bote (% inch) and
about 90 cm length (3 feet)
3, Clothing spring ¢lip. This clip aftaches
the rubber tubing to the lapel or shirt of the
individual being monitored, Large spring
paperclips will aiso work,

4, Tubin-tofiold monitor adaplor, A shot
adaptor with ridges on one end to grip the
ingide of the tubing. The other end is de-
signed for a presswre fit inlo the field
monitor,

5. Field monitor {collocting fiter and holder).
The only field monitor currently considered
acceplable by NIOSH is manufactured by
the Miflipora Gorporation, The unit consists
of: 1) a three-section styrene plastic case
designated Millipore aerosal Monitor Case,
%) a 37 mm diameter plain white celluose
ester membrang fiter designated Milipore
AR {nominal pore size of 0.8 misrometer),
3) a Suport pad, and 4) two plastic sealing
caps. 1f & lavge numbar of samples are o
be taken it will be less expensive to resse

the plastic cases. Great care must be taken
in tha cleaning and reassembly process, The
oulside mating surfaces of the feld moni-
tors should be coverad with “shrink-fit”
seallng bands to sgal the unils and provide
& writing surface for fiker identification,

B, Optical Equipment
1, Microscops body with binocular head,

2 10X Huygenian eyepieces are recoms
* mended, Other eyspisces can be substituted
* if necessary,

3. Koehler {lumination (preferably buit in
and having provisions for adjusting fight
infensity).
"4, A Porton efcl s recommended, Others
such as the Patterson Globe and Gircle can
be subsfituted, if necessary,

5, Machanital stago.

6. Abba and Zornike condenser filed wilh
phase ring {or Heine) with a rumerical aper-
fure (NA) equal to or greater than the NA,
of the objective,

T, 40-45K (NA, 085 0 0.75) positve phase
contrast achromatic objective,

] Phase-riﬁg centering telescope or Berl:
rand lens,

9. Green fier, if recommended by micro-
scope manufacturer.

10, Stage micrometer with 001 mm sub-
divisions,
For general quidance on microscopss consult

Needham (6} and Clark (7) undr phase con-
Urast microscopes and aceessori,

G, Filter Mounting Equipment

Experiance has shown that cortain equipment

Is useful for eliclent sample mounting, The

following ilems are recommended for exract

Ing and mounting & porton of the fter onto the

microscope.

1. Microscopo slices: 25 by 7.5 cm {one
inch by threg Inches) glass slides are most
commonly used, Sample number, data, iie
fals, it., ¢an be comvenientl writien on
frosted end side,

2. Gover slps: Cover lps ae a nevessary
pert of the side mount and optcal system,
The shape should be appropriats for the
si2e of the fiter wedge. The appropriae
cover sfip depends upon the objective 1o be
used, Oroinarity objectives are Optically cor-
rected fora #1% (0.7 miflmeler) thicknass
cover Slip. Improper cover glass thicknase

3 Scafpel: A sealpel is needed to remove 2
portion of the fitar to be examined. A num-
berten curved blade sealpel works vory
il '

4, Twsezers: A palr of fing-tipped tweezers
is used to remove the membrang filter slice
from the fietd monitor and place it upon the
slide,

§. Lens tissue: To insure cleanliness, use
of a finbree tissue i recommended, This
tssue should also be used for wiping mout
ing fools and for cleaning slides and cover
sigs.

6. Glass rod or spafula; A spatula or firge
polished glass rod is needed to spread the
mounting solufion on the slide.

7. Whealon Balsam botile: This special glass
container has a glass top which provents
contamination of the mounting solufion. A
(lass rod is included for dispensing the
$olution,

VIl REAGENTS

Chemicals should be reagent grads, free from
partcles and coler, conforming to the specifi
calions of the Commitee on Analytical Re-
agents of the Ameriean Chemical Socety,
where such specifications are available. Chem-
icals required are;

A, Dimethyl phthalate

B. Diethyl oxalate

VI SAFETY PRECAUIONS

" Avoid getting the mounting solution on the

skin. Wash skin promply with soap and water
if skin contact occurs.

X SAMPLING

A Gengral Information

General guidelines for tho moniforing of om-
plojee exposures to indusiral atmospheres
are given in teference (8], Tho Fodoral require-
ments regarding employee oxposure monior-
ing for airborne asbestos aro givén In 29 CFR
1610.1001,

8. Galibration

The personal sampling pump shoud be re-
sherged prior fo calibralion and then cali
brated (8) against a bubble meter, wet test
meter, spivometer, or smillar device at 1.0 1o
2.5 Ipm. The sampling tran used n the calira-
fien {pump, hose, fier) should be the same
s the one used in the field. The calbration
sfould be of sulficient accuracy that the 95%

confidence limits on the flowrale are +10%
{. two standard dayiatianel



C. Mounting the Sampling Pump on
fhe Worker
Fasten the sampling pump to the worker's belt
and fasten the field monitor fo the lapel or
shittfront {as close to the face as s practcel).
Remove the top cover of the plastic menior
then invert the monfior making certain the
exgosed fller is facing downwerd, Turm on the
pump and adjust to the previously calbraled
flowrate (1.0 0 25 lpm). lmediately record
{he following information in a logboo

{, Filier number

2, Pump start tme and date
3. Flow rate

4. Subject’s name

5. Typs of operalion

3, Ventlation controls and/or i worker is
wearing a respirator anproved for asbestos.

The pump should b checked periodically dur-
ing the sampling period for proper operation
and flowrate.

0. Optimem Sampling Tirmes

The requirement for & minimum count of 100
finers or 20 fields in Section XID}(3) below
wes detormined fo be the optimum chioce to
achieve low varizbifty of the fber count (as
anproximated by the Poisson distrouton) and
reduced couating fimes. Another way of look-
ing at this reguirement s that the optimum
fiver density on the fiter should be on2 fo fve
finers per microscone counting field, To esti
mete optimur sampling times ong must know
in advance the approximate field areg of the
couning scope and the pump flow rate.

The foflowing equation is used fo calouiate the
range of optimum sampling times which can
then be plotted on log-log paper.

IFIFLECAINFA
BTN

where FB/FL = 110 5 fibers/field
ECA = eflective colating area of -
ter (835 mm for 37 mm filer)
MFA = microscope field area (genar-

Minutes = —

ally 0.003 10 0.006 mm)

FR = Pump flow raie {generally 1.0
025 Jpm)

AC = Alr conceniration of fibers in
fibers/ee

Flgures 1 &nd 2 show typical sampling times
for & pump flow rate of 1.7 Ipm. Figure 1is for

a microscops field area of 0.003 mm. In Fig-
e 2, we see that the sampling times which
yield an-optimum fiber densiy on he filr are
in the range 40 to 80 minutes for a 1.7 fpm
sampling rate and 0,006 mm field area, Each
individual responsible for sampling asbestos
should prepare a simitar chart for his particular
pump flow rate and field area before sampling
is performed to aveid fiters that are teo light
for reliable stafistis or too heavily loaded o

_ count, However, note that the upper limit on

the optimum counting densiy of § fioers/field
Is an arbirary one. This upper limt is highly
dependent on the background particulale den-
sity, Under very light background conditions
the upper limit for reliable counts may exiend
10 %5-30 fibers/field.

From Figures 1 and 2, it can be sean that there
ate cerain sampling times which will yield
optimum finer densities on the fillr for almost
all airbarne fiber concentrations from 1 to 10
fibars/cu.cm, These optimum times have been
calculated and arg presented in Figure 3. Note
that the optimum times given by Figure 3 are
approximate and can be varied by & much as
=05 parcent, The nomogram is intended s @
quide to be used where ro prior knowledge of
the air concentration Is evallatde. I, after
sampling for the times recommended by Figure
3, the sample is very heavily loaded {greater
than 10 fibers/field), then the air conceniration
probably greally exceeded the celing standard
of 10 fibers/ cu.cm, Canversely if the filer fber
ensity is very low (less than 1 fiber/field) then
the air concentration probaby was less than
the 197 Federal S-our average sancard of
2 fivers/cusm, 29 CFR fot0 00 {b)(2) effec-
five July 1, 1976). The nomogram gives the
sampiing times which produce optimum fiber
densities on the fiter (1 to 5 fhers/ield) for
air concentrations of 1 o 10 fbers/cu.cm.

£, End of Sampling Period

Remove the field monilor, replace the plastic
top cover and the small end caps, and slore
the monitor. Always shut off the pump when
changing monitors to avoid contaminating or
damaging the pump, Record the pump shulaf!
time and flowrats in the logbook,

F. Blanks

With each batch (25 to 50 fiters) of samples
submit two unopened filers which have been
subjected to the same handling as the samples

except that no alr has been drawn through
fhem, Label these as blanks. Ifthe blanks yield
fiber counts greater than about 5 fibers/ 100

figlds, then the entire sampling procedure
should be examined carefully for the cause
of conlamination,

Figure 1 == Optimum sampling fimes for airborne ashestos
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Figure 3 — Nomagram for oplmum sampling imes for atbome asbestos fiers
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G, Shipping
The field montiors in which the samples are
coliected should be shopped in a rigid cone

tainer with suficient packing material to pre-

vent crushing.

K. Numbers of Samples

When sampling for the cefling standard (29
CFR 1810.1001(b)(3) effective July 7, 1972)
only ong sample {{5-minute maximum durae
tion) is theoretically necessary, Howver, Seve
eral samples Should be taken during expected
periods of peak air concentrations o allow
for detection of gross sampiing or counting
IS,

When sampling for determination of noncom-
pliance with the 8-hour TWA standard one
should continuously semple as large a porton
of the work day as is feashle, (29 CFR 1910,
1001(bif1) or {b)(2)) Normaly this would mean
1010 consecutive samples on the same man.
Howaver, if this 15 not feasible the 8-hour TWA
air conceniration can be estimated from fewer
than 610 samples. Leida! and Busch (10) have
shown an optimum number would b 4 to 7.
Refer to reference {10) for treatment of the
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data for the determination on noncomptiance,
§ee the NIOSH handbook (8], and Jones and
Bri (11) for how fo treat data taken for an
amployes axposurs monitoring program,

X CALIBRATION AND STANDARDIZATION
A, Parton Reticle and the Counting Field

The asbestos fber count procedure consists of
comparing fber length wit calibrated circles,
and counting &l fibers greafer than § micro-
meters in length within  given counting field
area. It Is recommended that a Porton reticle
be used for this purpose. The Porton relicle is
a glass plate mscribed with  series of circles
and rectangles. The squars on the left, divided
Into i rectangles, is defined as the counting
field.

B, Placement in Eyepiece

The Porton reticle is placed inside the Huyge-
nian eyeplece where it rests on the feld-
limiting diaphragm, The reticle should be kept
clean, since dirt on the retice i in focus and
yill complicate the counting and sizing proc-
gss. For mounting in other eyepieces such as
2 Ramsden, a counting collar must be used,

C. StageMicromeler

The Porion reficle cannot be used for ¢ounting
unt it has been properly calireted with a
siage micrometer, Most stage micrometer
scales aro approvimately two milimeters long
and are divided into units of one-hundredth of
 Millimeter or ten micrometers.

0. Microscope Adjustment
When adjusting the microscope follow the
manufacturer's instructions while observing the
following guidelines:
1, The light source image must be in focus
and centered on the condenser irs or anny-
lar diaphragm,
2. The abject for examination must be in
focus,
3. The illuminator flelc iris must be in focus,
centered on the sample, and opened only 0
the point where the field of view s Hlumi-
nated.
4, The phase rings (annular diaphragm and
phase-shifting elements) must ba cancentric.

E. Porion Reticle Calibration Procedure

Each eyeplace-objective-reticla combination on
the microscope must be catiorated, Should any
of the three be changed (disassembly, replace-
ment, zoom adjustment, efe.) the combination
must be recalibrated, Calibration may change
I interpupillary distance is changad, For proper
calibration, the following procedure should be
followed closaly. '
With a 10X objective in place, place the stage
micrometer on the mechanical stage, focus,
and conter the image, Change fo the A0-45K
objective and adjust the first scale division to
coincide with the left boundary of the Porton
ractangle. Count the numbar of divisions be-
tween fhe left and right boundaries of the fong
horizontal dimension of the largsst rectangle,
stimating any portion of the final division. This
measurement represents 200 L enits and one
ivides the measurament by 200 fo find “".
The large rectangle is 100 L units long on the
short verticel dimension, The calculated “L" is
inserted into the Jormuta D=L (N)% where
"N' Iy the clrcle number (indicated on the
reticie) and “D" is the circle diamater, Since
the circle diameters vary logarithmically, every
other circle doubles in diameter, For example,
rumber three is twice the diameter of number
one; number four is twice the diameter of num
ber two, When the circle sizes have been

Getermined, the counting fleld area consisting
of the left six smalier rectangles can be calcu-
lated from the relation 10000 L. This com-
letes the reficle calbration for this specific
objective-eyepisce-reticte combination,

X' PROCEDURE

A Preparation of Mounting Solution

A very important part of the sample evaluation
iy the mounting process. This process involves
 specizl mounfing medium of preseribed vis-
costty. The proper viscosty Is imporlant in
order to expedie fiter clearing and minimize
particle migration. Once the sample has been
mounted, an elapsed fime of approximately
filteen minutes is needed belore the sample is
teady for evaluation.

Combing the dimethyl phihalate and digthyl
oxalate in one to one ratlo by volume and pour
into a Wheaton balsam bottle, Add 005 gram

of new membrane fiter per millter of solution

{0 reach the necessary viscosity. The mixture
must be stimed periodically until the filters
haye dissolved and a homogengous miture is
formed. The normal shelf Iffe of the mounting
solution is about six months. Twenty millfters

of mounting solution will prepare approkis

maiely 300 semples,

B. Sample Mounting

Cleanliness is important! A dirty working area
may testt in sampie contamination and etro-
neous counts, The following steps should ba
followed when mounting a sample.

1. Clean the slides and cover slips wilh lens
fissua, Lay the side down on & clean sur-
face with the frostéd end up. It is a good
praclice to rest one edge of the cover slip
on {he slide and the ther edge on the work-
ing surface. By deing this, you keep the bot:
tom surface {the one which contacts the
fiter) from becoming contaminated.

2. \Wipe all the mounting tools clean with
lens fissue and place them on & clean sur-
face (Such as lens issue]. When mounting
a series of filers e scalpel should be
wied Clean before culing sach sample,

3, Using 2 glass rod which is supplied with
the Wheaton balsam bolle, apply @ smal
drop of mounting solution onto the center f
the slde, It may be necessary to adjust the
quantiy of solution used or the size of the
wacge. The correct amount will resut in the




sofution extending only sfightly beyond the
fiter houndery, f the quantity is greater than
this, adverse parficle migration will sceur.

4. With the spatuta or & supplemental glass
10d, spread the mounting megia iato & tr-
angular shape. The size of this trizngle
should coincide with the dimension of the
filler wedge.

5, Separats the middle and bottom sections
of the fietd monitor case o expase the frag:
i fiter, Cut a trizngular wedge from the
certer to the edge of the fiter using the
scalpel. The size of the wedge should ap-
nrckimale one-2ight of the fiter surface

. Grasp the fiter wadge with the tweazers
in the outer area of the filter which was
clamped betwean the monifor case sections,
Do not touch the filter with your fingers,
Place the wedge, sampled side up, upon the
mounting medium.

7. Pick ug the cover slip with the tweezers
and carefully place it on the fter wedge.
Oneg this cantact has been made, do nol
reposition the cover sfip.

§ Label the slide with the sample number
and curent date before proceeding to the
next filter,

9, The sample should become transparent
after about fifteen minutss, If the fitter ap-
pears cloudly, it may be nacessary fo press
vary lightly on the cover slip. This Is rarely
necessary.
10, Discard the sample mount after three
days if it has not been counted. Crystals
which appear similar to asbestos fibers may
begin to grow af the mounting media/air
‘nierfaces. They seldom present any prob
loms i the sfide Is examined before three
days. In any case, stay away from fhe flier's
edges when counfing and sizing,
C. Cointing and Sizing
Finding and inspecting counting fields, Place
{he slide on the mechanical stage and posiltoin
the canter of the wedge under the objective
lens and focus upon the sample, Nearly al of
the particulates (particles and fibers) will be
found in the upper ten to fifeen micrometers
of the fiter surface, When counting and sizing,
confiruel use of the fine focus control is re-
qued o insure thal nottng is missed. Start
caunting from one end of the wedge and pro-
gross along 2 radial fine o the other end

{count in efther direction from clrcumfarence
fo wedge tipl. Random fields are selected,
without looking ino the eyepiecs, by slightly
advancing the slide in cne direction with the
mechanicat stage contral,

0. Achieving Comparable Results
1. Size only fioers with 2 length to width
tatio greater than or equat o 3.1,

2. Count only fbers greater than § micro-
mefers n fength. (Be as accurale as pos-
sible in accepting or rejecting fibers near
fhis length). Measure curved fiers along
the curve to estimalg the total length.

3. Count as many fields as necessary to
vield & total count of at Teast 100 fibers.
Exceptions: a) count at least 20 fields even
if you count more than 100 fibers, and b)
stop at 100 fistds even it you haven't eached
100 fibers,

4, Select the field of view withaut looking
through the microscope's eyepleces to elimi
nae unconssiously selecting “heawy” or
“light" arazs,

5. The fields are selected along the enlirg
length of & radial ling running hetween the
outside parimeter and the tip of the wedge.

6, When an agglomerate (mass of material
covers a significant portion of the field of
view (approx. 1/6 or greater) reject the field
and selact another, {Do not include it in the
number of fields counted.) However, report
the fact as it may have meannig to sampling
or medical personnl,

7, Bundles of floers are counted as ons fiber
Unless hoth ends of a fiber crossing ancther
ean be clearly resalved,

8. For fibers that cross itter one or bwo
sides of the counting field, the following pro-
¢adura is used to obtain a representiaive
count, First, arbitrarly selsct: a) the left and
Bottom sides, and b) the upper and lower
left comers and vertical direction s “dec
sion aids.”
Then count any fiber greater than § microm»
glers in length, but cnly if the fiber.
. ligs enirely within the counting area or,
b. crosses the et or bottom sides, or
. crosses tha upper or lower [eft corers, or
d, crosses hoth the fop and bottom sides.

Reject and do not count all other fibers,
Refer to Figures 4 through 9

Figure 4, COUNT, fiber erosses both fop
and botlom sides.

Figure 8, COUNT, fiber crosses lower left

corner,
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Figure 5, COUNT as one fiber.

Figure S, COUNT, fer crosses upper lft
comer,




X CALCULATIONS OF AIRBORNE

CONCENTRATIONS

hshestos fiber airbome congentration may be

calculated from fhe folowing formula:
NS

T

Where:

G = Airborne fiber coneantrafions in fibers
D3 miem,

F = Average fber countin fibers 5 ym/
field

B = Average fiber count of blank(s) or con-
trol fterl) in fibers 5 ym/Teld. (it s

" sublracted to eliminata the emor or
background contamination,

W = 855 mm for 87 mm diameter fiter (the
nortion of the Millipore fitar which is
exposed when mounted in the field
manitor case, 1e, the effective filler
area),

A = The area of the counting field of a cali-

 brated reticle expressed in mm?/fild.

V = Total air volume collected through fi
ter expressed In mililiters,

" XIl PRECISION AND ACCURACY
A An aocuracy and precision study of the
membrane fiter counling procedure for asbes-
fos has heen canducted by Comway and Hol
land (12), They conduted an intralaboratory
sfudy involving six counters, Three of the
counters were experienced while the other
thres had only & short familiarization with the
ries for fiber counting, The conclusions of the
study Included:
1, The precision of the procedure for fiters
not containing an abundance of fing fiers
can be estimated by a standard deviation of
16.2%, This value includes variation among
counters and observed interaction effects.

2. The acouracy of the procedure for simlar
flkers may be estimated for a 100-fiaer count
oy a standard deviation of 21.4%. This
assumes that the contribution of the overal
variance from the nonuniform fiber distribus
fion fs additive.

3, The fioer concentration vrigs signif
cantly Detwieen angular sectors on @ given
ftter. Where approximately 100 floers are
counted, the standard deviation of the fiber
count distribution for the whale fiter appears
{o be represented by 1.6 + {nJ%, rather than

{n)*% which i a property of the Poisson dis-
{ribution, wherg {n) is the total number of
fibers counted,

4, A high percentage of very fine fibers on
the filter can significantly affect the standard
deviation and confidence limits for counts by
(ilferent counters, After combining variations
in fiber concentrations over the entire fiter
with those for ifferent counters it was con-
tluded:

8. For fllers with a fow concentration of
the fibers, the standard deviation s esti
mated at 21% and the 95% confidence
intarval is 43%.

b. For fillers with a high concentration of
fine fibers, the standard deviation Is esti
mated at 25% and the 95% confidgnca
interval is £30%.

B, Lynch, Krongveter, and Leide! ({3} have
also reported on the precision of the method.
Their intrafaboratory study utlized the data
from & large rumber of dust counts made by
diferent methods by experienced counters
over a period of years in an épldemiologic
study of the ashestos products Industry, They
concluded that the standard deviation of counts
of fibers longer than 5 micrometers on mem-
brane fiters coul be estimated from the rela-
tion g = (n)*, Thus for counts of about 100
fibers, the standard deviation coutd be esti
mated at about 15.2% and the 95% confidence
limits at +304%, These values arg lower than
the precision values reported by Conway and
Holland (12).

C. Systematic inaccuracies can be introduced
by the improper choice of microscape or by
notchecking a parfoular individual's counts n
relation o other counters, Leide! and Busch
(14) found that one particular microscope
tested yielded counts that were approximately
45% higher on the average than counls from
four other microscopes in & phase contrast
michoscope evaluation. Also, one particular
counter produced counts that were 27% higher
on the average. Leidel and Busch (14) con-
cluded that a significant difierence in asbestos
fiber counts can resuit when the same fiters
arg counted on different makes and models of
microscopes. Significant differences can also
exist between traned counters. They con-
cluded that any laboratory counting asbestos

on memdrane fillers should be part of an inter-
Iaboratory collaborative quality program. This
particioation will insure that: 1) equipment is
properlly adjusted and calibrated; 2) countrs
are propeny {rained and their counting effi
Clency is continually evaluated; and 3) com-
Darable resuls are obtainedfrom each labora-
tory. This tyne of quality control program is
conducted by NIOSH as the Proficiency Ana-
Iical Testing (PAT) program, The PAT pro-
gram s used by the AIHA as part of their
Laboratory Accreditation Program which is
partialy funded by NIOSH,
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For definitions of terms used in this reperl,
refer to ASTM Definitions D 1356, Terms Relats
ing to Atmospheric Sampling and Analysis.
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