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Title 29
Code of Federal Regulations
Parts 1900 to 1919

Revised as of
July 1, 1979

§1910.1008 Asbestos.

(a) Definitions. For the purpose of
- this saction, (1) “Asbestos” includes
chrysotile. amosite. crocidolite, tremo-

lite, anthophvllite, and actinolite.
(2) " Asbestos fibers” means asbestos

. fibers longer than 5 micrometers.
{b) Permissible cxposure to airborne
. concentrations of asbestos fibers—(1)
. Standard effective July 7, 1972, The 8-
hour time-weighted average airborne
concentrations of asbestos fibers to
which any employee may be exposed
shall not exceed five [ibers, longer
than 5 micrometrrs, per cubic centi-
meter of air, ax determiined by the
method prescribed i paragraph (e) of

this section.

2 Standard effective Julv 1, 1978,
The B-hour time-weighted average air-
borie concentrations of asbestos fiders
3 . to which any employer may bYe ex-
\ posed shall not exceed two fibers,
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Chapter X¥Vil—Occupsational Safety and Health Administretion

longer than 5 micrometers, per cubie
celtimeter of air, as determined by
the method prescribed in paragraph
(e} of this section.

(3) Ceiling conceniration. No em-
ployee shall be exposed at any time to
airborne concentrations of asbestos
{ibers in excess of 10 fibers, longer
than § micrometers, per cubic centi-
meter of air, as determined by the
method prescribed in paragraph (e) of
this section. -

(¢) Methods of compliance—(1) Engi-
neering methods. (1) Engineering con-
trols. Engineering controls, such as,
but not limited to, isolation, enclosure,
exhaust ventilation, and dust collec-
tion. shall be used to meet the expo-
sure limits preseribed in paragraph (b)
of this section. .

({1} Local erhaust venlilalion. (a)
Local exhaust ventilation and dust col-
lection systems shall be designed, con-
structed, installed, and maintained in
accordance with the American Nation-
al Standard Fundamentals Governing
the Design and Operation of Local Ex-
haust Systems, ANSI 29.2-1971, which
is incorporated by reference herein.

(b) See § 1910.6 concerning the avail-
ability of ANSI 29.2-1971, and the
maintenance of a historic file in con-
nection therewith. The address of the
American National Standards Insti-
tute is given in § 1810.100.

{iii) Particular fools. All hand-oper-
ated and power-operated tools which
may produce or release ashestos fibers

in excess of the exposure limits pre.

scribed in paragraph (b) of thls sec-
tion, such as, but not limited to, saws,
scorers, abrasive wheels, and drills,
shall be provided with local exhaust
ventilation systems in accordance with
subdivision (ii) of this subparagraph.

(2) Work practices—{(i) Wet methods,
Insofar as practicable, asbestos shall
be handled, mixed. applied, removed,
cut, scored, or otherwise worked in a
wet state sufficient to prevent the
emission of airborne fibers in excess of
the exposure limits prescribed in pars-
graph (b) of this section, unless the
usefulness of the product would be di.
minished thereby.

(iiy Particular producis and oper-
ations. No asbestos cement, mortar.
coating, grout, plaster, or similar ma-
terial containing asbestos shall be re-

§ 1910.1001

moved from bags, cartons, or other
containers in which they are shipped..
without being either wetted, or en-
closed, or ventilated so as (0 prevent
effectively the release of airborne as-
bestos fibers in excess of the limits
preseribed in paragraph (b) of this sec-
tion.

(i1} Spraying, demolition, or remoyp-
el Employees engaged in the spraying
of asbestos, the removal, or demolition
of pipes, structures, or equipment cov-
ered or insulated with asbestos, and in
the removal or demolition of asbestos
insulation or coverings shall be pro-
vided with respiratory equipment in
accordance with paragraph (dX2)ii)
of this section and with special cloth-
ing in accordance with paragraph
(dX3) of this section.

(d} Personal protective equipment——
(1) Complisnce with the exposure
limits prescribed by paragraph (b of
this section may not be achieved by
the use of respirators or shift rotation
of employees, except:

(i) During the time period necessary
to install the engineering controls and
to Institute the work practices re-
quired by paragraph (c) of this sec-

. ton;

(if) In work situations in which the
methods prescribed in paragraph (¢
of this section are either technically
not feasible or feasible to an extent in-
sufficlent to reduce the airborne con-
centrations of asbestos fibers below
the limits prescribed by paragraph (b)
of this section; or

(iil) In emergencies.

(iv) Where both respirators and per-
sonnel rotation are allowed by pars-
graphs (d)(1) (D), <if), or (ii]) of this sec-
tion, and both are practicable, person-
nel rotation shall be preferred and
used.

(2) Where a respirator Is permitted
by paragraph (dX1) of this section, it
shall be selected from among those ap-
proved by the Bureau of Mines, De-
parument of the Interior, or the Na-
tional Institute for Occupational
Safety and Health, Department of
Health, Education, and Welfare, under
the provisions of 30 CFR Part 11 (37
F.R. 6244, Mar. 25, 1972), and shall be
used in accordance with subdivisions
(1), Ui, (i), and (iv) of this subpara-
graph.
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§ 1910.1001

(8 Air purifying rcspiraiors, A reus-
ab.o or single use air purifying respira-
tor, or a respirator described in para-
graphs (dX2) (i) or (iii) of this section,
shall be used to reduce the concentra-
tions of airborne asbestos fibers in the
respirator below the exposure limits
prescribed in paragraph (b) of this sec-
tion, when the ceiling or the 8-hour
time-weighted average airborne con-
centrations of asbestos fibers are rea-
sonably expected to exceed no more
than 10 times those limits.

{il) Powered air purifying respira-
tors. A full facepiece powered air puri-
{yving respirator, or a powered air puri-
fying respirator, or a respirator de-
scribed in paragraph (@X2)iii) of this
section, shall be used to reduce the
concentrations of airborme asbestos
fibers in the respirator below the ex-
posure limits prescribed in- paragraph
(b) of this section, when the ceiling or
the 8-hour time.weighted average con-
centrations of asbestos fibers are rea-
sonably expected to exceed 10 times,
but not 100 times, those limits.

(iif) Type “C" supplied-air respira-
tors, continuous flow or pressure-
demand class. A type “C' continuous
flow or pressure-demand, supplied-air
respirator shall be used to reduce the
concentrations of airborne asbestos
{ibers in the respirator below the ex-
posure limits prescribed in paragraph
(b} of this section, when the ceiling or
the 8-hour time-weighted average air-
borne. concentrations of asbestos fibers
are reasonably expected to exceed 100
times those limits. -

(iv) Establishment of e respirator
progrem. (@) The employer shall es-
tablish a respirator program in accord-
ance with the requirements of the
American National Standards Prac-
tices for Respiratory Protection, ANSI
Z88.2-1969, which is incorporated by
reference herein,

(b) See § 1910.6 concerning the avall-
ability of ANSI 7Z88.2-1968 and the
maintenance of a historic file in con-
nection therewith. The address of the
American National Standards Insti-
tute is given in § 1310.100.

(¢} No employee shall be assigned to
tasks requiring the use of respirators
if, based upon his most recent exami-
nation, an examining physician deter-
mines that the employee will be

R "~ Title 29—Labor

unable to function normally wearing a
respirator, or that the safety or health
of the cmployee or other employees
will be impaired by his use of a respi-
rator. Such employee shall be rotated
to another job or given the opportuni.
ty to transfer to a different position
whose duties he is able to perform
with the same employer, In the same
geographical area and with the same
seniority, status, and rate of pay he
had just prior to such transfer. if such
a differert position is avallable.

{(3) Special clothing: The employer
shall provide, and require the use of,
special clothing. such as coveralls or
similar whole body clothing, head co-
verings, gloves, and foot coverings for
any employee exposed to airborne con-
centrations of asbestos fibers, which
exceed the ceiling level prescribed in
paragraph (b} of this section.

(4) Change rooms: (i) At any fixed
place of employment exposed to air-
borne concentrations of asbestos {ibers
In excess of the exposure limits pre-
scribed in paragraph (b} of this sec-
tion, the employer shall provide
change rooms for employees working
regularly at the place.

(i1 Clothes lockers: The employer
shall provide two separate lockers or
containers for each employee, so sepa-
rated or isolated as to prevent con-
tamination of the employee's street
clothes from his work clothes.

(ii) Laundering: (¢) Laundering of
asbestos contaminated clothing shall
be done 50 as to prevent the release of
air-borne asbestos fibers in excess of
the exposure limits prescribed in para-
graph (b) of this section.

{b) Any employer who gives asbes-
tos-contaminated clothing to another
person for laundering shall inform
such person of the requirement in
paragraph (dX4xiiiXa) of this section
to effectively prevent the release of
sirborne asbestos fibers in excess of
the exposure limits preseribed in para-
graph (b) of this section.

{¢) Contaminated clothing shall be
transported in sealed impermeable
bags. or other closed. impermeable
containers, and labeled {n accordance
with paragraph () of this section.

(e} Method of measuremenl All de-
terminations of airborne concentra-
tions of asbestos fibers shall be made
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_Chapter X¥lil-—~Deccupotional Safety and Haalth Administration

by the membrane [ilter method at
40{-450 x (magnification) (4 millime-
ter objective) with phase contrast illu-
mination.

(Y Monitoring—(1) Inilial determi-
netions, Within 6 months of the publi-
cation of this section, every employer
shall cause every place of employment
where asbestos {ibers are released to
be monitored in such a2 way as to de-
termine whether every employee's ex-
posure to asbestos fibers is below the
limits prescribed in paragraph (b) of
this section. If the limits are exceeded,
the employer shall immmediately under-
take a compliance program in accord-
ance with paragraph (c) of this sec-
tion.

(2} Personal monitoring—({) Sam-
ples shall be collected from within the
breathing zone of the employees, on
membrane f{ilters of 0.8 micrometer
porosity mounted in an open-face
filter holder. Samples shall be taken
for the determination of the 8-hour
time-weighted average airborne con-
centrations and of the ceiling concen-
trations of asbestos {ibers.

(ii) Sampling frequency and pat-
terns. After the initial determinations
required by paragraph ({X1) of this
section, samples shall be of such fre-
quency and pattern as to represent
with reasonable accuracy the levels of
exposure of employees. In no case
shall the sampling be done at intervals
greater than 6 months for employees
whose exposure to asbestos may rea-
sonably be foreseen to exceed the
limits prescribed by paragraph (b) of
this section.

(3) Environmental moniforing—(l)
Samples shall be collected from areas
of a work environment which are rep-
resentative of the airborne concentra-
tions of asbestos fibers which may
reach the breathing-zone of employ-
ees. Samples shall be collected on a
membrane filter of 0.8 micrometer po-
rosity mounted in an open-face filter
holder. Samples shall be taken for the
determination of the B8-hour time-
weighted average airborne concentra-
tions and of the ceiling concentrations
of asbestos fibers.

(it) Sampling /frequency and pai-
terns, After the initial determinations
required by paragraph ({1} of this
section, samples shall be of such fre-

§ 1910.1001

quency and pattern as to represent
with reasonable accuracy the levels of
exposure of the employees. In no case
shall sampling be at intervals greater
than 6 months for employees whose
exposures to asbestos may reasonably
be fareseen to exceed the exposure
limits prescribed in paragraph (b) of
this section.

(4) Employee observalion of moni-
toring. Affected employees, or their
representatives, shall be given a rea-
sonable opportunity to observe any
monitoring required by this paragraph
and shall have access to the records
thereof.

(g) Caution signs and labels. (1)
Caution signs. (i) Posting. Caution
signs shall be provided and displayed
at each location where airborne con-
centrations of asbestos fibers may be
in excess of the exposure limits pre-
scribed In paragraph (b} of this sec-
tion. Signs shall be posted at such a
distance from such a location so that
an employee may read the signs and
take necessary protective steps before
entering the area marked by the signs.
Signs shall be posted at all approaches
to areas containing excessive concen-
trations of airborne asbestos fibers.

(i) Sign specifications. The warning
signs required by paragraph (gX1Xi)
of this section shall conform to the
requirements of 20" x 14" vertical
format signs specified in
§ 1910.145(dX4), and to this subdivi.
sion. The signs shall display the fol-
lowing legend in the lower panel, with
letter sizes and styles of a visibility at
least equal to that specified in this
subdivision. . :

. Logand Notgron
A 1 Sans Send, Gothe o
h Block.
Oust Hozard, %" Sane Sent, Gothe
or Block.
Avend B iy Oust, ¥~ Gotrie.
Waese Asspned Protective ¥~ G,
Do Mot Remain in Ares Uniess ¥~ Gothwe.
Yorw Wart, Rogures R
Bregthing Asbestws Dust May Be 14 powe Gathee,
Hazasdous Te Your Health,

Spacing between lines shall be at least
equal to the height of the upper of
any two lines.

(2) Coution labels—(I) Labeling. Cau-
tion labels shall be affixed to all raw
materials, mixtures, scrap, waste,
debris, and other products containing
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§ 1910.1001

asbestos fibers, or to their containers,
exc2pt that no label is required where
asbestos {ibers have heen modified by
a bonding agent, coating, binder, or
other material so that during any rea-
sonably foreseeable use, handling,
storage, disposal, processing, or trans-
portation, no airborne concentrations
of asbestos fibers in excess of the ex-
posure limits prescribed in paragraph
(b) of this section will be released.

(i) Label specifications. The caution
labels required by paragraph (gX2XD
of this section shall be printed in let-
ters of sufficient size and contrast as
to be readily visible and legible. The
1abel shall state: .

CAUTION
Contains Asbestos Fibers
Avoid Creating Dust

Breathing Asbestos Dust May Cause Serious
Bodily Harm

(h) Housekeeping—(1) Cleaning. All
external surfaces in any place of em-
ployment shall be maintained free of
accumulations of asbestos {ibers If,
with their dispersion. there would be
8n excessive conceritration.

(2) Waste disposal. Asbestos Wwaste,
scrap, debris, bags. containers, equip-
ment, and asbestos-contaminated
clothing, consigned for disposal, which
may produce in any reasonably f{ore-
seeable use, handling, storage, process-
ing, disposal. or transportation air-
borne concentrations of asbestos fibers
in excess of the exposure limits pre-
scribed in paragraph (b) of this section
shall be collected and disposed of in
sealed impermeable bags, or other
closed. impermeable containers.

(i) Recordkeeping—{(1) Ezposure rec-
ords. Every employer shall maintain
records of any personal or environ.
mental monitoring required by this
section. Records shall be maintained
for a period of at least 20 years and
shall be made available upon request
to the Assistant Secretary of Labor for
Occupational Safety and Health, the
Director of the National Institute for
Occupational Safety and Health, and
to authorized representatives of
either.

(2) Emplovee access. Every employee
and former employee shall have rea-
sonable access to any record required

Title 29~=Labor

to be maintained by paragraph (IX1)
of this section, which indicates the
employee’'s own exposure to asbestos
{ibers.

(3) Employee notificalion. Any em-
ployee found to have been exposed at
any time to airborne concentrations of
asbestos fibers in excess of the limits
prescribed in paragraph (b) of this sec-
tion shall be notified In writing of the
exposure as soon as practicable but
not jater than 5 days of the finding.
The employee shall also be timely no-
tified of the corrective action being
taken.

{j} Medical examinations—(1) Gen-
eral. The employer shall provide or
make available at his cost, medical ex-
aminations relative to exposure to as-
bestos required by this paragraph.

(2) Preplacemenil. The employer
shall provide or make available to
each of his employees, within 30 calen-
dar days following his first employ-
ment in an occupation exposed to air-
borne concentrations of asbestos
fibers, a comprehensive medical exam-
ination, which shall include, as a mini-
mum, a chest rcentgenogram (posteri-
or-anterior 14 x 17 inches), & history
to elicit symptomatology of respira-
tory disease, and pulmonary function
tests to include forced vital capacity
(FVC) and forced expiratory volume
at 1 second (FEV..). '

(3 Annual eraminations. On or
before January 31, 1973, and at least
annually thereafter, every employer
shall provide, or make available, com-
prehensive medical examinations to
each of his employees engaged In occu-
pations exposed to airborne concentra-
tions of asbestos fibers. Such annual
examination shall include, as a mini-
murn, a chest roentgenogram (posteri-

,or-anterior 14 x 17 inches), a history

to elicit symptomatology of respira-
tory disease, and pulmonary function
tests to inciude forced vital capacity
(FVC) and forced expiratory volume
at 1 second (FEV..,).

(4} Termination of employment. The
employer shall provide, or make avail-
able, within 30 calendar days before or
after the termination of employment
of any emn.ployee engaged in an occu-
pation exposed to airborne concentra-
tions of asbestos {ibers, a comprehen-
sive medical examination which shall

584

Brivil

GPJW 00672

HWBUI0007688



Chapier XVil—Oceupational Safsly and Heulth Administration

include, 85 a minimum, a chest roent-
gei.ogram (posterior-anterior 14 x 17
inches), a history to elicit symptoma-
tology of respiratory disease, and pul-
monary f{unction tests to include
forced vital capacity (FVC) and forced
expiratory volume at 1 second
(FEV..ed

t5) Recent examingtions. No medical
examination is reguired of any em-
ployee. if adequate records show that
the employee has been examined in
accordance with this paragraph within
the past l-year pericd.

(6) Medical records—(l} Mainte-
nance. Employers of employees exam-
ined pursuant to this paragraph shall
cause to be maintained complete and
accurate records of all such medical
examinations. Records shall be re-
tained by employers for at least 20
years.

(il) Access. The contents of the rec-
ords of the medical examinations re-
quired by this paragraph shall be
made available. for inspection and
copying, to the Assistant Secretary of
Labor for Occupational Safety and
Health, the Director of NIOSH, to au-

78

§1919.19 Special provisions for air con-
taminants, ’

(a) Asbesios dust. Section 1810.1001
shall apply to the exposure of every
employee to asbestos dust in every em-
ployment and place of employment
covered by §% 1910.12, 1810.13. 1910.14,
1910.15, or 1910.16, in lieu of any dif-
ferent standard on exposure to asbes-
tos dust which would otherwise be ap-
pilica.ble by virtue of any of those sec-
tions.

thorized physicians and medical con- Note: Following defines (

sultants of either of them, and, upon PR .
the request of an employee or former 2daitlonal occupational

employee, to his physician. Any physi- areas affected.by section
cian who conducts a medical examina- 1910.19 above:

tion required by this paragraph shalil

furnish to the employer of the exam-

ined employee all the information spe- 1810.12
cifically required by this paragraph.

and any other medical information re-

lated to occupetional exposure to as-

bestos fibers.

{39 FR 23502.-June 27T. 1974. Redesignated cluding painting
ab 49 FROGT0T3, May 28, 1475, and amended

¥R ) ) and decorating)

at 41 FR 11105, Mer. 19.._‘915] 1910.13 - Ship repairing
1910.14 <~ Shipbuilding
1910.15 < Shipbreaking
1910.16 - Longshoring

- Construction

Work {construc-
_ tion, alteration,
. and/or repair, in-
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Appendix A

RULES AND RBGULATIONS

Title 29-—LABOR

Chapter XVi—Occupotional Safety
and Health Administration, Departe
ment of Lobor

PART 1910-—0CCUPATIONAL SAFETY
AND HEALTH STANDARDS

$Standard for Exposure fo Asbestos
Dust

On December 7, 1071, an emergeney
dard concerning

umpon.rys EXPOSUTS

msbestos fibess was published in the
P:nuu. Rearsren (36 P 23207), In ac-
eordance with seetion () (3) of the Wil-
lams-Steiger Cocupinional Bafely and
Health Act of 1070, & notice of proposed
8

was published in the Feogral REoisTEr 08
January 12, 1873 (37 F.R. ¢88). The no-
tice invited interested persons to submit
both orally and i{n writing, data, views,
angd arguments concerning the proposal.

On or about January 24, 1872, the Ad~

tions for an Occupationsl Exposurs
Standard for Asbestos by the Nationsi
Institute for Occupstional Bafety and
Health (NIOSE) , Public notice was given

recommendations

to the Assisiant Becretary of Labor for
Occupational Safety and

Note: Feders! Ragister, Vol. 40, No. 103,
May 28, 1975, p. 23072, announced
that the OSHA standard for Exposure
to Asbestos Dust was recodified from
1910.83a to 1910,1001.

Pursuant to the notice of rule making,
& heartng was heldonuurchum:h
1‘1 1873, for me:umaoltr‘nee!Mom
dm.. views, and arguments concerning
the proposed standard. Om or sbout
Bareh 31, 1972, the presiding hearing ax-
aminer certified to the Assistant Seere-

pemuut concentrations of
fibers; (2) meothods of compliance; (3)
signs; {4) monitoring; (3) med-

limit oocupational exposure to §-hour
ﬂmo-veuhtad average {TWA) airborne

ttons of tos dust not ex-
ceeding five fivers longer than five
micromelers per milliliter. Concentra-
tions above five fibers but not to exceed
10 fibers (celling concentration) would
be permitied up to 15 minutes in an hour,
but for not more than § hours in any one
8-hour day.

WIOSH in eflect hes recommenced
thiat the Bve-fiber TWA and 10-fber
peak concentrations be permitied only
for 3 years; thereafter, TWA concentra-
toms showld be not more than 3 fibers
per cuble centimeter (em.®) of air, and

mdodatw—ﬁbuwmmhmmn
efective in 8 months, then & one-fiber
standaxd for 2 yéars, and finally & sero-

cmmendations give a faly Indication of
the wide spread of the countarproposals.
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No one hes disputed that exposure to
ashestoa of high enough intensity and
long enough duration is eausaily related
{0 ssbestosis and cancers, The diapuis {5
23 to the determination of & specific level
below which exposurs Is safe. Various
studies attempting o establish quantita-
tive relations between specific levels of
exposure to sshestos fibers and the ap-
pearance of adverse biologleal maniles-
tations, such As asbestosis, jung cancers,
and mesotheliomn, have given riss to
coniroversy as to the validity of the
messuring technigues used and the rells-
bility of the relations attempted to be
established. Because of the long lspss
of tme betwoen onset of exposurs snd
Pyl faatabl ws bave now
evidence of the consequences sf exposure,
but we do not have, in general, accurate
measures of the levels of exposure oc-
curring 20 or 30 years ago, which have
given rise to these consequences, There
are also controversies concerning the
relative toxicily of the various kinds of
ashestos, and varying hazerds in dif-
ferent workplaces.

It s falr io sey that the confroversy
has centered in the ares between a two-
fiber TWA concentration and five-fiker
TWA concentration, with variations on
the time needed for complisnce. Many
employers support & five-flber TWA.
Most medical opinion is divided between
a iwo-fiber standard and a fve-fiber
standasd.

In view of the undisputed grave con-
sequences from exposure to ssbestos
fibers, it is essential that the exposture be
regulated now, on the basls of the best
evidence avallable now, even though it
may nol be as good 83 scientifically de-
strable. An asbestos standard can be e~
evaluated fn the light of the results of
ongoing studies, and future studles, but
eanpot wait for thern. Lives of employees
are st stake,

It is concluded that u;;nlhouldbe

e dard to

one P e
asbestos applicable to all workplaces ex-
posed to any kind, or mixture of kinds,
of ssbestos. Reasons of practicel ad-
ministration preclude s variety of stand-
ards for different kinds of ssbestos and

some present employees with reqular ex-
posure to ashesios have probably al-
ready sccurnulated great doses of dsbes~
tos fibers, dus (o higher levels of ex-
posure in the past; becauss it appears
that levels of exposure whizh may be
safe with regerd to sshestoss are not
safe with regard to mesothelloms; be-
causy the statule requires the protection
ot every employee, aven of one who may
have regular sxposurs 1o asbestos during
& working tfe which may reash, or even
exceed, 4 years: and beesuse of severanl

The redord shows that the many work

manuf!
twind, and installaticn, eto.} will
maet degress of difficuity in
complying with the standerd fu some

fe

elrcirnstances, Dacates, 48 2
gemeral rule, it would be difficult to im-
Perscnal

Betsuss there must be one standard
plemant. protective equipment,
xposure to all varieties of Buch cannot be relied
babosics, S0 % WorkDlaces AUMTEDMY (o tecaree, srsons ot rebsces, ey
A2
|
- gri13:i? -
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slso, hove medical departmen
wmﬂhﬂ-d&unmzm
resscpable (o permit them fo uillise the
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ressons the standard provides that eme
ployers may have a restricted acoess to
soms medical nformation.

On the other hand, there iz no inten-
tion to allow employers to abuse medical
information oblained pursuant to the
Act, to the detriment of
Therefore, the administration of the
medical records requirement will be
closely watched, and, in casss of abuse,
appropriste acticn will be considerad,

The issues discussed above are belleved
to be the major ones. Numerous other ls-
sues have been ralsed In the rulemaking
proceedings. Some heve boen referved to
incidentally. Many recommendationg, for
ingtance, ebout work Drectises, are o
obﬂouﬂy meritoTious that thelr adop-

tion nesds no exposition bau. Other
recommendations and many objections
hsvcnotbea:wopudfor.vmmd

variance, or in cases of emergency and
oceasiona!l short-term exposures. The
recommendation with respect (0 vari-
ances undoubledly has many wmerits,
but is considered administratively im-
practics],

Accordingly, after consideration of the
whole record of the proceeding, and
pursusnt 0 sections 6 (b) and (¢} and
8(c) of the Witlinme-Steiger Oocupms
tional Safety and Health Act of 1570 (84
Stat. 1593, 1306, 1599; 29 UB.C, €38,
65, 28 CPR 18104, and o Secretary of
Labor's Order No, 12-71 (38 P.R. 8734),
Part 1910 of Title 30 of the Code of Fed-
eral Regulations iz amendad a2 set forth
below,

$1910.1001 Ashestos
(8) Definitions. For the

A4

(i) Local exhoust ventilgtion. (@
Local exhsust ventilation snd dust eol-
lection ayetemns shall be designed, con-
structed, installed, and maintained in
accordance with the American National
Standard Pundamentals Coverning the
Design and Operstion of Local Exhaust
Bystems, ANBI Z8.2-1971, which is in-
corporated by reference herein.

m’seenmsmeommsm.nn-

tems in mccordance with subdivision (3
of this subparsgraph.
(2) Work practices—(1) Wet methods.
bestos

(1) Pearticular and operg-
tions. No ssbestos cement, mortar, cont~
ing, grout. plaster, or material
containing be pemorad
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umxu prescyibed in paragraph (b) of
this section.
Hh) Sprayiag, amom::: or removal.

with mhmomumm
ance with parsgraph (&) (2) (i) ou;hs
section and with special clothing in

cordance with peregraph (d)(3) oﬂhh

by parsgraph (¢} of thu section:

) In work situations in which the
methods preseribed tn paragraph (e) ol
this section are either technically no
feasible or xeuible to an extent mnm
clent to reduce the alrborne concentra-
tions of ashestos fibers below the limits
prescribed by paragraph (b) of this
section: or

<45y In emsergencies.

(iv) Where both respirators and per-
sonnel rotation gre allowed by subdivi-
sions (1», (D, or (i) of this subpsrs-
graph, and bath are practicable. person-
nel rotation shall be preferred and used.

(2) Where a respirator is permitied by
subparagraph (1) of this paragraph, it
shall be selected from among those ap-
proved by the Bureay of Mines, Depart~
ment of the Interior, or the National In-
stitute for Occupational Safety and
Health, Department of Heallls, Bduca-
tion, and Welfare, under the provisions of

mmn(np.n 6244, Mar. 25,
1972) and shall be used In sceordancs
with lnbdivixlm- €4y, (), () and (v)
of this sul

{13 Afr purifying respirators. A reuss-
bie or single uve air purifying respirator,
or a respirator deseribed in subdivislen
(i) or (iliy of this sul abvall
be wsed to reduce the concentrations of

7] in
unmph (b) of this sectiom, when the
celling or the 8-hour time wdlhhd SV
sge alrborne concentrations of azbesios
fibers are reszonably emmesied (o exosed
no more than 10 times thoes limits.

{4) Powered air purifying respirotors.
A full faceplece powered air
respirator, Or a powered sir purifying
respirator, or & respirator described in

tions of airborne asbestos fibers i the
respirator below the exposure limits pre-
geribed In paragraph (b)) of this section,
when the celling or the 8-hour time-
weighted aversge concentrations of
asbestos fibers are ressonsbly sxpected
{0 exceed 10 times, but not 100 times,
those limits.

8y Type “C” suppled-gir respirators,
eontinuous flow oF pressure- 4
clgss. A type "C” continuous flow or pres-

sure~-demand, suppled-air respirator
shall be used to reduce the comcentra-
tins of alrborne asbestos fibers in the
respirator below the exposure limits pre-
scribed in paragraph (b} of this section,
when the celling or the 8-hour time- -
weighted average airborne concentra-
tions of msbestos fibers ere ressonably
expected to exceed 100 times those Limits.
. (§9) Establishment of ¢ respirator pro-
pram, (@) The emplicyer shall estabiish
a respirator program in accordance with
the requirements of the American Na-
tional Btandards Practices for Resplra-
tory Protection, ANEBI 238.3-1869, which
is incorporated by reference barein.

b, Bee § 16108 concerning the svall-
ability of ANST Z88.2-19¢8 and the maine
tenance of an historic file in
therewith, ‘The address of th

ployee to
tions of asbestos fibers, which exteed the

AS
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cefling level prescribed in parsgraph (b
of this section.

{(4) Change rooms’ (I} Al any fixed
place of employment exposed o alrbore
trations of asbestos fibers in ex-

cess of the exposurs limits prescribed in
paragraph (b) of this section, the em-
ployer shall provide change rooms for
employees working reguiarly at the place.

) Clothes lockers: The employer
shall provide two separaie lockers or con-
tainers for each employee, s0 separated
ar isolated as (o prevent contamination
of the employee’s strest clothes from his
work clothes.

(i) Iaundering: (8) Leaundering of
ashestos contaminated clothing zhal) be
done s0 a& to prevent the relesss of alr-
borpe asbestos fbers in excess of the ex-

sontaminated clothing to another person

and labeled in accordance with pera-
graph (g} of this section.

(e) Method of measurement, All de-
terminstions of airborne concentrationsg
of asbestos fibers shall be made by the

membiane filler method st 400-430 X
(magnification) (4 millimeter objective)
with phase contrast luminetios.

£y Monitoring-—(1) Initial delermi-
nations. Within 8 months of the publi-
cation of this section, every employer
ahall esuss svery place of employtsent
where asbestos fibers are relessed fo be

taken for the
toe of the B-bour Hme-
ted sverage CERCHNLTD~

for employees whose exposure Lo ssbestos
may repsonably be foreseen to excesd
the limits prescribed by paragraph (b)
of this section,

(33 Environmental moniloringe—({)

mamuwueemlmmuoi_
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Legend Notation
Ashestos ... 1 Sans Seril,
Gothie or
Riook,
Dust Hagatloooneenconon %' Sens Serif,
Gothle or
Block.

Avold Breathing Dust... 34 ° Gothie,

Wear Assignod Protective 4’ CGothle,
Equipment.

Do Not Remain Iz Ares 14" Cothle,
Uolme Your Wak Ba-

Breathing Asbesios D\: 14 polnt Oothle.

Spacing between lines shall be st lesst

tion labels shall be affimed
materials, miztures, scrap, wasts, debris,
and other products containing asbestos

labels required by subdivigon (1) of thia
subparagraph shall be printad in letters
of sufiicient size and contrast as to be
readily visible and legible. The label shall
state:

Cavenow
Contains Asbestion Fibers
Avodd Creating Dust
Bresthing Asbestos Dust May Caneg
Berious Hodily Barm

) H keeping—(1) Cleans

mitlations of asbestos fibers if, with thelr
dispersion, thege would be an excessive
concentration.
(2) Waste disposcl. Asbestos waste,
scrap, debris, bags, coniainers, equip~
taminated

p
shall bs notified in writing of the expo-

5ire 8% 300N 83

ticable but not later
than § days of the finding. The employee
shall also be timely notifled of the cor-
rective action being taken.

§) Bedical examinotions-(1) Gen-
erud, ‘The employer shall provide o make
svailable st his cost, medical examina-
tions relative o exposure 10 asbestos re~
quired by this parsgraph.

(2) Preplacement, The employer shall
provide or make avatlable to each of his '
emplopees, within 30 calendar days fol- P |

lowing his first employment in an

occcupation exposed to

tirborne con-

eentrations of ashestos fibers, & compre-
bensive medical examination, which shall
include, a8 & minimum, & chest roent-
gemogram {posierior-anterier 14 x 217
inches), & history to elicit symptom-

stology ef resplratory

disease, and

pulmonary function tests to include
forced wital capacity (PVC) and forced
expiratory volume at 1 second (FEV,.).
{8} Ammual ezaminations. On or be-
fore January 31, 1973 and st least an-
nuslly therealter, every employer shall
provide, or make available, comprehen-
sive medical examinstions to each of his
employees engaged in occupations exe
to airborne concentrations of as-

roentgencgram (posterior-anterior 14 x
17 tches), & history to elicit symplom-
abology @f respirstory disease, snd
pubnonary function tests (o include
foresd vital capacity (FPVC) and forced
expiratory volume at 1 second (FEV.O.

{4) Termination of employment. The

smployer shall

provide, or make avail-

able, within 30 calendar days before or

GPJW
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asbestos fibers, & comprehengive medical
examination which ghall include, ss &
miniengn, & chest roentgenogram (pos-
terlor-anterjor 14 x 17 inches), & history
to elfeit symptomatology of mﬂutow
digease, and pulmonsry function tests
o mclude !oroed vital capacily (V0
and foreed expiratory volume at 1 second
{FEV..).

(5) Recent ezaminations. No medical
examination {8 required of any em-
ployee, if adequale records show that
the employee has been examined in se-
cordance with this paragraph within the
past 1-year period.

(8) Efedical records—il) Mainte-
nance, Bmployers of mloyeummhea

this paragraph shall

§ 1910.1% Speclal provisions for alr cone
taminants.

{a) Asbestos dust. Section 1910.1001
shall apply to the exposurs of every em-
ployes to asbestos dtuc m every smploy-
ment and place of g ent coversd
by § 1810.12, 1916.1 § 1810.14,
f 1910.15, o1 § '1910.16, mhmolmy dif-
&

rent 8 d on ex; aabestos
dust which would otg:ndn be appli-

e,

P ST

cable by virtue of any of those secty

Note: Following defines additional

employers for at least 20 years, ccrupetional aress affected by sec-

x'g..l) oA:cm The contents of the rec- tion 1810.19 above:
@ madical $1910.12 — Construction
required by this paragraph shall be made (mmvm?n_ -
available, for inspection copying, ion, and/or
to the Aszistant Secretary of Labor foc Wuon. .“m?'i"

tional Bafety and Heslth, the and

Director of NIOSH, to su physt- " decorating)
clans and medical consultants of either :g{g E gh‘P Repairing

of them, and, upon the request of an em-
ployee or former employes, to his physt-
cian. Any physiclan who conducts &

$1910.18 — Shipbreaking
§1810.16 — Longshoring

o o v o

A8
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Appendix B

USPHS/NIOSH Membrane Filter Method
For Evaluating Airborne Asbestos Fibers

Nelson A. Leidel ""‘T
Stephen G. Bayer
Raiph D. Zumwalde

U.S. Department of Health, Education, and Welfare
Pubtic Health Service P
Center for Disease Control
National institute for Occupational Safety and Health
Cincinnati, Ohio 45202

November 1975

This report describes the equipment and procedurés for collecting, mounting, 8iz-
ing, and counting asbestos fibers on cellulpse ester membrane filtess for the evaiuation
of breathing zone samples of eirborne gsbestos fbers. The purpose of the method
presented iz to determine an employee’s exposure to airborne ssbestos fibers.

This is the mathod of test refersnced in the Federal standerd on occupational
exposure to asbestos (290 CFR 1010.1001, formerfy 20 CFR 1910.93s) and the MESA
(Mining Enforcement Safely Administration) eir quality standards (30 CFR 55.5-1 (b)).
it Is used by the Mationel Institute for Occupetional Sefely and Health (NIOSH) and the
Occupational Satety and Health Administeation (OSHA).

81
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Preface

it has besn aimost seven years since the last detailed information was published
by NIOSH concerning an asbestos counting method (Edwards and Lynch, 1888). In the
interim, this method passed from a recommended status to one required by federal
occupational heslth standard 20 CFR 1910.100t (formerly 1910.83a).

This report was prepared to expand on the 1988 paper. It incorporates much of
the sampling and analytical experisnce of the last seven ysars accumulated by counts
made by NIOSH taboratories and the OSHA Analytical Services Laboratory. Ths report
attempts to answer many of the practical questions concerning the method. A draft of
this report has been used for the last two years by the NIOSH Division of Training in
a courge on asbestos sampling and analysis.

Recently a report prepared by the Joint AIHA-ACGIH Aerosol Hazards Evaluation
Commiitee was published in the AIMA Journal (Recommended Procedures for Sam-
pling end Counting Asbestos Fibers, AlHAJ, 36, pp. 83-80 (1975)). The AIMA-ACGIH
report was not submitted for techunical review to either NIOSH or OSHA personnet
responsible for technical procedures of the USPHS/NIOSH asbestos count msthod. The
AIHA-ACGIH report contains condlicting and possibly confusing guldelines. This NIOSH
report contains the NIOSH technical guidelines and procedures referenced in the Fed-
oral asbestos standard 28 CFR 1810.1001 (formerly 28 CFR 1810.63a).

The guidelines of this NIOSH report should be carsfully and consistently followed
by personnel collecling and evalusting asbestos samples in order fo yleld accurate
resulis. .

83
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i SCOPE

A. This method describes the squipment and
procedures for collecting, mounting, sizing,
and counting asbestos fibers on caliulose ester
membrane tilters in the evaluation of breathing
zone samples of airborne asbestos fibers. The
purpose of the method is to dotermine an em-
ployea's exposure {0 airborne asbestos fibers.
The mathod is primarily & personal monitoring
technique, but can be usaed for area manitoring.
8. The method has been successiully applied
using 37 mm Millipors AA filiers and small
battery operated personal sampling pumps at
a flow rate of 1.0 to 2.5 iiters per minute
{lpm) for time pariods of a few minutss to 180
minutes at concenirations of 1 o 20 fibers
(longar than S micrometers)/cubic centimeter.
Large deviations from these conditions may
resull in samples with sither 100 few or too
many fibers, which will yleld air concentration
estimates of low statistical precision and
accuracy.

C. This mathod considers only fibers with &
length fo width ratio of 3 10 1 or greater and &
length greater than 5 micrometsrs.

i SUMMARY OF METHOD

The sampls Is collected by drawing sir through
a membrane filter by mesns of & batiery
powered parsonal sampling pump. The fiiter ls
tranaformed from an opaque solid brang
to & transparent, optically homogeneous gel.
The fibers are sized and counted by phase-
contrast microacope at 400-450X magnification.

Iti SIGNIFICANCE

This type method was first uséd by the Asbes-
tosis Ressarch Council in Great Britaln (1} and
tater was slightly modified by the U.5.-Public
Health Service for gsbeatos dust studies in the
United States (2). it has bsen refersnced as the
meathod of tast {3) for the Federal standard for
asbestos in industrial air (28 CFR Part 1910.~
1001, formerly 28 CFR 1810.93a), and the
MESA air quality standard 30 CFR 85.5-1(b} in
the NIOSH Criteria Document on occupationa!
axposyre to asbestos (4), In sempling prote-
dures of the Occupational Safety and Health
Administration, Departmant of Labor (5). It le
the method used by NIOSH snd taught in
NIOSH Division of Tralning, Course 582, “Sam~
pling and Evaluating Alrborne Asbestos Dust”.
Finally, the procedure has been submitted to
the ASTM for considerstion as an ASTM Meth-
od of Test.

86

IV DEFINITIONS

“Asbestos fibers” means asbestos fibsrs longer
than 5 micrometers. “Asbestos” includes chiy~
sotile, amosite, crocldolite, tremolits, antho-
phyllite, and actinolite. For definitions of terms
used In this report, refer 1o ASTHM Definitions
D 1358, Terms Relating to Atmospheric Sam-
pling and Analysis

YV INTERFERENCES

All particulates with & fangth to width ratlo of
3 o 1 or greater and lsngth greater than 5
micrometers should, in the sbsence of other
information, be congidered to be asbestos
fibéra and counted as such.

Vi APPARATUS

A. Sampling Equipment

The personal sampling equipment irain con

sists of: 1) persongl sampling pump, 2) tubing,

3} clothing spring cilp, 4) tublng-to-fisid moni-

tor metal adaptor, and 5) field monitor (collect-

ing filter and holder).

. 1, Pergonal sampler pump. The pump must
bs battery powered and weigh less than 2
pounds (0.2 kg). The pump must be capabls
of sampling at 1.0 to 2.5 ipm against a flow
resistance of 7.5 inchas of water {1.4 em
Hg) for 8 continuous hours on.a fully
charged battery.

2. Tublng. Laboratory tubing such as rubbar
or plastic with 8 mm bore (% Inch) and
about 90 cm length (3 feet).

3. Clothing speing clip. This clip attaches
the rubber tubing to the tapel or shint of the
individus! belng monltored. Large apring
paperclips will aiso work.

4. Tubln-ta-fleid monitor adaptor. A short
adaptor with ridges on one and to grip the
inside of the tubing. The other end i& de-
signed for a pressure fit into the fiskd
monitor.

8. Fleid monltor (collecting fiiter and holdsr).
The only flald monitor currently considered
accsplable by NIOSH s manufsctured by
the Millipore Corporation. The unit consists
of: 1} & three-section styrens plastic case
designated Millipors seroso! Monitor Cass,
2} a2 37 mm diameter plain white csliuioss
ester membrane filter designated Millipore
AA (nominal pore size of 0.8 micrometer),
3) a support pad, and 4) two plastic seeling
caps. if @ large number of samples are to
be taken 8 will be less expensive 10 reuss

b
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the plastic cases. Great care must be taken
in the clesning and reasssmbly process. The
outside mating surfaces of the flisid moni-
tors should be covered with “shrink-fit”
ssaling bands to seal the unils and provida
a writing surface for filter identification.

®

Oplical Equipment
1. Microscope body with binocular head.
2. 10X Huygenian eyspleces sre recom-
mended. Other eyapleces can ba substitutad

3. Scalpel: A scalpel is needed ty ramove &
portion of the filter 10 be examined. A num-
ber-ten cuived blade scaipel works very
well.

4, Tweezers: A palr of fine-lipped tweezers
s used to ramove the membrane fliter slice
from the fisid monitor and place it upon the
slide,

$. Lens tizgsve: To Insure cleaniiness, usé
of & lint-fres tissue is recommendsd. This

4 it necessary. tissue should also be used for wiping mount-
3. Koohler illumination (preferably built in Ing tools mnd for cleaning stides and cover
and having provisions for adjusting fight slips.
intensity). 8. Glass rod or spatuis: A spatuls or fire-
4, A Porton reticle Is recommended. Others polished glass rod s needed to spread the
such as the Patterson Globe and Circle can mounting solution on the slide.
be substituted, if nscessary. 7. Wheaton Bal. botile: This special glass
5. Mechanical stage container has & plass top which prevents Spmome——
g " i i 3
8. Abbe and Zernike condenser fitted with i AR i At
phase ring (or Meins} with & numerical aper- solution
ture {N.A.) equal to or greatar than the N.A. " ;
of the objactive. Vil REAGENTS b
7. 40-45X (NA. 0.85 to 0.75) positive phase Chemicals should bs resgent grade, fres from
c;mtra,st achromatic objactive, particles and color, conforming to the specifl-
cations of the Committee on Analytical Re- .
8. : "T”’”"“ centering telsscope or Bert- agents of the American Chemical Soclety. R |
fand lens. whase such specifications ara available. Chem-
9. Green filter, if recommended by micro- icals required are:
scope manufacturer. A. Dimethyi phthaiate
10. Stage micrometer with 0.01 mm sub- 8. Diethyl oxatate
divisions. VIt SAFETY PRECAUTIONS
For general guidance on microscopes consult Avold getting the mounting solution on the
Needham (6] and Clark (7} under phase con- skin. Wash skin promptly with soap and water
trast microscopes and accessories. if skin contaet occurs.
C. Filter Mounting Equipmaent 1
Experienca has shown ihal certain equipment : g:r;::':rc;ormmon
s useful for efficient sample mounting. The General guideii for the itoring of em-
tollowing items are recommended for extract- ployss exposures to industriai atmospherss
ing and mounting a portion of the filter onto the are given In referance (8), The Federss require-
ml;:ro:'copo. lides: 2 75 ments regarding employse axp to
- Microscope siides: 2.5 by 7.5 cm (one ing for alrborne asbestos are given in 28 CFR
inch by three inches) glass siides are most 1910.1001
we commonily used. Sample number, dats, lni- 8 - i N '
tials, etc., can be conveniently written on & Te ca bnn‘a?numpllng pump should be ro-
. ;’”C‘;"’ "':/ "f‘:; ol charged prior 1o calibration and then cali-
- o‘;.‘t'h pl’m ver slifs are " necessary brated (8) against & bubble meter, wet test
‘E'" . o 8 n """“'"' and °Pr: ‘:'" :7'“.:' meter, spirometer, or smiilar device at 1.0 to
he shape should be appropriate for the 2.5 ipm. The sampling train used in the cafibra-
size of the filter wadge. The appropriste fion {pump, hose, filter} should bs the sams
"'";' g':;‘“:'"d; ”‘;" the objociﬂv; lo be a8 the one used in the fleld. The calibration
used. Ordinarily obectives are optically cor- should be of sufficient accuracy thet the 95%
rected for 8 #1% (0.17 miltimetar} thickness canfidence limits on the flowrate are =10%
cover slip. Improper cover glass thickness {= two standard deviations).
will detract from the final imege quallty.
87
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C. Mounting the Sampling Pump on
the Workee
Fasten the sampling pump to the worker's beit
and fasten the field monitor to the lape! or
shirt front (as close to the fece as is practical).
Remove the top cover of the plastic monitor,
then invert ths monitor making certain the
eaposed filter is facing downward. Turn on the
pump and adjust 1o the previously calibrated
flowrate (1.0 to 2.5 Ipm). Immediately record
the following information in a iogbook.

1. Filter number

2. Pump start time and date

3. Fiow rate

4. Sudjsct's name

6. Type of operation

6. Ventilation controls and/or if worker is

wearing a respirator approved for asbestos.
The pump should be chacked periodically gus-
ing the sampling period for proper operation
and flowrate.
D. Optimum Ssmpling Times
The requirement for a minimum count of 100
fibsrs or 20 lislds in Section XHD)(3) below
was determinad to.be the optimum chioce to
achieve low variability of the fiber count (as
approximated by the Polsson distribution) and
reduced counting times. Another way of look-
ing at this requirement is that the optimum
fibar density on the filler should be one to five
fibers per microscopa counting fisid. To esti-
mate optimum sampling limas one must know
in advance the approximate field arsa of the
counting scope and the pump flow rate.
The following equation is used 10 calculale the
range of optimum sampling times which can
then be plotted on log-log paper:

; _. {(EB/FL)ECA/IMFA
Minutes = e ACI(1000)
where FB/FL = 1 to 5 fibars/fietd
ECA = effactive collecting area of fil-
ter (855 mm? for 37 mm filter)
MFA = microscope fleld aras (gener-

ally 0.003 to 0.008 mm%)

R = Pump fiow rate {gensraily 1.0
ta 2.5 lpm)

AC = Alr concentration of flbers in
fibers/cc

Figures 1 and 2 show typical sampling times’
for a pump flow tate of 1.7 Ipm. Pigurs 1 is for

B8

a microscops fleld area of 0,003 mm?, in Fig-
ure 2, we see thet the sampling times which
yield an optimum fiber density on the filter are
in the range 40 to 80 minutes for a 1.7 pm
sampling rate anc 0.006 mm?* field aroa. Each
individual responsible for sampling asbestos
should prepare a similar chart for his particular
pump flow rate and feld ares before sampling
is partormed to avoid fiiters that ere too Light
for reliable statistics or too heavily loaded to
count. However, nole that the upper fimit on
the optimum counting density of § fibars/fisld
is an arbitrary one. This upper fimit Is highly
dependent on the background particulate dan-
sity. Under very light background conditions
the upper limit for reliable counts may extend
o 25-30 fibers/fleld,

From Figures 1 and 2, it can be seen that there
are certain sampling times which will yisid
optimum fier denaities on the fiiter for almost
all airbome fiber concentrations from 3 to 10
fibers/cu.cm, These optimum times have bgsn
caloulated and are pressnted in Figure 3. Nots
that the oplimum times given by Figure 3 are
approximate and can be varied by as much as
+25 parcent. The nomogram is intended as a
guide to be used where ng prior knowledge of
the air concentration is available. If, after
sampling for the times recommaended by Figure
3, the sample Iz very heavily losded {grester
than $0 fibers/fleld), then the air conceniration
probably greatly excesdsd the celling standard
of 10 fibars/cu.cm. Conversely if the filter fiber
density is very low (iess than 1 fiber/{leld) then
the air conceniration probably was iess than
the 1876 Federal 8-hour average stendard of
2 fibers/cu.cm. {29 CFR 1910.1001(b}{2) effec-
tive July 1, 1878). The nomogram givas the
sampling times which produce optimum fiber
densities on the filter {1 to § fibers/fleld) for
air concentrations of 1 to 10 fibers/cu.cm.

E. End of Sampling Period

Remove the field monitor, replace the plastic
top cover and the small end ceps, and siore
the monitor. Always shit off the pump when
changing monitors to avoid contaminating or
damaging the pump. Record the pump shutol
time and Bowrate in the loghook.

F. Blanks

With each batch (25 to 50 fiiters) of samples
submit two unopened fiiters which have been
subfected to the sams handling as the samples
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excapt that no alr has heen drawn through fislds, then the entire sampling procedure
them. Label thess as blanks. If the blanks yield should be examinsd carefully for the cause
fibsr counts greater than about 5 flbers/100 of contamination,

Figure 1 — Optimum sampiing times for airborme asbestos
where microscope flsld aree = 0.003 sq mem.
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Figure 2 — Oplimum ssmpling tmee for arborne asbesios
where microscope flsld ares = 0.008 eq. mm,
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G. Shipping

The fleld monitors in which the samples are
collected should be shopped in & rigid con-
tainer with sufficient packing materiel to pre~
vent crushing.

H. Numbers of Samples

When sampling for the ceiling standard (29
CFER 1910.1001(b}(3) eWective July 7, 1872}
only one semple (iS-minute maximum durs~
tion} is theorstically necessary. However, asy-
eral sampies should be taken during expecied
periods of peak sir concenirations to sliow
for detection o! gross sampling or counting
BITOIE.

When sampling for determinetion of nencom-
pliance with the &-hour TWA standard one
should continuousty sampie 48 large & portion
of the work day as s fessible. (20 CFR 1810,
1001{b)(1) or (2}2)) Normaily this would mean
6 to 10 conpecutive samples on the same man,
However, if this s not feasible the &-hour TWA
alr concentration can be estimated from fewer
than 8-10 semples. Leldal and Busch {10) heve
shown an optimum number would be 4 to 7.
Refer to reference (10) for treatment of the

8ic

Figure 3 — Nomogram lor optimum sampling times for airbome esbesios fibers.

WY exaune o 17 tom
14 ¢ 000302 am®
4 READ: OPTINUM TIME » 120 min
i (¢ 25%)
8
3 50—{
P-4 -4
£
W ]
=
- ]
2 ]
2 4
e 4
3
é\?.. \.
2] ————
° 3
]
2001
1
] NIOSH 7 Leidst
300

data for the determingtion on noncompliance,
See the NIOSH handbook (8), and Jonss and
Briot (11} for how to irest data taken for an
smplovee sxposurs monitoring program.

X CALIBRATION AND STANDARDIZATION
A, Parton Reticie and the Counting Fleid

Ths asbesios fiber count procedure conalsts of
comparing fiber length with calibrated circles,
and counting afi fibsre greamter than § micro-
melers in length within & glven counting fisid
ares. # ia recommended that @ Porton reticle
be used for this purppse. The Porton reticle is
a glass plate inscribed with a series of circles
&nd rectangles. The square on the lefl, divided
into six rectangies, is defined as the counting
flold. .

8. Plgcsment In Eyeplece

The Porton reticle is plased inside the Huyge-
nisn eyépiecs where it rests on the fisld-
limiting dlaphragm. The reticie should be kapt
clean, sinchd dint on the reticte is in focus and
will complicats the counting and sizing proc-
e88. For mounting In other eyepleces such &8
a Remaden, a counting collar must be used.
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C. Stage Micromster
The Porton reticle cannot be used for counting
until it hass besn properly cslibrated with &
stage micrometar. Most stage micrometsr
scales are gpproximately two millimaters long
and are divided into units of one-hundredth of
a miliimatsr or ten micrometars,
0. Micrescope Adjustmant
When adjusting the microscops foliow the
manufacturars instructions whiie observing the
foltowing guidalines:

1. The light source image must be In focus

and centared on the condenser iris or annu-

iar diaphragm. '

2. The objact for examination must be in

focus.

3. The liluminator field irle must be in focus,

centared on the sample, end opaned only to

the point where the fleid of view is {llumi-

nated.

4. The phase rings {(annular disphragm and

phass-shifting siemesnts) must be concentric.
E. Porton Reticie Calibration Procedure
Each eyepiece-objactive-reticie combination on
the microscops must be calibrated. Should any
of the thres be changed (disassembly, replacs-
ment, zoom adjustment, etc.) the combination
must bs recalibrated. Calibration may chenge
if interpupitiary distance is changsd. For proper
calibration, the following procsdure should be
followad closely.
With a 10X objective in place, place the siagse
micrometer on the mechanice! stage, focus,
and center the image, Changs to the 40-45X
objective and adjust the first scale division to
coincide with the leit boundary of the Porton
rectangle. Count the number of divisions be-
twaen the left and right boundaries of the iong
horizontal dimension of the iargest rectangle,
estimating any portion of the finai division. This
measuremant represents 200 L units and one
divides the measurement by 200 to find “L".
The large rectangie is 100 L units long on the
short vertical dimension. The calculated "L" is
insertad into the formula D =L (2¥)% where
"N s the circle number (Indicated on the
reticie} and D" is the circie diameter. Sincs
the circle diameters vary logasithmically, every
other eircle doubies In diametsr. For sxample,
numbaer thres is twice the diametsr of number
one; number four is twice the diamater of num-
ber two. When the circle sizes have been

determined, the counting field sree consisting
of the teft six amaller rectangies can be calou-
tated from the relation 10,000 L. This com-
plates the reticle calibration for this specific
objective-eyeplece-raticle combination.
Xl PROCEDURE
A. Preparation of Mounting Solution
A very important part of the sample evaluation
is the mounting process. This process invoives
& gpecial mounting medium of prescribed vig-
cosity. The proper viscosity is important in
order to expedite filter clesring and minimize
particle migration. Once the sample has been
mounted, sn elapged time of ampproximatsly
fifteen minuies is neaded before the sample is
ready for avaluation.
Combine the dimsthyl phthalate and disthyl
oxafate in one to one ratls by volume and pour
into & Wheston baisam bottia. Add 0.05 gram
of new membrane fliter per miliititer of solution
to reach the necessary viscosity. The mixtyre
must be stirred perlodically until the filters
have dissolved and 8 homoganeous mixture is
formed. The normal shsif life of the mounting
solution is about six months. Twenty milllliters
of mounting solution will prepare approxi-
mately 300 samples.
B. Sampie Mounting
Cleenlineas is important! A dirty working area
may result in sampfe contamination and smo-
nesus counts. The following sieps should be
followed when ting & ph
1. Clean the slides and cover slips with lens
tissue. Lay the siide down on 8 clean sur~
face with the frostéd end up. it is & good
practica to rest one edge of the cover slip
ofn the slide end the othar sdge on the work-
ing surface. By doing this, you keep the bot-
tom surfecs (the one which contacts the
fliter} from becoming contaminated.
2. Wipe all the mounting tools claan with
fens tisaue ard place them on & clean sur-
face (such as lens tissue). When mounting
& sorles of fiters the scalps! should be
wiped clean bafore cutting each sample.
3. Using 8 glass rod which is supplisd with
the Whasaton baisam botlis, apply a small
drop of mounting solution onto the center of
the silde. it may be necessary to adjust the
quentity of solution used or the size of the
wedge. The corract amount will result in the
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solution exziending only slightly beyond the
filter boundary. if the quantity is greater than
this, adverse particle migration will ccour,
4, With the spatule or @ supplemental glass
rod, spread the mounting media Into & tri-
angular shape. The size of this triangie
should coincide with the dimension of the
filter wedge.
5. Separate the middie and bottom sections
of the field monitor case to expose the frag-
s filter. Cut & trignguiar wedge from the
centar to the edge of the filler using the
scalpel. The size of the wedge should ap-
proximate one-aighth of the filter surface.
8. Grasp the fliter wedge with the tweezers
in the outer area of the fllter which was
clamped between the monitor case sections.
Do not touch the fiter with your fingers.
Place the wedge, sempled aide up, upon the
mounting medium.
7. Pick up the cover slip with the twoezers
and carefully piace it on the filler wedge.
Once this contact has besn made, do not
reposition the cover siip.
§. Label the slide with the sample number
and current date befors proceeding to the
next filter.
9. The sample should become {ransparent
afier about fiftesn minutes. if the filter ap-
pears cloudly, it may be necessary to 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 appeer similar to asbestos fibers may
begin to grow at the mounting media/alr
intertaces. They seidom present any probe
lams if the elide is examined before thres
days. In any case, stay away from the fliter's
edges when counting and sizing.
C. Counting and Sizing
Finding and Inspecting counting feids. Flace
the slide on the mechanical stags and positoin
the cenier of the wedge under the objective
lens and focus upon the sample. Nearly all of
the particulates (particles and fibers) will be
found in the upper ten to fifteen micrometers
of the filier surface. When counting and sizing,
continual use of the fine focus control is re-
quired to Insure that nothing e missed. Start
counting from one snd of the wedge and pro-
gress slong a radiel line to the other end

812

(count in either direction from circumference
to wedge tip). Random flelds are selscted,
without fooking into the eyepisces, by slightly
advancing the silde in one direction with the
mechanical stage control,
B. Achieving Comparable Resulte
1. Size only fibers with a tength to width
ratio greater than or equat to $:1.
2. Count only fibers greater than § micro-
meters In lengih. {Be as accurate &3 pos-
sible in accepling or rejecting fibers near
this length). Measure curved fibers along
the curve o estimate the tatal length.
3. Count as many flelds as necessary 10
yield a totat count of st least 100 flbers.
Exceptions: 8} count at least 20 flelds even
it you count more than 100 fibers, and b}
stop st 100 fislds even If you haven't reached
100 fibers.
4. Select the fleld of view without looking
", through the micr pa's ayepl to alimi-
nate unconsclously selecting “heavy” or
“light arsas.
5. The flelds sre selected along the entire
length of & radial line running betwaen the
outside perimeter ang the tip of the wedge.
6. When an asgglomerate {mass of material)
covers & significant portion of the field of
view {approx. 1/8 or greater} reject the flald
and select another, (Do not include it In the
number of flalds counted.) However, report
the fact as it may have mesnnig to sampling
or madical personnel.
7. Bundies of fibars are countad &s one fiber
uniess both ends of & fiber crossing another
can bs clearly resclved.
8. For fibers that cross elther one or two
sides of the counting fleld, the following pro-
cedurs is used to obiain & representisive
count. Flret, arbitrarily select: a) the lsft and
bottom sides, and b} the upper and lower
teft corners and vertical direction as “'deci-
sion aide.”
Then count any fiber greater than 8 microm-
sters In fength, but only i the fiber:
8. ligs entirely within the counting ares or,
b. crossss the left or bottom sides, or
¢. crossas the upper or lower left comers, or
d. crosses both the top and botlom sides.
Reject and do not count all other fibers.
Refer to Figures 4 through B.
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Figure 4, COUNT, fiber crosnes both top Flgure 5. COUNT es one fiber. ’
and bottom sides.
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Figure 8, COUNT, fber crosess left side, Figure 7. COUNT, fiber crosses bottom side. 1

Figura 8. COUNT, Aber crosses lower left Figure 8. COUNT, fiber crosses upper left
comer. SOINST.
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Xl CALCULATIONS OF AIRBORNE
CONCENTRATIONS

Asbestos fiber airborne concentration may bs
calculated from the following formula:

- {F - Bli{W)
(A)(V)
Where:
€ = Alrborne fiber concentralions in fibers
>5 ymiemd,
F = Average fiber count in fibers >§ um/
fleld.

B = Aversge fibor count of blenk(s) or con-
trol fiiter(s) in fibere >5 ,,mlmld. {itis
subtractad to eliminate the error or
background contamination.}

W = 855 mm? for 37 mm diameter fliter (the
portion of the Millipors fiiter which is
exposed when mounted in the flgid
monitor case, Le., the eifective filler
area),

& = The sres of the counting fleld of & cali--

brated reticle expressed in mmé/figld.
V¥ = Totel alr volume coliected through fil-
ter exprassed in milfiiiters.

X PRECISION AND ACCURACY
A. An accuracy and precision study of the
membrane filler counting procedure for asbee-
tos has been conducted by Conway and Hol-
land {12), They conducted an intralaboratory
study invoiving six counters. Three of the
eounters weére experienced while the other
three had only s short familiarization with the
rules for fiber counting. The conclusions of the
study included:
1. The precision of the procedure for filters
not conlaining an abundance of fioe fibers
can be estimated by a standard devietion of
18.2%. This value Includes variation among
counters and observed interaction effects.
2. The accuracy of the procedure for similar
filters may be estimated for » 100-fber count
by & stendard devistion of 21.4%. This
sssumes that the contribution of the oversll
variance from the nonuniform fiber distribu-
tion is additive.
3. The fiber wnoontmlon varies eignifl-
cantly bety B on 8 glven
filter. Where lppmxlmuty 160 fibers are
countad, the standard deviation of the fiber
count distzibution for the whole filter appears
to be represented by 1.6 « (n)%, rathes than

814

(n)% which is & property of the Polsson dis-
tribution, where (n) is the totel number of
fibers counted.
4. A high percentage of very fine fibers on
the filier can significantly affect the siandard
deviation and conflg limits for counts by
different counters. After combining variations
in fiber concentrations over the entire fiiter
with those for different countsrs it was con-
cluded:
a. For filters with & low concentration of
the fibers, the standard deviation s esth
mated at 21% and the §5% confidence
interval is =43%.
b. For fllters with a high concentration of
fine fibers, the standard deviation is esti-
mated st 25% and the 85% confidence
interval is 50%.
B. Lynch, Kronoveter, and Leidel (13} have
siso veported on the precision of the method.
Their intralaboratory -study utilized the data
from = large number of dust counts made by
different methods by experiencsd counters
over 8 period of years In an spidemiciogic
study of the asbestos products industry. They
concluded that the standard daviation of counts
of fibers longer than 5 micr on mem-
brane fliters could be sstimated from the rela-
tlen gr = {(a}>¥. Thus for counts of about 100
fibers, the standard deviation could be satl-
mated at about 15.2% and the 85% confidence
Himits &t £30.4%. Thess values ars lower than
the precision values reported by Conway and
Hollend (12}.
C. Systemastic inaccuracias can be introduced
by the improper cholce of microscope or by
not checking a particular individual's counts in
relation to other counters. Lelde! and Busch
(14) found that ons perticulaer microscope
tested yielded counta thal were approximatety
45% higher on the average than counts from
four other microscopes In 8 phese contrast
michoscope eveluation. Also, one particular
eounter produced counts that were 27% higher
on the average. Leidel and Busch (14} con-
cluded that a significant difference in asbesios
fiber counts can result when the same filters
are counted on diferent makes and modeia of
microscopes. Significant differences can alse
exist between trained counters. They cone
cluded that any laborsiory counting asbestos
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on membrane filters should ba part of an inter-
taboratory collaborative quality program. This
participation wliil insura that: 1) eguipmant is
propertly adjusted and calibrated; 2} counters
are properly trained and thelr counting efil.
ciency is continually evaluated; and 3) com-
parable rasults are obtained from each labora-
tory. This type of quality control program is
conducted by NIOSH as the Proficiency Ana-
lytical Testing {PAT) program. The PAT pro-
gram ia used by the AIHA as part of their
Laboratory Accreditation Program which s
partiaily funded by NIOSH.,
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