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Recommended Procedures for Sampling and

Counting Asbestos Fibers

Procedures foc the Evaluation of Occupational Exposures (o Alrborne Asbestos

Joint AIHA-ACGIH Aerosol Haards Evaluation Committee

kaou's ASBESTOS HAS BEEN
IDENTIFIED a8 the awuve agent of
asbestosis and has boen assotiated with an
increased cancer incidence. The Amcrican
Coaference of Governmental Industrial Hy-
gienists (ACGIH) bas established (1974) a
Thresbold Limn Yalue (TLY) for asbestos
ol § fiberx greater than $ micrometens in
bength per milliliter of air, A TLV footnote
specifies the determination shall be made by
the membrane filter method at 400X to
450 X magnification and with phasc contrast
illumination. These procedures define a
standard of sampling and ol processing the
oolkected samples in order (o evaluate occuy,
pational exposure 10 asbestos fibers.

Sumpling

Airborne samples of asbesios must be
collected on membrane filters which retain
ot the surface essentially all of the particles
i excess of 0.5 um i diameter. The filter
must be rendered transparent by the mount-
ing medium. The filter should be packed in
a scaled holder which is capable of being
readily opesed for sampling purposes and
of being lod after the sampie has been
eollouuL ’!‘he fhter must be fully exposed

fibers per square centimeter. At least 2%
to 4% of the futers wntended for collecung
samples should be set aside to determine the
background count. {Sec Cosmtlmg and Cal
cmintions tocuons). [n additioe, the filter
resistance should pot exceed 3 mm of met-
cury when filtenng air at the rate of 03
liters per minute (Ipm) per square cestimeter
of fitter,

When collecting the sample, care must be
taken Lo preveat dust from falling or from
being projected onto the open filter. This
may be accomplished by pointing the filter
bead downward, A guard or shroud should
be attached to the filter holder to further
peotect the open filter from contamuanon
s well as optimuze uniform deposition on
the filter. It diameter should be about the
same a3 the holder so that it can be attached
tightly ©0 it and it should project at least
1VA times the fitter diameter in front of it.
A protective device is particularly important
if the filter head 1 to rest oo contaminated
clothing. (Sec Figure 1.} The filter holder
tmay be ctored for a limit of six months once
it B rescaled.

The sample should not be too dease, since
samples in which parucles overlap must be
rejecied a4 uncountable. Similarly, a farge
esough volume of tir should be sampled 30
that there are sufficient numbers of fibers
in each field. Experience indicates that mose
thea 130 particles per ficld, including noo-
fibeows  background, may interfere with
counting the sample. It is desirable that
there be no moce than 10 fibers per field.
Twa or throe samples should be colfected st
each aampling location. The results should
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Figers 1. Disgram of shroud for membrans (-
tor holder. The shrowd may be coostructed from o
plmtic bottie by cutting off the seck sad drilling
2 hole la the bottom. To wee, pumh the fitier Dolder
through the hole and reach in through the top W
remave the holder cap. To remove the holder, re-
pace the cap snd pweh the filter holder forward
through the hols.

L

be averaged. 1o obtain tho fiber concentras
toa.

Breathing zone samples should reflect the
vorker's eptire pormal work day. They
oust be collected as close to the workers
~sose and over as Jong a tmo period s
«possible, Calibrated battery powered per-
. 3soaal pumps (scc Appeadix 111, Pump Cali-
“kﬂo.)mt-dnhaay:km They
%tan be worn by the worker and supported
< at the belt by means of a clip. The sam-
pling bead, which can be pinned 1o the col-
lar, is coanected to the pump by flexible
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liters, 1f a filter other than 37-mm is wsed,
e volame of sir sampted should be altered
ia direct proportion to the open filer area
Samples collected during short periods of
exposure should be collected st a high flow
rate and if necessary, for the entice exposure
period. In aff cases the count should be
sdjusted with regard to time, so that the
exposure is cxpressed as an 8-hour time-
weighted sverage exposure. For complisnce
evaluations with short term exposures, 37-
mm {ilters samplet thould be collected for
I3 minutes at 2 minimum of 2 lpm.

Sample Preperstion

A solution one-to-one by volume of di-
methyl phthalate and dicthy! oxylate in
which has been dissolved 50 milligrams of
membrane filter material per milliliter of
wolution is the preferred counting medium.
The chemicals used to prepare the medium
thould be examined microscopically to be
certain that they are duse free. The fiber
material © be dissolved should not be
marked and should have a maxisnum back-
ground count of 25 fibers per square centi-
meter of filter. The counting medium may
be stoced ja a wide-mouthed Wheaton Bal-
sam bottlke and should be applied with 2
gas rod. The counting medium has a re-
{ractive index of .46 at 25°C. The me-
dom, should be made in small quantsties

since it has & 6 month shelf Jife.

Asbesios fibers are counted on wedge

wbing. Such pumps can be operated i

omly for about cight bours and recharged’

t.

It a 37-mm filer is used to collect the
ample, the pump should be adjusted to sam-
ple between 1 and 2 liters per minute. The
wiume of air sampled should be adjusted
20 that an optimum deasity of dust is col-
Jected oa the fitter. Sioce the dust concentra-
tion is not known before sampling, the op-
tima! sampling period must be determined by
tial and error. It is suggested that, unless
experience indicates otherwise, the first sam.
ple should be collected from 20 liters of air,
e scoond from 40 and the third from 80
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shaped sections cut from the filter. The
wodge should be reasonably sized so that
itcan be mounted ona 28 x 7S mm (1 x 3
inch) glas microscope slide. The slide
should be cleaned of dust before it is used
A drop or two of counting medium is placed
oo the slide and the (ilter wedge is placed
dust side up on top of the medium. The
wedge # covered by & No. 1% coverstip.
Care must be taken while Towering the cover-
slip to avoid trapping air under it. Air bub-
bles may be forced out by cxerting shight
pressure on the cover slip with a penci!
eraser  Extreme care must be taken to avoid
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oo much pressure, tince this causcs distor-
ton 9nd stretching in the fifter.

The wedge is wsoally cleared within 15
minutas, howewer, 8 rosidue! backgroend
granulerity may be noted. This will disap-
pear within & day. Counts must be com-
pleted within two days since there « &
tendency for fiber migrstion and crystal
growth. The prepared axedium should be
checked periodically for a background count.
(Sce Connting and Calculations scctions.)

An alternste ‘mediom may be used when
the ples must be § immediatcly.
It is prepared in the samc mannce as the
proferred viscous medium, except that the
addcd membranc Gilter i< omitted  Since this
medium is much Jess viscous it should be
stored in narrow-mouthed bottles Thic me-
divm is applicd with & glass dropper after
the fidter wedge haus been placed dust side up
on the stide. However, 2 drop <hould be
placed on the stide sdjacent to but not on
10p of cuch corner of the wedge. This me-
dium acts very rapidly and the No, 1%
coverglass should be Jowered within a min-
ute. Stides made up with this “alternale
medium” arc ready for counting within five
minutes and the count must be completed
within two hours after preparation.

Filters which have been wsed o collect
wmplies and which have been rescaled in a
hotder should be removed only in a clean
envirunment. They should not be Reld with
the fingers. They may be held with tweezers
and cut with cither a scalpel or scissors.
Bottles containing media must be tightly
closed except during use Al bdotties, tools
used for handling und cutting filters, and
containers used for storing tools muct be
thoroughly cleaned and dried. Tweczers,
scissors, scalpels, cte, should be set aside {or
this purpose cxclusively.  Atthough  shdes
and coverslips are purchased precleancd.
they should e wiped tightly with clean lene
tisue to remove traces of dust. Do not -
tempt 1o reme sdides o coverslyw

Microscupe
A microscope equipped with 2 phasc con-

. [
trast substage condenscr, s 4 mm “high dry”
phasc-contrast objective (40X 10 45 X ) and
8 10X eyeplecc is vsed to count the sumple,
2t should havc cither a pre-focused buitt-in
Hiuminutor supplicd with un iris diaphragm
or be lightod by a scpacetc bright ittumninetor-
flut mirror combination. Il a scperate iltu-
minator is uscd it should be cyuippued with »
condensing leng, irls diaphregm, snd mcans
for adjusting both the iMluminator Teve! and
the distunce between the condensing Tons
and the bulb. Zoom microscopes may be
uscd for counting ushestos fiters, peovided
that the tote! magnification is withia the
4(X)-450 X runge. )

The iflummator should be cyvipped with
un adjustable constant voltage trensformer.
Both the microncope condenser and stage
require close adjustment and hoth shoutd be
rack and pinion mounted. The stage must
move slohg two p&pcndicu’ag anes in o
haorizantal planc, while the condenscr must
move up and dJown in @ verticn! plenc.
Lighting must b sdjusted for optimum bal-
ance. The Kohter method of iftuminution is
rccommended.  (See Appendin 1 for pro-
cedures requircd to establish Kohler ittu.
minator.)

The counting ficld is defincd by & retick
mounted at the Jevel of the field-limiting di-
aphragm in the 10X eyepicce. The Porton
reucle (Figure 23 1s reoommended Howewver
sny reticle which contatns markings which
in addition ty outhning an area of about
D.005 squarc millimeters, as determined by
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the combiastion of cycplcee and objoctive,
rod which defines lisear distances that may
serve as mesuring alds, {» asthfactory. The
reticle muat be calitvated priorto use and
.recalibrated such Nme it b removed from

" ¥ the mitroscope cycpleco oc when the micro-

ope tube kagth oc interpupillary distance
is changed. Zoom microscopes must be se-
.calibraed exch time the zoom position s
- changed, ($e0 Appendix 1 for mnnded
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A fiber s defined as 2 particle whose
fength ia a least three times grester than
s diameter. Al fidbers longer than S um
vithin the area delincated by the reticle, oc

which eater It from cither of two sdjscent

° tdes, are counted. Fiders entering the srea
Irom either of the other two sides, Le., those
rot abitrarily choses st “counting™ sides
e dot counted, mor fibers in excess of §
pm in diamcier, Touchiog Gibers, Le., one
of whose ends touch another fiber regardiess
of the resulting angle, are considered as one.
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chosen without preference to a particular
ares and should be opproximately equally
spaced aloag the line. The first field should
be located & fntle bit in from the point at
which mlm 3 d:po-l(cd on the filter, If
the r of g fields can-
not be focated on a single ndn! Hinc, addi-
toaal lincx paraliel to the first should be
choson,

Prefecably 100 fibers should be counted
but off the fiders in 20 ficids should be
covatod even if there are morc than 100
fibcrs. The oounting may be terminated
after 100 fickis have beea searched even if
100 fibers have not been counted.

Culcnlotions

The concentration of asbestos (ibers in air
can be expressod ss'

- Asbestos Conc. =

Fibes xR
Ficlds x Vol

\‘ -...(ooo o

Fibers that cross each other arc d in-
dividoally. Fibers that paw through the de-
lincated ares are counted provided that they
" sroes at Jeast oo of the arbitrarily cboscn
“couating™ sides. (See Figure 3.)

Fiber length should be detenmined dy
neasuriog againgt standards such as a circke
or & space delined by markings oa the cali-
brated reticke, It the fiber s curved or wavy
the total seagth should be estimated by meas-
wing along the curve. Once sufficient ex-
perience has been grined 1 judging length,
oaly fibers whose length or diameter arc in
question need be ed.

A routine for choosiog counting fickds
must be selected so that fields are not count-
ef more than once and thut a representative
fiaction ol the tosa! filter area is viewed.
A convenient procedure which may be used
1 10 sloct a serics of microscope viewing
feids atong a radral Iine cxtending from the
apex of the filter to the outer clpe of the
sinple wedge. The viewng ficlds must be
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Figure 3. lwtratson of fiber counting with i
Porson reticle. The top and left side of the lurge
box hare boen thoxn as “counting sides™, Cirdle |
6is 3 wn in dameter. (A) Fider A crises the top
of the bux and s coomed, therefore, One end of
Fiber A, touches Fiber A and thus 13 considered
s part of it and is not counted separatety (B) Fi-
ter B i 2 bundic comatning many spiles. Tt pasees
through the hor wroasing bottom and top It s
wwunted as one fiher (C) Feber ( pasies through
the box but it camses the right «ide and hattone e
1 not coanted (O3 Fiher 1) i entirely within the
hor and cronves mver Fiver A 1 s not part of Tber
A, therefore it it counted as a separate fiher (F)
Fsber Fois fess than 5 um sn feagth §t s not count-
od.
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where:
Fibers = tots! number of ibers counted
Fields = tota! number of fields counted
R = filtration arca
ares of & counting ficld
Vol = sampling rate (1pm) & time (min)
210 .
= sarsple volumc In m! of air
Since both the filtration srea on the mem-
beane filicr and the msea of the counting
ficld are normally comstant, the ratio of
arcas, R, is constant for the given conditions.
To illustrate: Air is sampled at 1 liter/
minule for 50 minutes ¢on & 37-mm mcm-
brane fitter (filtration area 855 mm?). A
tolal of 60 fibers each fonger than § um
arc counted in 100 fields cach 0 003 mm: in
arca:

855 mm:

- = s
R = 3’”0_,“2“ 28:\!0
and N
Asbestos 2% x IO' 0' x m Eibers
Conc. = o — —

100 Ficlds x

= 3.4 Fibers/m}
Since the precision of this method is hmited,
the averaged resvlts of the several samples
should be reported to the ncarcest segmificant
figure.

¢ ml x 50 mn
in

Appendix |
Recommended Procedure for I)Iahlnlmre
Kohler Hiumination

The microscope is set on a levet surface
st & convenient height and in such position
that sighting through the eyepicces s pussible
without undue strain or discomfort.

The itluminator is placed dircctty in front
of and aligned with the micsoscope. I the
Muminator is cquipped with a coll Nifement
bulb, 1ts s should be ten inches from the
mirror o ribbon filament butb s used,
the front of the filtce holder should he ot
teast scven inches from the mirror. Only
the planc surface of the mirror hoold be
used. Al {ilters should be removed tronm

E ¥

the system eacep that H dasired, novtrsl
demsity fticrs ouy bc wicd to reduce the
Tight imtansity. I the microscope is equipped
with & bulli-in luminatot, proper il
positioning hae already been sccomplished
and need not be of further concern,

Fix & mounted sampk on the stage and
recheck the alignment. Raise the substage
condenser until it nearly touches the bottom
of the slide. Twn on the Hiuminator wnd
use the tilt controls to direct the light to the
conter of the mirror. Tilt the mirror, disects
ing the besm upward into the stage con-
denser.  Close the microscope substage iris
and the iluminator iris. Use the Hluminstor
focus controf to focus the tmage of the fils-
ment on the bottom of the substage iris.
The reflcction of*the iris may be vicw i
the mitror by Icaning over the microwops.

Aftcr adjusting the dluminator condenser
5o that there is & shorp image of the filament
on the substage iris, open it sbout halfway.
Recheck proper position of the mirror and
then put the objctive in place and focus
sharply on the samplo. ft muy he nocessary
to open the substage iris dern: 1ocusing.

After the sample is in (ocus, fully close
the wris. Readjust the condenser height so
that the edge of the iris lcaves are in sharp
focus and there is a bHright spot within the
101y Readjust the mirror to obtain maximum
brghtness 1 the color around the iris s
not uniform, recheck the Muminator tift snd
focus. 11 the color is uniform and maximum
brightness has been achieved, open the fickd
iris unti! the blades just pass out of the flictd
of view.

The proper phase stop is inserted or ro-
tated into place in the substage condenser.
TFhe phuse objective is rotated into place.
The cyepicee 1s replaced with the phase ring
centening telescope.  The telescope is -
rosted  for sighting  The tocation of the
phase ring is abserved through the tefewcope.
Tt mav be adjucted by uwng the twu rotating
shalts provided with the phase condemer.
When the ring i contered it appears as a
bright annvtar sing mounted on top of @
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tary. The?oﬂmnﬂdc lustratod in Figure
2 is recommended. It outlines a large rec-
tangle that fis caslly within the field of
vision, The rectangle i divided into two
equal squares. The left square is furtber
divided into six rectangles. Each side of
cach squarc has # length equal to 100 L,
then the large rectangle is 200 L units Joap
and the small ones 50 L units long and 33%
L wuaits high. To the left of the left square
is » scale which divides the side into 20
equa! increments of 5 L units cach. The
right square is divided harizontally in think
corresponding to the small rectangies and
vertically into s series of increasing spaces
The distance between each vertica! hne and
the center of the targe rectangle correspondh
to the diamcter of a circle Corddes of sizee
1 through 9 are located atune and Ictow the
large rectangle  The dameter ot cuch emde

mmm,,.. AGHE e
MM‘—?M\ ARET AE a'wm,
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ks reloted in terms of L wnits of length in
accordance with the {ormula:

- D.L\/F
where D in the dlameter of the circle oc the
width of the speco and N & the nuamber of
e cirddc, or space. ¥

The unle L ks determincd by messurcment.
A stage mpicrometer fa the primary roler.
Any cas or more of the definitive lincar di-
momsions mey be measumeed. If the Jeagth

I of Us jarge rectangic s messwred then L

oquals §/200th of that vale.

- I the stage micrometer s marked in hun-
dtodths of willimeters the valuc of L is in
hundredths of millimeters. ¥ the left square
is weed a8 g counting arca, its arca is cqua!
[ 4

(100 x 0.0t L)2mm*
The filtering ares of 8 37-mm filter is 851 s
mm’ and thus

-

255
R = -—LT

if other arcas are vsed as counting ficlds
oc other sized filters arc wsed, the vatuc of
R must be cakulated for the individual con-
dition.

It is wise, to preparc & chart showing each
limear dimension and arca for ready reference
while counting.

Appesdix 111

Purmp Colibration

Pesonal sampling pumps should be cali-
beated for Nlowrate frequently. They may be
calibrated against a primary meter such as
a spirometer or against & previously calibrat-
od sccondary standard such as a wet gas
metcr or dey gas meter. The train should be
arrangcd so that the pump is operating
agsinst the xame resistance it would normally
operalc againet. and that the cahbrating
meter it ot atmospheric pressure. Figure 4
Hustrates  the recomniended  arrangement
Air flow through the fiiter miay he Tumted
by hoth restrtiog the o How to the pump
ws will as by admitting secondary air inlo
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Figure 4. Disgram of set-wp for catibration of
pump.

the pump. Most personal pumps are con-
structed with sdjustment valves that permit
both actions. Calibration should be repested
after each 24 to0 36 hours of pump we. It
the pump has not been used for a prolonged
peciod of time it should be recalibrated.
Temperatare and sttitude corrections should
be made.

Personal pling p Mould not be
used to such an extent lha! the batteries are
allowed to run down below norma!t uperating
voltage. Since battery life varies, it is wise
1o occasionatly check the life of the bauery
by atlowing the pump to run down to the
farst indicated change in voltage under hmcd
simulated conditions.

Seupplics
Filters und Friter Holders

Miltipore Corp.* Fictd Monitor filter hold-
crs preloaded with 37.mm Type AA fittens,
cither white plain (catalog # MAWPQO3I7A0)
or gridded (#MAWGO3TAQ) are recom-
mended These are sold with a guaranteed
avcrage particle background and can be used
without additiona! background checks.

1t is fess expensive to purchase unloaded
field monitors ( # MABGO3ITAO) to be
loaded with piain or gridded filters pur-

chased separatcly in packages of 100

{ £ AAWPO3700, and AAWGOIT00). The
fictld monitor can then be eloaded after
cach use  Mowever, it 1s necessary to care-
fully clean the empty monttor and to check
the background count on frlters 1n the re-
foaded monitor,

»
Type AA fifiers can be weed in any di-

._ hnctmr la any non-lesking opem-type filter
holdee, s long as propec adjmtment is made

in the cakculations for the change in flisering
sree, and periodic beckgrovad checks sre
made. ’

Membrane fliters of other types and mans-’
sfacturers cannot be recommanded at this
time, elther bacsuss they do mot become
optically dlear ja the mounting medium ov
becawse ol excessive particle background.

Personal Battery Powered Sompling Pumps
(1) Casella® MK 1 or MK "I Persona!
Sampler
(2) MSA‘ Monitairc Ssmpler, Mode! G.
(3) Bendix® VM 22 or Micromir Per.
sonal Sampler or C-115.

Microscopes: Phase Equipped .

(a) microscope budy with a fine focus
accuracy of 0.006 mm;

(b) 10X eyepicce:

(c) mechanica! stage;

(&) Muminator (preferably built in snd
having provisions for adjusting tight
intensity);

(c) 40X to 45X (065 N.A. at least)
positive (bright field) phase-contrast
objective;

{f) sonual ring condenser disphragm
{corresponding to the objective ) ; am!

{g) phase ring centering tclescope.

(Nore. Most manufacturers sell s basic

body unit and bantt-m illurmnation system as
2 unit. Phase-contrast accessories can us-
vally be purchased as a kit consisting of
10X, 40X and 90X phase objectives, »
phase condenser containing appropriatc an-
nular ring diaphragms, a phase ring conter-
ing telescope, and a green filter. I is to the
microscopist’s  advantage to purchose the
kit )

A list of manufucturers of phase-conteast

microscopes’ and reticles’ is given beow to
aid in sclecting a proper instrument.

* MHHpure Corp , Bedtued Mase 1710
S Wikt Products Do | P} Bon 62! Readong, Penns
WAL b Caseiie A Cin 110 Rewcme Shoowe Ry otsmmts



