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’ UNIFORM procedures must be used for sarpling and evaluating 

‘Detailed equipment and procedures used by National Institute 

. endorsement by the Public llnlt.h Service, the U.S. Department’ 
of Nealth, Education, and Welfsre, or the National Institute 

fhe United States Public Health Service through the National 
Institute for Occupational Safety and Health has established 
a sampling and evaluaticn procedure for determining airborne 
asbestos dust exposures. The sample is collected by drawing 
air through a membrane filter by reans of a battery powered 
vacuum pump. The filter is changed into a transparent homo- 
geneous plastic rount, and the fibers are sized and counted 
by phase contrast microscopy. This method was first used 
L5 the Aslstosis Research Council in Great Britain and 
2atss w2220 bg tho U.S. Public dealth Service for »slestns 
dust studies in the United,States. It is specified in the 
emsrgency asbestos standard as published in the Federal Ragistar 

on Decerber 7, 1971. ' ‘ : 

asdestos dust if reproducible results are to be ackieved. 

for Occupational Safety and Realth ere descrided herein. 
Nention of commercial concerns or products docs not constitute 

for Occupational Safcty and Health. 
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3. SIGNIFICANCE 

- ltacu. 

WUlRS 4 U I T 

.\ s o ] - " g 

This method describes the equipment and procedures for collecting, 
mounting, sizing and counting asbestos fibers on membrane filters 
4in the evaluation of airborne asbestos dust. 

The method has been successfully applied using 37 mn Millipore AA 
. £11ters and small battery operated perscnal sampling pumps at & 

flow rate of about 2 liters per minute for timo periods of about 
8-240 minutes at concentrations normally encountered in industrial 
byglene practice, e@.g.. in the vicinity of 5 fibers per milliliter 
greater than 5 n.lcrou:m in length. LlLarge deviations from these 
conditions nly result in filters with either too many £1bc:s to count 
or too few fibers for good aumeza. 

This mehod considers only fikers wvith an aspect rasio (longth 
o width) of 3 tu 1 or greater and a leagtn of 5 micrometers ar " 

SUXMARY OF METHOD 

m sarple is collected by drawing air through a mabum filter 
Dy means of a dattery powered personal sampling pump. The filter 
is transformed from an opaque solid membrane to a transparent, 
optically homogeneous gel, The fibers are sized and counted by 
phase~contrast microscopy. 

3.1 This method was first used by the Asbestosis Research Council 
dn Great Britain £ and later slightly modified by the U.S. 
n.buc Health Scrwice for asbestos dust studies in the Uniced 

2 It has deen specified as the method of test for tkhe 
federal standard for asbestos in industrial air (29 C.F.R. Sec. 

1910. 93a) 3 , the U.S. Public Health Service Criteria document 
©n occupational exposure to asbestos @ » and in .mpu.,,’ procaduccs 
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of the Occupationil Safety and Realth Adm!nhéue.lcn. Department 
of ravar. ¥ . 

4. DEPINITIONS 

4.1 Por definitions of torms used in this metkod, refer to ASTM 
* pefinitions D 1356, Terms Relating to Atmospheric Sampling and ; 

Analysis. - . | 

| 

8. .INTERFERENCES 

5.1 In some instances an 'ubutos environment may be contaminated with \ 
j _ other airborne fibrous materials. mn evaluating samples taken \ 
: N in this kind of environment it is suggested *hat all initial counts 

] D@ sade usiixg the 3:1 (lengih to diameter) viiteria. If coucentraticiis 
* d!z wiidin scceptiadle safe limits then no fusther cvaluatiun is 

necessary. ' ) LI 
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) On the other hand, if concentrations appear to Le high, and thore 
‘ 48 some doubt to whether the concentration reflects a total asbestos 

exposure, it will be necessary to examine the cmp}c by otler 

analytical methods. vnto::fliu:oly, there is no s’:npzc mehod for 
Sdentifing asbestos fibers. The most feasible and least tize 

' consuming methods would be microscopical dispersion staining and 
- ’olarizid .light. If a transpission c.loct?an mitroscope ‘is - 

. available this method of evaluation cain also be utilized. Unlike 
o : dispersion na.tzxng, the oloct?on microscope evaluation is more 

| orientated ,::;:}ibez identification and less ea;ard thc.‘%finity 
to achieve an -‘3""”"-&2&3&%&-—«»& fiber ratio. Keenan and 

| " tgnch (6), Crossman (7), and Julian and McCrone (8) have reportg 
- " 7 on the above procedures. ‘ 

. 

. . 

ohdalih el g0 a. —amia sl n ol ik 
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: 6. uwuums — 
"- 6.1 Sampling equipmont. Equipment is described in the Air Sampling 

‘ Instrument guide of the Acam (%) ' 
6.2.1. Personal umgurg purn. The Mine Safety Appliances Co.., pitesburgh, 

Pa.; National Environmental Instruments Co., Fall River, Massachusetts; 
-+ apd Willson Products pivision, Reading, P.nnlyzvan.il. products have 

Deen found satisfactory. 

6.1.2 Collecting filter and holder. This is provided by the Millipore 
S Corporation of Bedford Massachusetts as & unit consisting of a) 

three styrene ==ctions, with che designation Millipore Aerosol ' 
. Nonitor.case., b) & 37 millimeter diameter plain white ,conulo.u 

£ SR ester membrane filter designated Killipore AA ( 7 pérc size 
. 0.8 micrometer), c) a support pad, and d) pu:uc sealing caps. 

These ave available i boxes 3% 57 1s catalog pumbes MNP L3720, 
e - ( Bguivalent filters from other manufacturers ray be used. 

.
~

 

' 6.1.3 Rubber tubing, 6 millimeter bore (1/4 inch), about 90 centimeters 
ll'fcce) long. 

adanters for connectin tubing esd to field monitors. These are 
Metal 

available as catalog number LH/L from Bection, Dickinsen, and 
wm‘ of Rutherford, New Jersey. 

6.1.4 

6‘.1.5 Sprina clip to hold rubber tubing and field monitor in place on 
Japel or shirt. This can be improvised or ordered as catalog ' 
numbeys 1140 from the John F. Naguire Company, 120 Bacon Street, 
Pawtucket, Rhode Island’ 02860. 

. 

6.1.6 . rield o.ssorb:od ronitors. If a grbae number ;& samples is to 
DPe taken,it will be less expensive to reuse plastic cases. However, 
great care must be taken in the clcaning and reassembly Frocess. 
Nillipore filters and pads 100/box are available as catalog numders 
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. .. AAVP 03700; empty Aerosol Monitors as catalog number M 0003730, and 
. ‘ “shrink-fit" sealing bands from the Walter H. Jelly and Company, 
. 2822 Birch Street, Franklin Park, Illinois 60131, as white, opague, 

cellulose bands, 41 x 25, number 28. ' : 

6.2 Optical ezuipmans. For general guidance on microscopes, consult 
o ) Needham 10/ and Clark (a2, Phase contrast microscope and accessories. 

6.2.1 Nicroscope body with binocular head. o - 

. . 6.2.2 10X Huygenizn eyepiece (s). 
| : . 
\ 
| 6.2.3 [KXoehler illumination (preferably built in and having brovleom 
(4, , for adjusting light intensity)(see Fig.l) 

. ; = 6.2.; Porton reticle (sce Fig.2). . - 
% L . . 

< ) 
;o 

> (' ‘.2.; Mechanical stage. o £, : . 

6.2.6 Adbe, Zernike, or Heine phase-contrast condenser. 

- 6.2.7 40-45x (165 N.A. at least) positive phase-contrast objodtiv'c. 

6.2.8 Phase-ring centering telescope 

6.2.9 Green filter. 

6.2.10 Stage Micrometer, 0.1 and 0.01 millimeter divisions (see Fig. 4). 

NOTES: Most mnut"aceuuu secll-a basic body unit with a built-in f{l1luminaticn 
system. . Phase-contrast accessories can usually be purchased ac a kit consisting 

_ of a 10x , 40X, ard 90X cbjectives, a cordenser, a phase-ring centering telesccp: 
] and a green filter. It is to the microscopist's advantage to purchase the kit. a -Hcf of manufacturers of pPhase-contrast microscopes is given ‘Jb‘or:‘és Z'.'d in 8electing a proper instrument. ) 

f % ‘ 
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pilter Mounting Ecuiprent. Experience has shown that certain egquioment. 

A 4s useful for efficient umpla mounting. The following items are 
recommended for extracting and placing a portion of the filrer 
upon the slide.. ’ 

6.3.1 Scalpel or scissors: A scalpel or scissors is needed to remove 
+ a portion of the filter. ZEither a pair of microscissors or a 

) number-ten-curved-blado scalpel works best. 

. 6.3<2 Tweezers: A pair of fine-tipped tweezers is used to remove the 
) membrane filter slice from the field monitor and place 

4¢ upon the slide. . . 

- - 

6.3.3 sua... 2.5 by 7.5 cm “(one inch by three inches), glus slides 
m most commenly used. Sample number, dau. initials, etc. 
can bc conveniently <. ‘ttca on a frocted cn2 slicde. 

c
o

n
 

g
 

6.3. 4 Cover Slips: Cover slips are & hccuuty part or the slide 
mount and oyptical system. Tae shape should be appropriate 
for the size of the filter wedge. The thiciness used 1is 
‘dependent on the co::o;tion factor built into the objective. N 
Nearly every 4 mm ‘phase contrast objective is optically corrected 
for a #1% (0.17 millimeter) thickness cover slip. Improper 
cover glass thickness will detract from the final image quality. 

. ' A . 

.
 

—
~

—
 

. 
e

 

*, 6.3. 5 Lens rissve: To insure cleanliness, use a lint-free lens tissve. 
This tissue should be used also for wiping mounting tools and 
for cleaning slides and cover slips. 

p 
. 

- ‘_6.3. 6 Glass Rod: A lp;tllll or fire-polished glass rod is needed to 
.. . spread the mounting solution on the slide. 

£ 6.3. 7 Wheaton Balsam Bottle: This special glass container hos a 
| ’ glass top which hinders contamination of the solution. A 
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: ' .. 9lass rod is included for dlapon:lng the solution. This is 

available as catalog numder 32“ from the A:chur H. Thomas and Co., 

P.0. Box 77’. Philadelphia, Pcnnsylunia 19105. 

2« REAGENTS 

- 7.1 Dll-thg;l phthalate. 

: 7.2 Diethyl oxalate. These should be reagent g'rado.v free from iurticlu 
and color, conforming to the specifications of the Committee on 

' Analytical Reagents of the American Chemical Sxiaty, where such 

specifications are available. 

8. SAFETY PRECAUTIONS e
 

-
 

.
 

8.1 Avoid getting larce amounts of the mounting sclution an the skia. 

.
_
.
,
.
,
-
.
.
.
.
,
 

5
 

-.
‘ 

. 

-9+ SAMPLING 3 

9.1 General inforration. Refer to the Recommended Practice D 1357, for 
Planning the Sampling of the A:m}hon and Recommended Practice O 
2009, for Collection Ly Filtration #nd Determination of 'tlass, MNurmber, 

and Optical Sizing of Ztmdspheric Particulates. These guides are \ 

P - cited only for general principles, as they are intended primarily for | 
air pollution measurcments at fixed sampling stations. . ‘ 

¢ | 

—
—

—
 

9.2 Calibration. The personal sampling pump should be calibrated agoinst 
& bubble meter, wet test meter, spirometer, or similar device at 2.0 

diters per minute and fully charged prior to sampling. 
- 

.’.J'. Mourting the sarpicr. Fasten the sampling pump to the worker's belt 
and field monitor to the lapel or shirt front (as &n to the face 
#s is practical). Remove the cover of the plastic monitor making 

| ‘ certain the expssed filtor is facing dowmsard. Turn on.the pump. 
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. . pump and adjust to 2 liters per minute. 

" 9.4 Optimum sarpling times. uid.ci (12) has described the requirements 
for optimum sampling times for airborne asbestos fibers. A 
nomogram to aid calculation of these times is shown as Fig. 3. 
Note that for typical microscope field areas and pump flow rates 
that the optimum collection times are about 50 to 80 minuteSguridices. 

9.5 End of the sampling period. Remove the field wonitor, replace the 
the plastic top cover and the small end caps, and store the monitor 

) 'luzcx'-cL:j uz in a covered container. 1f an 8~hour average is being 
sought, a-ns:‘re:c new monitor irmediately. Always shut off the pumd 
when changing monitors to avoid contaminating the pump. 

9.6 Blanks. Wi€h each batch of samples subnit two filters which have 
Besa subjocted to e«actly the same Landiing as the samples except 
ehat no aicr has Lict grawn tirough tleul. Zubel tiwse &S blanks.‘ 

9.7 Shipring. The field monitors ia which the samplers are collected 
should b2 shipped in a rigid contalner with sufficient packing 

_material to prevent crushing. ’ ‘ 

10, CALIBRATION AND STAIDARDIZATION ' ’ * 

20.1 Port7on reticle. The asbestos fiber count procedure consists of 
comparing fiber length by comparison with calibrated circles, and 
counting all fibers greater than S micrometers in length within 
a given countiag field area. This is done with the use of a porten 
reticle (Figure 2). The Porton reticle is a glass plate inscribed 

with a series of cireles and rectangles. The square on the left, 
.. @ivided in to six rectangles, is defined as the couating field. 

10.2 Placorent in sueciece. The Porton reticle is easily placed inside 
a Huggenian-type cyepiece where it rests on the fiold-limiting 
diaphragn. A split ring is included with the reticle to aid 
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g . sounting when there is no aperture prcscnt. The reticle should 
[ .- “ De kept clean, since dirt on the reticle is in focus and will 
e complicate the counting and ‘sizing process. 

0.3 Stage micromster, The Pcrtgon reticle caanot be used for counting 
until it has been properly calibrated with a stage nicrometer. 

A stage micromster is a glass slide with a scale unit which can be 

*' seen only under a microscope. MNost stage micrometer scales are ‘ 
about two milllmoters long and are divided into units of one-hundreth ‘ 
of a miliimeter or ten micrometers (see Figure 4). Before calibration, 
the microscope must be set up according to the manufacturers directions. 

20.4 Microscone adjustment. The microscopist will find the followirg to 

.‘ bold true for most microscopes. The ;alamd dimage of the illuminator's 
- filament must be focused either on the condenser's fully closed 

s iris or at the back focal plane of the objective lens. It is important 

flnf th~ wust-s.‘:i.‘::-g clodsnt risg and annular du,hug:a be 
> ( concentric. Nest microscores have centering ccntrols wiich allow 

i ' manual correction if necessary. PMNext, close the Illuminator's 

field iris, and focus the condenser’'s image in the sample's focal 

* w0yt g - - R 

_ 20.5 Reticle calibration procedure. Fach cycplccc-objcct!n—réeich 
i combination on the microscope must be calibrated. Should any 

of the .t.‘;.tco be changed (disassembly, replacement, breakage) the 
. -e;l“blmtion must be re-calibrated. For proper calibration,, the 

2 following procedure should be closely followed. Sl LN 

: With the 10X objective in place, place the sugc; uxcx.:mt'c: on the 
-ehaniéal stage, !ocus: &ad ccater the image. Change to the 4 mm 

.. (40-45X) objective and adjust the first scale division to coircide 

with the left boundary of the Porton rectangle. C;:une the number 
e of divisions between the left and right doundaries of the long 

{ . dimonsion of the large rectangle, nez’mtibg any portica of tihe final 
i divigion (0.204 mm in Figuze 4). This measurement represeéasts 200 'L 

USPHS Membrane Filter Method for Evaluating Airborne Asbestos Fibers (Draft) (1973)
ACL Doc 25539 · Page 11 of 26

Published by AsbestosClaims.Law

asbestosclaims.law/library/25539/11

https://asbestosclaims.law/library/25539/11


v
 

) la.iu so one divides by 200 tc find "L". The large rectangle is 100 
~ 4 units long on the short dimension. This calculated »L* is inserted 

into the formula D = Lo/ “where "D is the circle number (indicated 
... on the reticle). Since the circle diamcters vary logarithmically, 

every other circle doubles in diameter. For example, number three ‘ 
4s twice the diameter of number one; number four is tw' e the diameter 
of number two. When the circle sizes have been determined,the counting 
field area consisting of the left six rectangles can be calculated 

: from the relation 10,000 2. This completes the reticle calibration 
~ ' for this specific objective - eyepiece - reticle combination.Table 2 
| e " shows a calibration card for three different objective lenses. . 

; 11. PROCEDURE 

| . 21.1 Mountisg. A very important part of the sample evaluation is the - 
B mounting process. m: prccess involves a special mounting medium 
‘:’ ( : of prescribed vizTos, ty. mhe proper viscosity is inporun in order 
A 1 to expedite flltcr clearing and minimize particle migraticn. once 

the sample has been mounted, an chpaed time of approximately 
fifteen minutes is necded beforc the ccrpzo is ready for evaluation. 

. 4o 
m 1. 2 Preparation of the Maunting_ Solution. Combine the dimethyl p:.':a'nu 

and diethyl oxalate in a one to one ratio by volu.-lo and pour lu:o a 
lhutan balsam bottle. Add 0.05 gram of clean filter material per 

' ' -uuuu: of solution to :nch the proscribed vicmxey. . The 
i . solution must be stirred or shaken until the filters have dissolved 

. and a homogencous mixture was formed. The normal shelf life of the 
sounting solution is about six months, after which t me fiber-shaped 
erystals may begin to.form. The crystallizing proc :ss may be retarded 
by kecping the solution in the Wheaton balsam bottle and in & cool 

- place. Tweaty milliliters of wounting solution will p:cparc 
approximately 300 samples. e 
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- 12.3 SCH;DXC rounting: Cleanliness is important! A clean working ~rea 
’ " " will help achieve better results. The following steps should be 

| L followed when mounting a sample. 

_ 21.3.1 Clean the slides and cover slips with Jens tissue. Lay the slide 
£ down with the frosted end up. It is a good practice to rest one 

- edge of the cover slip on the slide and the other edge on the 
| i ‘ " working surface. By doing this, you keep the bottom surfico 

. (the one which contacts the f£ilter) from becoming contaminated. 
11.3.2 Wipe all the mounting tools clean with Jens tissue and place them 

on a clean surface (i.e., lens tissue). When mounting a series 
! ’ of filters the scalpel or scissors should be wiped clean before 

cutting each sample. 

21.3.3 Using the glass rod which {s supplied with the Wheaton balsam 
] ( bottle, agpiyd e suwld ‘anount of sounting soluticn '(u:uu.iy less 

& than a drop) into the cehter of the slide. Do not ‘touch the 
slide with the red, this can contribuate to the contamination of 
the punetnq solution. It may be necessary to adjust the guantity 
of solution used. The correct amount will result in the solution 
extending onis slightly beyond the f£ilter boundary. £ the guantity 
is greater than this, adverse particle -tgnf‘sn wi'll occur. 

11.3.4 With the spatula or & supplemental glass rod, spread the mounting 
media into a triangular shape. The size of this triangle should 

‘ coincide with the dimension of the filter wedge. 

11.3.5 Separate the middle and bottom sections of the field monitor case 
: to expose the !ug.u; fgilter. Cut a triangu-3t wedge from the 

.. g41ter using the scalpel or microscissors. -f size of the wedge 
should approximate onc-eighth of the filter s:rface. 

11.3.6 Grasp the filter wedge with the twoezers in zhe area which was 
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21.3.7.. 

12.3.9 

Pisiard wwu u 

sandwiched by the monitor case sections. Do mot touch the filter 
vieh"yout fingers. Place the wedge, sample side up, upon the . 
mounting medium. .' 

pick up the cover slip with the tweezers filtor/media combination. 
Press lichtly on the cover until it makes contact with the now= 
dissolving filter. Once this contact has been made, do not repostion 

e —————— 

. ¢he cover slip. 
e ————— 

Label the slide with the sample number and current date defore 
proceeding to the next filter. ) 

The sample should become Cransfinrcnt after about fifteen minutes. 
If the filter appears cloudy, it may be necessary to again press 
very 1ightly on the cover s1ip. ' . 

piscard the sample mount aftér shree days ir 1%t k2S ase pesn countzd. 
Crystals which. appear similar to asbestos fibers may ‘begin to grow 
first at l=?unt$ng solution/air interfaces. They seldom present’ 
any prébzm if the slide is examined before three diys. An a;ly 
case, stay away from the filter's edges when counting and sfzing. 

Counting and sizing - a 

'r.tnd;tng and inspecting counting !icléc. Place the slide on the 
mechanical stage and position the center of the wedge qmdcr' the 
.djccuvo lens and focus upon the sample. Nearly an‘ o'f‘thc 
particulates (particles and gibers) will be found in the upper ten 
to fiftcen micromaoters of the filter surface. When counting 
and sizing, frequent”use of the fine focus control will help to 
fnsure that nothing is missed. Start counting from one end 

‘ of the wedge and progress in a straight line to the other end 
(count in either direction from circumference to wedge tip). TO 
determine the average fiver deposition ner field one must coult 
as many fields as nccessary to yleld 100 fibers. A minimem of 20 
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fields sust be counted and in general one would stop counting 
3 o . at 100 fields. Random fields are selected, without looking into the 
. eyepieces, by slightly advancing the slide with the mechanical 
T stage control. . o 3 

Li.S Achieving comzarable results 

311.5.1 Size only fibers with an aspect ratio (length to width) greater 
** ¢han or equal to 3:1. 1 ' 

21.5.2 Count only fibers greater than five micrometers in length. (Be 
as accurate as possible in sizing fibers near this length) . 

11.5.3 Count as many fields as reguired to yield at Jeast 100 fibers: 
generally & minimum of 20 and at most 100. 
- - 

i- 

Select the field of view witr;cut Jooking through the nic:qsco::'« 
eyepreces O climimtc'unco:.xsciously selected "heavy” .S "1ight” 

~ areas. ' : 

The fields are selected in a straight line :unniné; from :50 
outside perimeter and progressing toward the tip of the wedge. 

. 

- - 

(Sencrally) Do not count a filter with fields containing more 
than twenty fibers each. Such a f£ilter could pe reported as 
®¢oo heavily bfndod" and not as wgreater than X' gibers/ml." 

when an agglomerate (mass of material) covers & significant 
portion of the field of view (approx. 1/6 or greater) reject 
the field and select another. (Do not include it in the number 
of ‘lcld.l counted). However, roport the fact as it may have meaning 

..to sarmpling or medical personnel. i 

11.5.8 Count and uu' only free fibers -'duc i{s, fibers that are 
unattached. One must be able to see both c-nd: of the fiber 

| (rigs.15,16 and 17) . . 
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CALCULATIONS 

P (afc-parc) cea) 
‘e (A)(V) 

o . . 

AFC = Average fiber count in fibers/field. 

" BAFC = Average fiber count of blank (s) or control #ilters(s}, 
(It is subtracted to eliminate the error or backgrourd 

A ; contamination.) in fidbers/field. 

FA » 855 zm? for 37 mm diamster filter (the portion of the 
Mil2ipore filter which is exposed when mounted in the 

.f#ield ponitor case, i.e., the effective ftlec: cm). 

' A = The area of thc counting field of a ecubum nn:goa 
reticle expressed in mm?/field. 

- DRAFT GOPY 
- u;s.y c«mt any fiber greater than 5 micrometers in Imth 1f£: 

i l) it is entirely w.ieh.(n the eountinp field (Figs. 5,10, 14, 16, .nd 17) 
D) or if some prtion of thé, flbcr is inside the counting field and 

the fiber crosses one or both of the pre-selected adjacent sides. 

‘The Intent of this rule is to exclude potentially eligidle 
fibers that are either outside the field of view or that cross 

either of the remaining sides (even if the ‘fiber also crosses 
o one of the selected sides.) (Figs. 6,7,8,9,11,12, and 13). 

~12.J Calculation of airborne concentration. Asbestos fiber airborne - 
concentration may be calculated from the following formula: 

C = Airborne concentration in fibers/milliifter 

Vv = Total air volume collected through rueor csznnd ‘ 

- 
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13. PRECISION.AND ACCURACY 
. [ 

13.1 

> Co. DRARL GURT 

An accuracy a}'pmiuon atugfi of. the membrane filter counting 
procedure for asbestos has been conducted by Holland and Comvay 
¢13). Their study was an intralaboratory one involving six 
counters. Three of the counters were exporienced while the 
other three had only a short familiarization with the rules 

. for fider counting. The conclusions of the study included: 

13.1,1.. 

13.1.2 

13.1.3 

13.1.4 

observers it was concluded: 

The precision of the procadure for filters noe' containing an 
abundance of fl“ fibers can be n_tiuud by a standard deviation \ 
of 16.2%. This value includes va??htion among counters and observed 
interaction effects. ‘ ; 

The pécurcey of thke procedure for similar filters may be estimated 
for a 100-fiber count by a standard deviation of 21.4%. This 
assumes that the contribution of the overall variance .from the non- 
wilZorm £iber distsiletion 1s additive. 

The fiber .conccnenuon varies significantly betwesn angular tnctcn. 
on a given filter. Where approxirately 100 fibers are counted, the 
gtandard deviation of the fiber count distribution for the whole 
f£ilter appears to De represented by 1.6 (n}‘l, rather than {n)‘l 
which is a property of the Poisson distridbution. 

A high percentage of very fine fibers on the filter can significantly 
affect the standard deviations and confidence limits for counts 
by different counters. After combining variations in fiber 
concentrations over the entire filter with those for different 

1 3 ' 
a)For filters with a low concentration of 106 tivers, the 

‘' standard dev.ation is estimated at 21% and the 95% confidence 
dnterval @ + 4Is. 

d)For fibers wi-h a high concentration of :15 fibers, the standard 
daviation is estimited at 25% and the 95% coafidence interval is 
+ 50%. ’ 
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e Tl 

DRAFT GOPY 
Lynch, Kronoveter, and Leidel (14) have also reported on the 
precision of the masthod. Their intralaboratory study utilized the 
data from a large numder of -dust counts made by different methods by 
experienced counters cver a period of years in an epidemiologic 
study of the asbestos products industry. They concluded that the 
standard deviftion of counts of fibers longer than 5 micrometers 
on -ubnm”o filters could be estimated from tbo relation o = {n) " : 
Thus, for counu of about 100 fibers, the standard deviation could | 

bo estimsted at about 15.2% and the 95% confidence limits at ¢ 

30.4%. This agrees very well with the precision values reported 

by Holland and Conway. » ’ 
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r-— - Bausch and Lomb Olympus Miékdsconed b”" i 
’: ‘ Seicentiric Instrument Division Micro Optics Cor ‘san ~ 

g 72624 Bausch Strect 21865 Greenfleald ‘ < 
g " ’ lnchutcr, New York 14602 Southfield, ‘uch. “075 

.. ,Ihckorl Instruments ' American Optical Corporation 
. . Box 646 . . Reichert Products 

: West Caldwell, N.J. 07006 . l_u!hlo, N.Y. 14215 
£ : Unitron Instrucent Company 

E. t"‘“" Ine. Microscope Sales Division 
" _* Rockleigh, N.J. 07647 66 Hecdhanm Strect 

- : . Newton Highlands, Mass. 02161 
Nikon, Inc. . Catrl Zeiss 
Instrument Division ‘ 444 Fifth Avenue 

‘Garden City, N.¥Y. 11530 Mew York, N.Y. 10018 

Table 1 - Manufacturers of phase-contrast microscopes. 

B " . #1642 B & L DYNOPTIC 10X HUYGENIAN EYEPIECES o 

P - ok | _4ax | 97x 
£ 200L . Ou..c.cmm 0.'&-}5,'-;":'::0 . 0.CGLmm 
it : 100t 0,316 0.074 0.0325 | 

- wo. - 0.00316 0.00074 0.050232¢ 
Dinm Clr:lo 1 4.46p 1.052 - C.4épy - . = 

2 6.22u 1.48p 0.554 - 
- 3 3.92 2.10 092 
.4 12.64 . 206 | 132 
& 1784 ! . 420 L84 

. ‘4 |:2528 5.92 964 
. .7 | ssen 1 pan .63 

' g8 | 50.56 .34 5.23 
9.l 7uze [ 16.00 7.36 

] ‘10 101.12 23.63 10.56 
n 142.72 33.60 1472 
12 | 202.24 47.36 2112 

. 13 | 285.44 | 67.20 20.44 
Field Area 0.099Cmr- | 0.005 frara? 0.0010 41?2 

Table 2 -~ Porton reticle clibration card for 
threc eyepieces. 

. 

. " 

W RPNy T - Ty e —— it L___.___.__M 
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Figure 4 - Pbrtox; reticle ard stage micrometer. 
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