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FOREWORD

To determine concentrations of asbestos dust in air for comoarison with
established hygiene 1imits, a simole reproducible methed is required. A
gimnle and inexpensive samnling method uses disposable (recloadable if
desired) plastic membrane filter holders, pre-loaded with membrane filters,
These membrane filters may be rendered transnarent and the asbestos fibers
counted with g8 nhase-contrast microscone at 430X (or 400X). This method
has been used by the Asbestosis Research Council in Great Britain and the
U.S. Public Health Service in the United States of America., It is specified
in the nroposed change for asbestos in the 1968 Threshold Limit Values (TLV)
of the American Conference of Govcrumental Industrial Hygienists. .

Uniform procedures must be used for carrying out these counts is reproducible
results are to be achieved. Detailed equinment and vrocedures used by the
U.S. Public Health Service are described here.
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JRTRODUCTTON

For several years, a sct method for counting and sizing airborne
particulate matter, which has been deposited uvon membrene filters, has
becn uscd, The filters uscd in this technique are 37 mv diameter cellu-
lose ester memwbrane i lters menufacturcd by Millipore Corporation, (cat.
no, AAWPO3700). The slide mounting teclinique refers only to these filters,
and will not work for any others.

The filters may be curchased vremounted in cconvenient field monitor

cases, and are ready for samplinp., The filtrers are nearly 1007 efficient
for any ashestos dust, cven for fibers with diameters muech smaller than the
0.8 micron (n) vwore si:ze. awple wreparation for electron and optical
examination are both relatively simnle. Slide mounts of the filters are
semi-pernmanent,

The follcuing procecdures and recommzndations will produce accurate
results, if each step is performed esuctly cs indicated.,

FOQUTM LT LIST

. Table

2. Adjustehle chair

3. Phase centrast microscone

4, TRibbea Ffilmment illuminater or (built-in 3lluminator)
. Fyc picce reticle (Porton type)
. Lens tissue

7. Small camels hair brush

. Slides

. Cover slips

10. Spatula

11, Tweczers

12. Scalnel

13, Whezton Balsam bottle

o Ln N -

O m;m

LABORATORY SET-UP .

It is important to provide a suitzable counting area, for the room in which
the counting is to be done has a great beariny upon the niciroscopist., It
should he out of the way of normal traffic, and be kept 2s free from dust
and smoke as nossible., The tables on which the micrcscopes are nlace should
be as free from vibrations and shocks as possible. An adjustable chair will
do much to add to the comfort of the counter,
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PRELTMINARY MTCROSCOPE SFT UP

Before any dust sizinz or counting can be done, promer cquipment must be
at hand. This section describes the required cquipment.

The illuminator should be small and reaconakhly compact. Ribbon filament-
{]luminatowrs are generally much casier to use. The illuminator must in-
corporate a condensing lens, so that the enlarged image of the laumn fila-
ment wmay be fosused in the plauc of the substzage condenser dianhragn.

The j1lluminator must also have zn iris diaphrapn located as near as nossi-
ble to the condensing lens, The iris serves as a field diaphragm and is
foczused in the nlane of the specinen. :

The microsccoe used must have a substage condenser fitted with an iris
diaphragm. This iris serves as an ancriure diavhragm. The microscone
should have a calibratecd reticle inside the non-adjusteble cyenmicce,
The reticle should be small ensuprh thot 217 the counting ficld is in focus
GGf the flat field objective aund eveniecas are used, cssentially the en-
tire field will be in focus). The microscones must he equipped with phase
contrast accessories. Usiug vhese contracst, even objects with almost the
same refrarctive index £s the mounting media cazn be seen., Light waves
vhich travel through ruch a specimen are retarded by a fraction of z wveve-
length to nreduce a change in vhase, The vhree contyrast ootical system
reveals these phase changes as light or dark contrast egainst the buack-
ground, . .

*
This procedure was uritten by a user of Bausch and Lomb phase-equinned
microscones, so that microuscone set-up procedures corresnond with these,
However, any good microncone with phase contrast accessories will be
satisfactory.

For continual routine examination of filters, the bincrular tvpe microscope
is much more comfortzble. The usc of a2 first su:.ace uirror is reccmmended,
but not necessary.. Ry utlizing a second surface mirror, multinle images

of the jlluminator ficld fris are formed which will detract from the crisn-
ness of the final image.

As mentjioned previously, the microscone wmuct contain a reticle. Any reticle,
such as the Porton or Patterson Globe and Cirecle, which projects a constant
counting area pnd has nrovision for sizing, will work. The Porton reticle
which we use ocutlines 2 rectangle that fits ecasily within the nerirhery of
focus. The rectanglc is divided into two squares. The left square is
divided into six rectanples which constitutes the counting area. Above and
below the larpe rectangles are & scries of circles in which every other cire!
doubles in diameter. lence,the third is twice the diamecter of the first;
- the fourth 1s twice the size of the second, ete. The right half of the rec-
tangle contains a scale for extending the size above the number nine circle,
The formule D=I, V27 deseribes the circles sizes. The diameter D 15 found
Foo T ctiat e ke weade Al Taneth and W vhich renresents the number of the
“HEV BB
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length of the rectangle s 200 L units. By measuring the length and dividirng
by 200, "L" {s obtaincd and the circle sizes may be caleculated, Uhenever a
microscone js disastvembled or cleaned, the reticle calibration should be
checked. Another fact to take into comsideration is that changinpg the inter-
pupillary distance ef the binscular will change the calibration, so the
microsconist may want to check the calibrition at heth cxtremos of adjust-
ment. The counting arca on the reticle sheuld be kent as elean as possiblc
as dirt on the reticle is in feccus and may be countcd.

MTCROSCOPE SET UP_AND TEE PROITIURE FOR ORTATNING IOTTER ILLIMINATTON

By utiliziug ecuipmant that mzets the rcquirements just mentioncd, ary
counter may cchieve coumparsble counts after some practice. This section
will deal with sctting the microscone up z2nd obtaining kohler jlluminztion,
It is extremaly imnortant that every sten be folleowed exactly as indicated.

‘1. Place the microscere on a flat, level surfzce at a height such
that the cyepicees w7y be obs crvcd wvitheut strain ov dmgcon.O‘L.

2. Place 2 woderate Jdurt samonle unon the stanc,

3. Place the §1lumincier diveetly in front cf the micronecope. Sight
across fthe two and be sure thcoy are alignzad,  For coll filament
bulbs the flluminator Iris sheuld be two inches from the center of
the microscope mirrcr., For ribhon filamznt bulds, the front of
the £ilter holdor should be sevan inches frem the center of the
plane side Qf the mirror. Rover use the curved side,

4, PRemove all diffusing filters from the systom and insert a neutral
density fiiter and 2 clear Llus filter. Dlue or green colored fil-
ters may be used at the discretion of the microuscopist.

NOTE: Uthere the microscone includes a built~in illuminator to give Kohler .
iliumination, the above steos will not all be nccessary,

PEVIEW
A. Check microscope and illuminator aliprmment.

B. Check the distance betvecn the microscope and the jilluminator.

C. BDe sure that you are using the flat -side of the mirror.

D. Make sure that there are only two filtersin the system,

. 5. By means of the focusing knob on the side of the substage con-
denser assembly, raise it until the upper lens ncarly touches
the bottom of the slide. Remember that the free working distance
of the condenser is in the order of 1.2 mm and that the slide is

about 1 mm.thick. .
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6. Turn on the illuminator. Using the tilt controls, direcct the
bezm onto the center of the micrror. Then by ti]txng the mirror
direct the bezm uoward into the conﬁenser.

7. Close the substage iris comnpletely. Open the illuminator 1ris
a1l the way,

8. Ry wmeans of the focusing centrols on the side of the jliuminator,
fozus the jmage of the filanent on the bottem of the substage iris.
This may bc done by leaning over the microscope and observing the
substage iris in the microscope mirror., (On such models 7= the
Bausch & Lowb PR-27, there is a fine focus knodb a2t the rear of
the jlluminztor). 1In that case, move the condencing lens all the
way forward and trim the {ocus wuth the fine focus knabd,

9. Onen the substage irds about half way,

REVTER
-A. Check the cistance hetween the slide and condenser.

B. Be rure that the beam is striking the center of the mirrvor, and that it
is being def1ectru upward iuio the condenser.,

C. Plezse renmaeat sten 7.

D, Check sten 8, Tf the iwmape s not in fovus now, correct jt. Do not
continue until the filament is correctly focufed, .

¥, Please repeat sten 9,

10. TFut the 10X objective in nlzce and fozus eon the gammle. This is
done as follews: First, looking froa the side of the microscone,
lower the objective until jt gets very near to the slide. Then,
by looking through the eycnieces, foevs un, Never focus down with
coarse focus when looking throush evenieces,

A word of crution: The objective lenses are very expensive, so be careful not
to pgrind them throu&h the slide. Alwvays focus up., Now trim the focus with
fine focus knob, TFocus sharply on the sample. Secondly, close the field iris
fully. Tf the condeanscr is nearly iun focus, you chould st#e a bright snot of
light. By using the condenser focus knob, bring the field iris into sharn
focus, Now, both the field iris and the objective are in focus on the gamnle.
If there 2nnear to be multiple images of the field iriz, it is because of the -
second surface mirror. Some of the light waves are reflected from the first
surface, resulting in secondary imnges, i

11. Tf the dmage of the field dris is not centerced, re-center it
by tilting the mirror. 7T{ the color around the field jris is
not uniform, re-check the tilting of the illuminator.
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A. Check and be sure you are focused on the sample. 10X objectives have
a relativelv long focal lensth and it may be possible to focus on:
(a) the ton aof the cover slio, (b) the sample., (c) the bottom of the
filter. (d) the top of the slide. (e) the bottom of the slide.
(f) the ton of the condenser. So be sure of the focal nlane,

B. Be sure that the field iris is focused in the sample plane. Check this
often when examining samples. As the samnle focus changes, so does the
condenser focus.

C. Re-check the centering and tilt of the illuminator.

- DETATLFD INSTRUCTTONS FOR PRAISCE AND LOMB RINOCUTAR MTCROSCOPES

1. Lleave the microscone vhase ring on 0. Insert the telcscove that is
sunnlied with the kit into the right cyepiece tube. Focus on the dark
vhase ring., Onen and close the substanme iris to be sure that it is
centered in relation to the objective phase ring., If {t is not in the
center, loosen the set screw on the condenser mount and properly set -
the condanser, Then re-tighten the set screw, This should very selcom
_he necessary. Do not force anything and be careful and patient. Wnen
you are satisfied that the condenser is aligned, open it 211 the way.

2., Turn the nhase wheael to 10. This shows that the 10X phase ring is in
nlace. 1Look throuph the telescope zpain. Bv using the adjustment screw
on the side of thc condenser, move the ringe, until they arc nerfectly
concentric, When changing nhase rings, move them carefully, so as not
to knock the condenser out of alignment,

3. Turn to the 43X objective., Carefully turn the wheel to the 43 nhase
ring. Align the two rings in the samec manner as performed in step 2.

4, Remove the telescone and reolace the cyenfeces. Again, check the conden-
ser focus. You are notr ready to cxamine the sample at 430X, assuming
that vou are using 10X eyevijeces.

FILTER MOUNTTING

Set.un Prior to Mounting ) .

Have available at hand a quality scalpel and a sunply of No, 10 curved blades, °
a pair of tweezers (fine ovoninted are nreferred), a snmatula or fire nolished
glass rod and a box of lens tissue., Slides (1" x 3" or 25 x 75 mm) with
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the date, samnle number, etc, It is advisable to use quality number 1-1/2"
cover slins. Most dry objcctives are corrected for this thickness cover
glass., The mounting mediz should be kept in a Wieaton Balsam bottle. The
edge around the 1id should be coated with stopcock grease to keep out the
surrounding a‘r.

The mounting solution may now be nrepared., A one to one solution by velume
of dimethyl phthalate and diethyl oxalate 3is poured into the balsam hottle.
Then add 0,05 przm of f£ilter material for each milliliter of solution. The
added filters increase the viscosity of tha solution. DBefore using the
soJution, all of the filter material must b2 dissolved and the soluticn must
be of uniform consistency. This may require a day or so with frequent stir-
ring. Refrigeration may add to the shelf life of the solutienm.

Mounting Procedure

Keep in mind that cleanliness is important. First, lay down two pieces of
lens tissue; one directly in front of you and the other to the left or right
for the mounting toolis. UWNext, wipe the scalpzal, tweerzers and glass rod or
svatula with the frosted end toward you. FEven precleaned slides must bhe
cleaned this wav., lold & cover slin by the cdres between the index finger
and the thumb, and clean it in the sgsme manner as the slide,

Place the cover slip so that one édpc rests on the unfrosted end of the
slide and the other edge rests on the lens tiscuc. Be surc that the lewer
surface does nct ceome into contact with the lens tissue..

Using the glass rod, or dropper, dispense a small drop of the mounting media
onto the center of the slide. Replzce the rod or dropper into the solution
bottle and cover it, Using the smatula, spread the solution into a triengular
.shape., While the fluid is spreading, cut a wedge of corresponding size from
the filter. DPlace it uncn the mounting media, sample side up. Pick up the
cover slip and nlace it on top of the filter., Press lizhtly on the cover

slip to be sure the mounting media has made contact with it, Label the slide
before completing any other slide. Sometime, after an hour or so, the filter
may not have cleared. Usually, thiz can be cured by pressing lightly on the
cover slip with a pencil eraser that has been wrapped with lens tissue. 1If
the filter has been used to filter liquids or is damp, it will require drying,
for it will not clear unless completely dry.

Use only enough solution to clear the filter. If too much solution is used
the sample may spread and give an erroneous count per unit area. The filter
should be counted as soon as possible because the solution may eventually
form crystals that look like fibers and may be mistaken for part of the
sample. )
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After a little practice and expericence, several samples may be mounted at
the same time with excellent results. .

Remembher to keen the arca in which mounting is done as clean as possible
to prevent contamination of the filter.

MICROSCOPE PRECAUTINNS AND MATKTENAXCE

Quality lens tissue is a must. The micrscopist should use it for any kind
of lens cleaning., 7Tt should be as lint freec as possible., It may be wravped
around the blunt end of a small camels hair brush end used to clean the eve-
nieces. Never wine the inside of the microscope body. Tf {t is necessary
to remove dirt from the inside of the tubes, blow it out with an asnirator
bulb, Vhenever you arc using immerisicn oil, be sure that you wive all
surfaces that wvere in contact with the oil.

Cenerally, solvents should not be used vwhen clezning lenses., Aleohal, like
most solvents will dissolve the lens mounting cement, which may ruin the
lens system. Xylene should be used sparingly to remove immersion oil.

Use a camels hair brush to clean first-surfezce mirrors and non-critical lens
surfacces, Never vioe Ffirst-surface mirrors with lens tissuec.

Avoid touching =z lens surfzace with finpers a2s the finger prints has a ten-
dency to eteh into the lens surface,

COUNTTRS PROCTIDIRFE

Place the szrinle on the stepe and focus on it. Since the samnle is retained
in the ton ten fifteen microns of the filter, be sure thet you are focusecd
in the proner nlane. The reticle in the Ioft eycuiece is used to define
the counting area, The reticle should be calibrated prior to being used,.
The total fiber count (a fiber is5 anything three times as long as it is
wide) should be at least 100 fJbérs, or twenty fields, wnichever is less,
Tt is advisable to make as large a count aspracticalto get en accurate
average, If a fiber corssed the limits of the counting field, only those
crossira ejther or both of twe adjacent sides are counted, For exanple, a
fiber crosing the top or right, or pescibly hoth sides would be counted.
The sides chosen are at the discretion of the counter, but any ccunter must
always use the same sides. The fibers counted 2re estimated as to length,
using the circles at the top of the reticle. Our przctice has beéen to
record all fibers seen, all fibers loager than five micrc:.. and all fibers
longer than 10 microns. However, for comparison with the ACGIK TLV (1968),
only the lonper than 5u fibers need he counted,.
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FTFLD MOITTOR DISCUSSTON

Membrane fi{lters may be purchased nre-loaded in plastic holders (Acroso!
Analysis Monitors). The Monitors consist of three sections. The filter
is held betweer the middle and hottom sections., Between the membranc
filter and the bottom section 1ies 2 sunnort pad. The calibrated numn,
designed to drawv a knowr and constant sumoly of air, is alwavs connected
to the bottom of the field monitor case, Waen many loaded casns ~re
taken jnto one particular area for samnling, a blank or rontrel filter
(meaning a loaded field monitor case) should be taken sut to the area,
brought back unused and counted. This will determine what depree of
general contamination is nresent cn the filters. Ve have found that
banding the field monitor cases with cellulose bands greatly reduces the
general contaminatien of the filters. The bands may be purchased from
Walter H. Jelly and Comnanv, Tnc. They are vhite, onaque, size 41 x 25
and come nacked in solution £-]32., Unon removal from ths solution, the
bands are slinned around the middle and bottoa joints, or around all
joints, denending unon vhethar. the samnle is going to be drawn throuch
‘the ton saction nlug hole, or the entirec ton scction remnved for “onen"
sarnling, The latter nrocedure is recomrmended for asbestos cdust rampling
since it results in a more even samnle distribution over the entirc ex-
nosed Filter surface.

Convenient nersonal! samnling pnuans, such as those distributed by Mine

fafety Annliances Comnany, Willson Products Division or Union Tndustrial

are excellent for short term, low rate (around 2 lrm) samplinp. A )
sarnnling numn je connected to a 3 foot lenpgth of non-collznsatle, ane
quarter inch, rubber tubing with a male Leur slin adanter (stock number LU/L,
available from Recton, Dickson and Comnany) inserted into the other end,
This enzbles one to connect the hose directly to the case by simnly insert-
ing the adanter into the olug hole at the bottom of the case,

Field monftor cases may easily be re-used. The plurs and all sections

are senarated and nlaced in warm detergent water. The parts should be
scrubbed thoroughly and rinsed in tao water, However, if the filters

are to recejve any chemical analysis, the cases should also be rinsed

in distilled water, The cases should be allowed to dry in a clean area

(a2 clean room is vreferable), to reduce contamination. The clean area is
equally important when loading the filters {nto the cases.‘ The filter pad
(the thicker, fibrous disc) is placed in the bottom section. The filter

is nlaced dirertly on the nad, The middle and ton sections are added, the
case is nressad tightly together, and the ton plug is inserted. Renlacement
of the bottom nlum is not necessary. A cellulose band is then nlace around
the case and after the band dries, the unit is ready for samnlinp. Sample
code numbers, etc. may be written on the band or umon the filter case,
first making sure the markings can be removed when 2nd if it §s necessary.

Additional information concerning filters and field monitors may be obtained
from Millinore Cornoration.
) CHEV BB
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CALCULATTON OF CONCENTRATTON

tThen a samnle is taken, pertinent information about the sample should be
recorded at the samnling site. First, the samnle number should he written
on the field monitor case and the samnle ticket. Next, enter a descriotion
of his omeration in the anvrooriate snace, If the sample is a pencral aijr
csample and dees not vertain to any narticular emnloyec, write "gencral air
samnle" in the emnlovee's name snmace. Tniormation about the arca may be
written in the "description of oreration'” smzce. If you have several numns
which are identical in aovearance, but have different flow rates, it would
he a good idea to assian them instrument numbers. This enables you to keen
accurate records of mainteanance and calibratinn, UWhen instrument numhers
are kent 1t is not nccessary to enter the {low rate at the sampling site.
Jt may he entered later from the record cards. Otherwise, enter the flow
rate at fthe samnling site. ¥Whon a number of £jlters are taken into a
reneral area 8 control (or blank) is taken along. This should be assipned
a number and entered in the blank number snzce. Do not assign blank fil-
ters dunlicate numbers. '

Vhen the samnlinz numo §s turaed en, enter the time in the "time on" sopace.
While the samnle §s being taken nake notes of controlc, i.e. exhaust honds,
fans, windor ventilation, etec. These notes should be entered in the
“descrintion of controls'. The rampic should then sign his name or injtials
at the bottom of the sheet,.

After sufficient time has nassed, t he samnlinp instrument should he turned
eff and the time recorded in the "time of" space. The difference hetween
Ytime on" and "time off" should be exnresced in minutes and should he en-
tered in the "total time" space, The "total air volumz" may be found by
multipiving the flow rate (cxpressed liters ner minute) by the total time

and recorded in the aonronriate snace,

After the sample has been taken, brought back into the lab and mounted, the
counting nrocedure is next.

The microscope must be pronerly set un. Place the slide to be counted on
the mechanical stame, Focus on the samnle a short distance away from the

. edge. ‘Never count close to the edpes of the filter because the filter will
soread a little and lower the count. Now, enter the date, sample number,
blank number and field area on the count shecet. The. counter should initial
the form in the "“initial" space. The sized fibers are entered from right

to left scross the form, first ecutering the >10p fibers, then the >5u fibers
and finally, all fibers seen, cziled the total., After 100 fibers or 20
fields are counted and recorded, all of the vertical columns are added up

and the totals are entered under their corresponding columns., Divide the
totals at the bottom by the number of fields cnunted to determine the average
number of fibers per size range per field. By using information on these

two sheets the concentration in fibers per cubjc milliliter may be calculated
and entered in the "con." space on the count sheet,
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Concentration = (Av. Fiber Cnt.) (filter area)
(field area) (Sample wvolume) (1000)

Av, Fiber Count: Average fiber count ner size range

Fi{lter area: 855 mm2 for 37 mm dia. membrane filters
Counting area: Reticle calibrated in mm?

famnle volume: total time x flow rate, express in liters
1000 : Converts liter to milliliters

Tf blanks are used, subtract the avcfage blank cout of thec same size
range “rom the average fiber count,
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EDDRESSFES

* Millipore Ficld Monitor Cases (complete)
Cat., No. MAWT 037A0

Millipore £{lter (¥W. Pads)
Cat. No. AAWPO3700

Millivore Filter Corporation

Bedford, Massachusetts 67130

Porton Reticle
Cat. No, 30084

Patterson Glche & Cirele Reticle
Cat. No, 30083

Fdrmund Scieutifie Co,

701 Edscorp Luilding

Barrington, Wew Jersey 05007

vieaton Balaam Dottle
Cat. No, 2244
Arthur H, Thouzs Company
Poct Office Box 779
Philadelphiu, Pennsyivauia 19105

Adanters, hose end for 1/4" tubing ‘to male leur slip
Cat. Yo, 'LK/L

Becton, Dickinsen znd Company

Rutherford, Kew Jersey

White, ovzque, cellulose bands, 41 x 25
No. 28

Walter N, Jetiy & Co., Inc.

2822 Birch Street

Franklin Park, T1linois.60131:

Personal Saznnler Mﬁ. 17
Willson Products Division.
Reading, Pennsylvania

Monitaire Sanmler .
Mine Safety Anpliances Co.
Pittsburgh, Pennsylvania

Unfco Telematic Model C-110
Unico Enviroumental Industries, Inc.
Fall River, Magsachusetts
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