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FORTWIRD

To deter=ine concentraticors of ashbestos dusz in air for comoarison wize
establisred hvziene 'imizs, 2 sirole resroducible mezhod s required. A
simote and {nexvensiv2 sa-aling method uses diswosable (relozdable < ¢
desired) olastic membrans filter holders, ore-lcaded with membrare filcers,
These membrane filters mav be rendered transocarent and the asbestos fitecs
counted with 2 nhase-ccntrast microscooe at 430X (or 400X). This methed

has been used bv the Asbescosis Research Council ir Creat Britain and the
U.S. Public Health Sfervice in the Urited States of America, It {s spec:ii:ied
in the pronosed change for asbestos in the 1968 Threshold Limit Values (TiV
of the American Conference of Governmental Industrial Hyglenists.

Uniform orocecdures must be used for carrying out these counts js reproducible
results are to be echieved, Dezajled equinment and vrocedures used bv the
U.S. Public Health Service are described here.
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INTROTLCTTON

For severa! vears, a set mathod for counting end siziag afrborne
particulate master, which has been devosited uvon membrane filters, has
been used. The filters used in this technique are 37 mm diameter cellu-
lose ester membrane & lters manufactured by Milliocre Corporation, (cac.
80, AAWP03700). The slide mounting technique refers only to these filters,
and will not work for any others.

The £ilters may be surchased sremounted in convenient field monitor

cases, and are ready for samoling. The f{lters are nearly 1007 efficien:
for any asbestos dust, even for fibers with diameters much smaller thar the
0.8 micron (n) vore size. Samole nrevaration for electron and ootical
examination are both relazively simole. Slide mounts of the filters are
semi-permanent,

The following procedures ard reccrmendations will produce accurate
results, §f each scep s performed exactly as indicated.

FQUIPMTNT L7ST

1. Table

2, Adjustable chafr

3. Phase contrast microscose

4., Ribbon fi{lament {lluminater or (built-in {lluminator)
S. %Ttye viece reticle (Porton cyve)
6. lens tissue

7. Small camels hair brush

8. Slides

9. Cover slios

10. Spatula

11, Tweezers

12. Scalsel

13, Wheston %alsam bottle

LABORATORY SET-TUP

Tt {s {movortant to vrovide 2 suitable counting srea, for the room in which
the counting s to be done has 2 great bearing uson the microscopist. It
should be out of the wvay of normal traffic, and be kept as free from dust
sud smoke as vossible. The tables on which the microscoves are place should
be &8s free from wibrat{ons and shocks as vossible. An adjustable chair will
do much to add to the comfort of che counter.
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PRETIMTNLRV MTLOASCADT 7T b

BefoTe any dust s{zing or counting can be done, prover equioment mus: be
at hand, Thts secticn descrihes the required egufoment,

The i{lluminator shou'd be small and reasonabdly comoact. Ribbon filamen:
{lluminators are generally much easier to use. The illuminator must in-
corsorate a condensing lens, so that the enlarged image of the lamp £:ila-
ment may be focused ‘a the plane of the substage condenser disohragm.

The flluminator must also have an irfs d‘achragm located as near as ncss:i-
ble to the cofidensing lens. The iris serves as a field dischragm and is
focused in the nlane of the svecimen.

The microscope used must have & substige condenser fitted with an iris
diachragm. Tais fris serves s an averture diachragm. The microscooe
should have a calibrated reticle inside the non-adiustable eyeniece.

The reticle should be small enough that all the counting field i{s in focus
(1f the flat field objective and evedieces are used, essenciaily the en-
tire field will be {n focus), The microsco-es must be equioned with ohase
conirast accessories. Using phase contrast, even obiects with almost the
same refractive index as the mcunting media can be seen. Light waves
which travel through such a specimen are retarded bv g fraction of a wave-
length to vroduce a change in phase. The phase contrast ootical syscze~
reveals these phase chznges as light or dark contrast against the back-
ground,

This orocedure was written bv 2 user of Bausch and Lomb shase-equioned
microsconres, so that microscooe set-up orocedures corresnend with these.
However, any good microscooe with phase contrast accessories will be
satisfactory.

For continual routine examinazion of filters, the binocular 2vee microszzooe
is much more comfowcable. The use of a first surface mirror {s recommended,
but not necessatv.. Ry utlizing 2 second surface mirror, multinle images

ef the {lluminator fileld ir‘s are formed which will detract frem the criso-
ness of the final {mage.

As mentinned previously, the microscove must contain 2 reticle. Any veticle,
such as the Porton or Patterson Globe and Circle, which projects a constant
counting area and has orovision for si{zirg, will work. The Porton reticle
vhich we use out'i{rmes 3 rectangle that f{ts easily within the nerinhery c¢
focus. The rectangle i{s divided into two squares. The left square is
divided into six rectangles which constitutes the counting area. Above anc
below the large rectangles are a series of circles in which every other cizc!l
doubles ‘n diameter. Hence,che third i{s twice the diameter of the firse;

the fourth I3 twice the size of the second, etc. The right half of :hg Tec-
tangle contains a sczle for extending the size above the number nine cirzle,
The formu'e Dsl V2V describes the cirsles sizes. The diameter D is f:%::
from L which is the unit o7 lenzth, and ¥ wihich Teoresents the number ol Ite
circle., L is determined by calibration with a stage micrometer. The eniire
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length of the reczangle {s 202 L units. By measurinz the length and dividing

by 200, "L" {s obrained and the circle sizes may be calculated. Ihenever a

microscove is disasserbled or cleaned, the reticle calidration should be

checked. Another fact to take {nto consideration {s that changing the :inzer- -
ouoi{llary distance of the binocular wi{ll chanze the calibration, so tre

microsconist may want to check the calibration at both extremes of adiust-

ment. The counting area on the reticle should be keot as clean as mossible,

as dirt on the reticle is {n focus and may be counted,

MICROSCO®F SIT UP AVD THE PROCIDUNE 7O O3TATVING KOWLIR TLTUMIVATION

- o-—s

By utilizing equisment that meets the requirements just mentioned, any
counter may achfeve comparable counts after some oractice., This secticn
vill deal with setting the microscooe us and obtaining <ohler {lluminaticrn.

Tt is extremely imnortant that every steo be followed exactly as indicaced.

1, Place the microscove on a flat, level surface at a height such
that the eveniezes mav be observe?d vithout strain cr discomfore. -

2. Place a moderate dust samole uven the stage.

3. Place the {lluminacor directly {n front of the microscope. Sigh:
across the two and be sure they arz aliznad., TFor coil filames
bulbs the {lluminater {ris should be tvo inches frem the cente
the mfcroscope mirrer. Tor ribbom filament bulbs, the fran: cf
the filter holder should be seven inches from the cenzer of the
vlane side of the mirror. lNever use the curved side.

4., Remove all diffusing filters from the system and inserz a reu:r
density fi{lcer and a clear bSlue filter., Blue or green colcre:
ters may be used at the discretion of the microscopist.

"t oae

th M
s e

ROTE: Where the microscsne {ncludes a dullz-ia {lluminator to give ¥Xohler
{llumination, the adove stess will not all be necessary.

REVIEW

A, Check microscooe and {lluminatcr alignment,
8, Check the distance between the microscove and the i{lluminator.
C. Be sure that you are using the flaz s{de of the mirrer.
D. Make sure that there are only two filtersin the systex.
S. By ietna of the focusing lmob on the side of the substage con-
denser assembly, raise it until the uvver lens nearly touches
the bottom of the slide. Remember that the free working distancs -

of the condenser is in the order of 1.2 =m and that the s.ice s
aboutz 1 mm thick,
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6. Turn on the {lluminetor. Using the tilt controls, direc: the
beam onto the center ¢f the micrror. Then by tilting the =mirror
direct the bez~ uoward into the condenser.

7. Close the suhstage {ri{s complezcly. Open the $1luminator irie
al]l the way,

8. By means of the focusing controls on t he side of the illuminasor,
focus the imags of the filament on the bottom of the subscage ir-s,.
This may be done by lesning over the microscove and observing the
substage iris in the microscone mirrer, (Cn such modele rec the
Bausch & Louzb PR-27, there is a fine focus knob at the rear of
the {lluminator). 1In that case, move the condensing lens all c:e
vey forward and trim the focus w{th the fine focus knob,

9. Onen the sudbsctage i{ri{s about half way.

RYTETW .
A. Check the distance between the slide and condenser.

B, Be sure that the bezm {s striking the center of the mirror, and that it
is being deflected uowvard into the condenser.

C. Please reneat sten 7,
D, Check ste» 8. Tf the {mage {s not i{n focus now, correc: it, Do re:
continue unti? the filament {3 corvectly focused,

~

T, Please reveat sten 9.

10. Put the 10X objective in place and focus on the sa=vle. “his is
done as follows: TFirst, looking from the side of the mjcroscone,
lower the oblective until it gess very near to the slide. Then,
by lJooking through the eyesieces, fo¢ns un. Never focus down with
coarse focus when looking through eyevieces.

A word of caution: The obiective lenses are very exveasive, so be careful ro:
to grind them through the slide, Always focus up. Now trim the focus with
fine focus knoh, Tocus sharoly on the samnle. Secondly, close the fiel:z “r:is
fully, Tf the conderser {s nearly in focus, you should ses & bright snct oF
light. By using the condenser focus kneb, bring the field {ris Iaco shars
focus, New, both the field {ris and the obfective gre in focus on the sa—-~le,
If there 2svear to be multivle images of the field iris, {t 's because of the
second surface mirror. Some of the light waves are reflected from the firs:

surface, resulting in secondary {mages.

11. If the {mage of the field 1iris {s not centered, re-center i;
by t{lting the mirvor., 1f the color arcund the field ir's Iis
not wmiform, re-check the tilting of the {lluminator.
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A, Check znd he sure vou are focused on *he samole. 10X obiectives have
a relativelv Tong €oca’ length and ¢ mav be noss ble to focus on:
(a) the ton of the cover slio. (b) the samole. (c) the bottom of the
filrer., (d) the too »7 the slide. (e) the bottom of the slide.
(f) rhe too of the condenser. So be sure of the focal olane.

B, Be sure that the field iris 1s focused in the sample plane. Check th's
often wvhen exzmining samoles. As the samole fccus changes, so does the
condenser focus.

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

1. Lesave the microscove ohase ring on 0., Insert the telescooe that is
suonlied with the kit Into the rfght eyeoiece tube. Focus on the darx
phase ring, Onen and close the substage iris to be sure that {:z is
centered {n relacion to the chbiective nhase ving, If it i{s not {n the
center, loosen the set screw on the condenser mount and oroperly set
the condenser, Then re-tighten the ser screw. This should very selcen -
be necessarv. Do not force anything and bde careful and parienz., ‘hen
you are satisfied that the condenser (s sligned, oven it al! the wav,

2. Turn the nhase wheel to 10. This shous that the 10X chase ring is in
olace, Look through the telescooe sagain., 3v using the adjustment screw
on the side of the condenser, move the rings, unti! they are nerfec:lv
concentric, When chanzing ohase rings, move them carefully, so as not
to knock the condenser out of slignment.

3, Turn to the 43X ohlective. Carefully turn the wheel to the 42 ohase

ring. Al{gn the two rings in the same manner as performed in ste> .

4, Remove the telescove and revlace the eyenieces. Again, check the corden-
ser focus, You are row ready to examine the samole at 430X, assuming
that vou are using 10X eyenieces.

FILTTR MOCWTITNG

Set up Prior to Mounting

Have avaflable at hand & quality scaloel and a suooly of No. 10 curved blades,
2 pair of tveezers (fine sointed are oreferred), a snatula or fire nolished
glass rod and a box of Tens tissue., Slides (1" x 3" or 25 x 75 om) with
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the date, samnie number, etc. It {s advisable to use quality nunber 1-1/2"
cover slins, Most dry objectives are corrected for this thickness caver
glass. The mounting media should be kest in g Wreaton Balsam boctle. The
edge around the lfd shouid be coated with stovcock grease to keep out the
surrounding a‘r.

The mounting soluticn may nocw be orecared. A one to one solution by volume
of dimethy! phthalate and diethvl oxalate {s poured into the balcam Sottle.
Then add 0,05 gram of filter material for each milliliter of solution. The
added filters increase the viscos{ty of the solution. Before using the
solution, all of the filter materfal must be dissolved and the solutier ~us*
be of uni{form consistency. This may require a day or $o with frequent stir-
ring. Refrigeration may acdd to the shelf life of the solutien.

Mounting Prpcedi ve

Reen in mind that cleanliness (s important. TFirst, lay down tws sieces of
lens tissua; one directly in front of you and the other to the left or right
for the mounting tools. Next, wise the scaloel, tweezers and glass rod or
scatula with the frosted end toward vou. GEven nrecleaned slides must be
cleaned this wav. Hold a cover slip by the edges between the index finger
and the thumb, and clean t in the same manner as the slide.

Place the cover slip so that one edge rests on the unfrosted end of the
slide and the cther edge rests on the lens tissue., 3e sure that the .over
surface does not come into contact with the lens tissue.

Using the plass rod, or drcooer, disvense a small drop of the mounting media
onto the center of the slide. Replace the rod or dropoer into the solutisn
bottle and cover {t. Using the svazuls, soread the solution into a triangular
shape. Unile the fluid is spreading, cut a wedge of corressonding size from
the fiiter. Place {t upon the mounting media, sample side up. Pick us the
cover slipo and nlace it on tov of the fi{lter. Press lightly on the cover
slip to be sure the mounting media has made contact with i{t. Llabel the slide
before comleting any other slide. Sometime, after aa hour or sco, the filter
say not have cleared. Usually, this can be cured by oressing lightly on the
cover sliov with & vencil eraser that has been wranped with lens tissuye. 1IZ
the filter has been used to filter 1iquids or is damp, it will require drying,
for {t will not clear unless completely dry.

Use only encugh solution to clear the filzer. 1If too much solution {s used
the samole may spread and give an erroneocus 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
sammole,
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After a !{ttle oractice and exdericnce, several sa=oles may be mounced at
the samec time with excellent resuilts.

Remember to keen the 2rea ‘n which mounting {s done as clean as possible
to prevent contamination of the filter,

MICROSCO®E PRECAT™IONS AN MATYTIVANCE

Quality lens tissue is & must. The micrscopist should use it for any kind
of lens cleaning. 7Tt should be as 1/nt free as possible. It may be wrazoed
around the blunt end of & small camels ha{r brush and used to clean the eve-
nfeces. Never wine the ins‘de of the microscope body., Tf (¢t {s necessarw
to remove dirt from the {nside of the tubes, blow {t out with an asniracar
bulb. Vhenever you are using immerision of{l, Be sure that you wive al®
surfaces thar vere in contact with the ofl.

Generally, solvents ehould nct be used when cleaning lenses. Alecohol, 1ike
most solvents will dissolve the lems mounting cement, which may ruin the
lens system. Xylena should be used snmaringly to remove immersion oil.

Use a camels hair brush to clean first-surface mirrors and mon-crit<cal lens
surfaces. Never wive firstesurface mirrores with lens tissue.

Avoid touching a lens surface with fingers as the finger prints has a ten-
dency to etch Into the lens surface.

COUNTTNG PROCT2I™F

Place the samnle on the stage and focus on {t. Since the sammle is resg:ne? -
in the ton ten fifteen microns of the £ilter, bde sure that you are focuses
i{n the orooer nlane. The reticle in the left eyesiece {s used to define
the counting ares. The recicle should be ca’ibrated osrior ts being used.
The total fiber count (a fiber is anvthing three times as long as it is
wvide) should be at least 100 fibers, or twenty fields, whichever {s less.
Tt (s advisable to make as large a count as Practicel to get an sccurate
average. If g fiber corssed the limits of the counting field, only those
crossing either or both of two adfacent sides are counted. Tor example, 2
fiber crosing the too or right, or possibly both sides would be counted,
The gides chosen are at the discretion of the counter, but anv counter wust
alvays use the same sides. The fibers counted are estimated as 2o lengch,
usfng the cfrcles at the oo of the reticle. Our sractice has been tc
vecord all fibers seen, all fibers longer than five microns and all &%ecs
longer than 10 microns, Fowever, for comoariscn with the ACGIH TLV (196%),
only the longer than Su fibers need bde counted,
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Membrare filters may be purchased ~re-Toaded im nlastic holders (Aeros3’
Analysts Vonmitors), The “emitors emnsist of three sezrions, The fi'rer
is held betwveer the middle and hottom seztions. 3ezween the membra-e
filter and the bottom section lies & sun~ort pad, The ca'ihrated myro,
designed to drzwv a known and constant sunoly of 2r, i{s always conreczed
to the bottom of the field monitor case, When many loaded cas~s -re
taken jnto one carticu’'ar arca for samn’ing, & blank or contro’ fi'ter
(meaning a2 Toaded fie'd moenitsr case) should be taken aut to the area,
brought hack unusaed and counted, This will deceimine what degreoe of
genera’ contamingtion {s present on tha filters. We have found that
hending the field monitor cases with ce''ulose bands great'y reduces the
genera’ contamination of the filtere, The bands may be purchased frox
Va'lter H, Jel'v and Comoany, Inc. Thev are white, cvague, size 41 x 75
and come nacked ‘n solution $-3732, Unon remcve' from the solution, the
bands are s'inped arcund the middie and Sottom joints, or around a'°
foints, desend’ng uvon whathar the samn’e {s going to be drzwn throuzh
the ton saction nlug hole, or the entire ton secticn removed for “onen"
sam>'ing, The latter nrccedure ‘s recommendesd for asbestos dust sa=oling
since “t results in & more even samnle distribution over the entirs ex-
nosed f{cer surface.

Convenient nersona?l samn’ting oumns, such as those distributed hy VMine

Safety AnnTiances Comnanv, Willson Products Division or Union Tndustrial

are excellent for shors tern, low rate (arcurd 2 lom) samo'img., A

samnling mumn fe¢ connected to a 3 foot length of non-col'ansabie. one
quavter freh, rubber tubfng with a =ma'e Teur slio adanger (stock ny=her LF/1,
avai'ghle from Recton, Dickson and Comnany) inserted fnto the other end.

This enahles one to connect the hose divect'y 2o cthe case bv simn'y inssre-
{ng the adaster fnto the oiug hole at the bottom of the case,

Fleld monftor cases may easi'y be re-used., The olugs and all seczions

are senargted and nlaced in warm deterzent vater. The oarts should be
scrubbed thoroughly and rinsed in tas water, However, if the filters

are to receive any chemical analysfis, the cases shculd alzo be rinsed

in di{st117¢d water., The cases shou'd bde alloved to dry {n a clean area

(2 clean vocm {3 oreferable), to reduce contamination. The clean area it
equally I{mnovcant when loading the filters {nto t:e cases. The filter sad
(the thicker, fihrous d4ise) s nlaced {(n the bottom secction, The filter

is nlaced divectly on the nad. The middle and ten sections are acded, the
cage s nressed tightlv tomether, and the %on »lug is inserted. Re~lace-z-t
of the bottom nTuz is not necessary, A cellulose band is then nlace around
the case and after the band dries, the unit {s ready for samnling, Samsle
code numbers, erc, mav be written on the band or uson the filter case,
first making sure the marings can be removed when and if {t fs necessarx.

Additiomal (mfz-mztion comzerning f{72ars and field mmnitors mav be cbrairad
from M{1linore Cormoratien, ’
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CA'.CU~T7 oo QUITITTAT .

Yhen a sa=n'e {s taken, me-tinert ‘mfcrrmation abous the sammle shou'd b
recorded it the samm'ing site. Firsc, the samole nu~her shou'd be v--t:
on the fie'd mon‘tar case and tha sa=~le tickar, Nex:, enter a descrin
of his onerazion In the zddronriate smace. 1f the samnle is a general a:-
sample gnd does nect sertain to any particular employee, write "general a:r
samole"” in the emnloyee’'s rame soace. Information about the area mav be
vritten in the "descriation of oneration” scace. If you have severz! nur=s
which are ‘denti{ca! in sovearance, but have different flow rates, it weuld
be a2 good idea to assign them instrumant numbers. This enables you to <een
sccurate records of mainterance and calidbratisn., When instrumer: numbe~s
are keot it s not hecessary to entar the flow rate at the sampling sete.
Tt may be entered later frzm the record cards. Ctherwise, enter the flow
rate at the samnling size, When a number of filters are taxen into a
gerceral area a control (or bla=k) is taken along. This shou'd be assizne:
4 number and entered ‘n the blank number soace. Do not assign Slank i
ters Adunlicite numbers.

o

(LA I )

“ am

Vhen the samo’ ng numo s turned on, enter the time in the "time corn' s-ace.
While the samn’e {s being talien malke notes of contenls, i.e. exhaust hcods,
fans, window ve=tilatien, ezc. These notes should be entered <n cha
"descrintion of cortro’s”. The samole shou'd then sign his name or inizia's
st the bottom of the shee:. : .

After suffigiant time has nasse”, t he samnling fnstrument shou'd be turned
cff and the time recorded in the "time off" space. The difference hetvea-
"time on” and "time off" should he excressed {n minutes and should be e--
tered in the "total time” space, The "total air vo'lume' may bSe found by
multio’ving the flow rate (exoressed liters oer minute) hv the tota’ tize
and recorded in the aonrooriate snace.

After the samole has been taken, brought back into the lad and mournted, the
countirg nrocedure {s next,

The microscope must be oroserly set un. Place the slide to be counted o=
the mechanical stace. TFocus on the simnle a short distance awvay from the
edge. Never count c'ose ts the edpes of the Si'ter because the filter will =
soread a little and Tover the count. YNow, enter the date, samsie numier,

blank number and fie'd are: on the count sheet. The counter should in-tia!l

the form ‘n the "fnitial" space. The sized fihers are entered from vrg-t

to Teft across the form, first entering the >ICu fibers, then the >5u fite-s

sand finally, all fiders seexn, called the tota', After 100 fibers or I°

fields are counted and recorded, all of the vercical criumns ave added oo

and the totals are entered under their corresnonding columns. Divide the

tota's ar the bnttcem by the number cf fie'ds counted to determine the average

number of “i‘bers oer size range ver field. 3y using infermacion on these
two sheets the comcentrition in fibers ner cub’c milljliter may be caleu’ared

and entsered n the "cec." smace on the count sheet,
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Concentration = (Av, Fiber Cnt.) (filter area)

Av, Fiber Count:
Filter area:
Counting area:

femnle volume:
1000:

(field area) (Sample volume) (1C0N)

Averazge fiber count ner size ranrge

855 rm2 for 37 mm difa. membrane filters
Reticle calibrated in mm?

total time x flow rate, express in liters
Converts liter to milliliters

Tf blanks are used, subtract the average blank cout of the same gize
range “rom the average f'her count.

DU 062551
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ADDRTSSES

Millipore Fleld Mon{tor Cases (complete)
Cat, No, MAW? 03740

Millipore filter (W. Pads)
Cat, No, AAWPC3700

M{ll{oore Fi{lter Corvoration

Bedford, Massachusetts 07130

Porton Reticle
Cat. No, 230084

Patterson Globe & Circle Reticle.
Car. No. 30083

Bdmund Scientific Co.

701 Edscors Buflding

Barrington, New Jersey 08007

Vheston Balsam Bottle
Caz, No, 2244
Arthur H., Thomas Company
Post Office Box 779
Philadelnhia, Pennsylvania 19105

tubing to male leur slip

"

Adavters, hose end for 1/
Cat. Yo. LH/L

Becton, Dickinson and Company

Rutherford, New Jersey

White, oczque, cellulose bands, 41 x 25
¥o, 28

Walter R, Jelly & Co., Ine.

2822 Birch Street

Franklin Park, Tllinois 60131

Personal Sarpler Mk, IT
Wilison Products Divis{en
Reading, Pennsylvania

Monitafre Sammler
Mine Safety Apocliances Co.
Pirtsburgh, Pennsylvania

Tnico Telematic Model C-110

Unfco Favironmental Induscries, Inc.
Fall River, Massachusetts

bup
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