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PLAINTIFF’S EXHIBIT

Substanca’

LN

Asbestos,

Standard: 29 CFR 1910.93a(2) of Deccshber 7. 1971

8-hour timz-uveighted averages::
than 5 microus in length.

w

fibars per milliliter greater

i " Excursion limit®*: 10 fibers per milliliter, up to 15 minutes in
an hour for up to S5 hours per §-hour day.

*Unprotected or improparly protected worker exposures

Analytical Method: ' .

Fibers counted at 4C0-450 maznification, using phase contrast
illumination, with sample mounted in high-viscosity solution
of membrazne filter material. ' '

( : Sampling Egquipment:

Personal sampling pump plus Millipore type #A filter (37mm,
0.8 n pore - size). Face cap is removed and filter used open
- face during sampling., Sampling rate: 2 l/m.

Sanple Siza:

Minimum period of 15 minutes for evaluation of excursion limit,
Several samples of up to & hours for evaluation of §-hour
average. Samples vith z vicible deposit may be too heavy to
count. Compare with a clean filter. leavy concentrations of
visible dust in the air {100 to 500 fibers/ml) wmay require
short sompling periods of only 5 minutes, or less.

co. Blanksg

With each batch of samples subuit two filters which zre subjected
to exactly the same handling 3s for the samples except that no
air is drown through them, Label these as blanks.,
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FOREWORD

To determine concentrations of asbestos dust in air for comparison with
established hygiene limits, a simple reproducible methcd is required. A
simole and inexpensive samnling method uses disposable (reloadable +if
desired) olastic memdrane filter holders, pre-loaded with membrane filters.
These membrane filters may be rendered transovarent and the asbestns fibers
counted with a phase-ccatrast microscove at 430X (or 400X). This method

has been used by the Asbestosis Research Council in Great Britain and the
U.S. Public Health Sa2rvice in the Unrited States of America, It Is specified
in the nrooosed change for asbestos in the 1968 Threshold Limit Values (TLV)
of the American Conference of Govermmental Industrial Hygienists.

Uniform procedures must be used for carrying out these counts §s reproduciblc
results are to be achieved. Detajled equinment and procedures used by the
U.S. Public Health Service are described here, :
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INTRODUCTTON

For several years, z set method for counting and sizing ajrborne
particulate matter, which has been denosited uvon membrane filters, has
been used., The filters used in this technique are 37 rm diameter cellu-
lose ester membrane f lters manufactured by Millioore Corporation, (cat.
no. AAWP03700). The slide mounting technique refars cnly to these filters,
and will not work fer any others. '

The filters may be rurchased oremounted in convenient field monitor

cases, and are ready for sampling. The filters are nearly 100% efficient
for any asbestos dust, even for fibers with diameters much smaller than the
0.8 micron (p) ovore size. Sample nreparation for electron and optical

examination are both relatively simple. Slide mounts of the filters are
semi-permanent.

The follcwing procedures and recommendations will produce accurate
results, if each step is performed exactly as indicated,

FQUIPMANT LTST . LT

1. Table

2, Adjustable chair

3. Phase contrast microscope

&, Ribbon filament illuminator or (built-in illuminator)
S. FEye piece reticla (Porton type)
6. Lens tissue

7. Small camels hair brush

8. Slides

9, Cover slips

10. Spatula

11, Tweezers .
12, Scalpel -
13. Wheaton Balsam bottle

LABORATORY SET-UP

Tt is {important to provide a suitable counting area, for the room in which
the counting §s to b2 done has a great bearing upon the microscopist. It
ghould be out of the way of normal traffic, and be keot as free from dust
and smoke as possibl2, The tables on which the microscopes are place should
be as free from vibratfons and shocks as vpossible. An adjustable chair will
do much to add to th2 comfort of the counter,



PRELTMINARY MTCROSCOPE SET UP

Before any dust sizing or counting can be done, rrooer equipment must be
at hand. This section describes the required equipment.

The {1luminztor should be small and reasonably ccmpact. Ribbon filament
j1lluminators are generally rmuch easier to use. The illuminator must in-
corporate a condensing lens, so that the enlargec image of the lamp fila-
ment may be focused in the plane of the substage condenser dianhragm.

The illuminator must also have an iris diaphragm lccated as near a2s possi-
ble to the condensing lens. The iris serves as a field diaohragm and is
focused in the nlana of the specimen.

The microscove used must have a substage condenser fitted with an iris
dfaphrazm. This fris serves as an apverture diaohragm. The microscovoe
should have a calibrated reticle inside the non-adjustable eyeniece.

The reticle should he small enough that all the counting field is in focus
(1f the flat field objective and eyenieces are used, essentially the en-
tire field will be in focus). The microscopes must be equivped with phase
contrast accessories. Using phase contrast, even objects with almost the
same refractive ind2x &8s the mounting medisz can be sean. Light waves
which travel through such a specimen are retarded by a fraction of a wave-
length to produce a chanze in vhase. The phase contrast optical systenm
reveals these nhase changes as light or dark contrast against the back-
ground. ' .

This procedure was written bv a2 user of Bausch and Lemb phase-equioned
microscones, so that microscope set-up orocedures corresnond with these.
However, any good microscone with phase contrast accessories will be
satisfactory. '

For continual routine examination of filters, the binocular tvpe microscoss
i{s much more comfortable. The use of a first surface mirror is recommended
but not necessary.. Ry utlizing a second surface mirror, multiple images

of the f1lluminator fleld iris are formed which will detract froa the criso-
ness of the final image.

As mentioned nreviously, the microscore must contain a reticle. Any reticl
such as the Porton or Patterson Globe and Circle, which projects a constant
counting area and has orovision for sizirg, will work. The Porton reticle
which we use outlinzs a rectangle that fits easily within the neriohery of
focus. The rectangle is diviced into two squares. The left square is
divided into six rectangles which constitutes the counting area. Above and
below the large rectangles are a series of circles in wvhich every other cir
doubles in diameter. Hence,the third is twice the diameter of the first;
the fourth is twice the size of the second, etc. The right half of the rec
tangle contains a scale for extending the size above the number nine circle
The formule D=L V27 describes the circles sizes. The diameter D is found
from L which is the unit of length, and N which reoresents the number oI th
circle. L is deteminred by calibration with a stage micrometer. The entir
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length of the rectangle §s 200 L units. By measuring the length and dividin
by 200, "L" 1s obtained and the circle sizes may be calculated. Whenever a
microscooe §s disassembled or cleaned, the reticie calibration should be
checked. Another fact to take into ccansideration .is that changing the inter
pupillary distance of the binocular will change the calibration, so the
microsconist mav want to check the calibration at both extremes of adjust-
ment. The counting area on the reticle should be kert as clean as possible,
as dirt on the reticle is in focus and may be couated.

MICROSCOPF S=T UP AND THE PROCEDURE FOﬁ OBTAINTNG KOHLER TLLUMINATION

By util{zing equipment that meets the requirements just mentfoned, any
counter may achieve comparable counts after some oractice. This section
will deal with settingz the microscope up and obtaining kohler {llumination.
Tt is extremely imnortant that every stev be followed exactly as indicated.

1. Place the microscove on a flat, level surface at a height such
that the eyepieces may be observed without strain or discomfort.

2. Place a moderate dust sample uron the stage.

3. Place the illuminator directly in front of the microscope. Sight
across the two and be sure they are aligned. For coil filament
bulbs the {lluminator {ris should be two inches from the center ¢
the microscope mirror. For ribbon filament bulbs, the front of
the filter holder should be seven inches frcm the center of the
plane side of the mirror. Never use the curved side.

4. PRemove ail diffusing filters from the system and insert a neutral
density filter and a clear blue filter. Blue or green colored fi
ters may be used at the discretion of the microscopist.

BOTE: Where the microscope includes a built-in {lluminator to give Kohler
j1lumination, the above steos will not all be necessary.

REVIEW
A. Check microscope and illuminator alignment.
B. Check the distance between the microscope and the illuminacor.
C. Be sure that you are using the flat ‘side of the mirror.
D, Make sure that :Eere are only two filtersin the system.
S. By means of the focusing knob on the side of the substage con-
denser assembly, raise it until the upper lens nearly touches
the bottom of the slide. Remember that the free working distance

of the condenser i{s 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, direct the

beam onto the center of the micrror. Then by tilting the mirror
. direct the beam usward i{nto the condenser.

7. Close the substage iris completely. Open the illuminator iris
al) the way. .

8. By means of the focusing controls on the side of the jlluminator,
focus the image of the filament on the bottom of the substage iri
This may be done by leaning over the microscope and observing the
substage iris in the microscope mirror. (On such models #s the
Bausch & Lombd PR-27, there is a fine focus knob at the rear of
the illuminator). In that case, move the condensing lens all the
way forward and trim the focus with the fine focus knob.

9. Onen the substage iris about half way.

REVIEW

A, Check the distance between the slide and condenser.

B. Be sure that the beam is striking the center >f the mirror, and that {t
is being deflected upward into the condemser.

C. Plezse reneat steo 7.

D. Check sten 8. 7Tf the image is not in focus now, correct it., .Do nct
continue until the filament i{s correctly focused.

. Please repeat sten 9,

10, Put the 10X objective in place and focus on the samle. This js
—~ done as follows: First, looking from the side of the microscove,
lower the objective until it gets very near to the slide. Then,
by looking through the eyevieces, focns un. Never focus down wit
coarse focus when looking through eyeoieces.

A vord of czution: The objective lenses are very expensive, so be careful r
to grind them through the slide. Always focus up. Now trim the focus with
fine focu: knob. Fccus sharoly on the sample. Secondly, cldése the field ir
fully. Tf the condenser is nearly in focus, you shoulc see a bright snot of
1fght, By using the condenser focus knob, bring the field {ris into sharpo
focus. Now, both the field iris and the- objectiva are in focus on the samnl
Tf there anvear to té multiple images of the field iris, it is because of th
gsecond surface mirrcr., Some of the 1ight waves are reflected from the first
surface, resulting in sacondary images.

11. If the image of the field {ris {s not centered, re-center it
by tiltirg the mirror. 1f the color around the field iris is
not uniform, re-check the tilting of the illuminator.



A.

c.

-5 -

REVIFW

Check and be sure vou are focused on the sample. 10X objectives have
a relativelv long focal lensth and it mav he possible to focus on:

(a) the ton of the cover slipn. (b) the sample. (c) the hottom of the
filter. (d) the too of the slide. (e) the bottom of the slide,

(f) the top of the condenser. So be sure of the focal plane.

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

Re-check the centering and tilt of the illuminator.

DETATLFED TNSTRUCTTONS FOR BAUSCH AND LOMB BINCCULAR MICROSCOPES

1.

Leave the microscove phase ring on 0. Insert the telescove that is
suoplied with the kit into the right eyepiece tube. Focus on the dark.
phase ring, Ovnen and close the substage iris to b2 sure that it is
centered in relaetion to the objective phase ring. If it is not in the
center, loosen the set screw on the condenser mount and oroperly set
the condenser. Then re-tighten the set screw. This should very seldom
be necessary. Do rot force anything and be careful and patient. %When
you are satisfied that the condenser is alignad, oven it all the way,

Turn the nhase wheel to 10, This shcws that the 10X phase ring is in
olace, Look through the telescope again. By using the adjustment screw
on the side of the condenser, move the rings, until they are nerfectly
concentric. Vnen changing phase rings, move them carefully, so as not
to knock the cordenser out of aljznment,

Turn to the 43X objective., Carefully turn the wheel to the 43 vhase
ring., Align the two rings in the same manner as performed in steo 2.

Remove the telescove and reolace the eyepieces. Again, check the conden-
ser focus. You are now ready to examine the sample at 430X, assuming
thet vou are using 10X eyeonijeces. .

FILTER MOUNTING

Set un Prior to Mourtinge

Have avaflable at hand a quality scalpel and a suvply of No. 10 éurved blades
a pair of tweezers (fine vointed are oreferred), a snatula or fire nolished
glass rocd and a box of lens tissue, Slides (1" x 3" or 25 x 75 mm) with
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the date, samnle number, etec. It is advisable to use quality number 1-1/2"
cover slins. Most dry objectives are corrected for this thickness cover
glass. The mountins media should be keot in a Wheaton Balsam bottle. The

cdge around the lid should be coated with stopcock grease to keep out the
surrounding air. . .

The mounting sclutjon may now be prepared. A cne to one solution by volume
of dimethyl phthalaze 2nd diethvl oxalate is poured into the balsam bottle,
Then add 0.05 gram of filter material for each milliliter of solution. The
added filters increase the viscosity of the solution. Before using the
solution, all of the filter material must be discsolved 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 sclution.

Mountineg Procedure

Keep in mind that cleanliness is imoortant. First, lay down two pieces of
lens tissue; one directly in front of you and the other to the left or right
for the mountinz tools. WNext, wipe the scalpel, tweezers and glass rod or
spatula with the frasted end toward you, Ever precleaned slides must be ’
cleaned this wav, Hold a cover slip by the edge: between the index firger
and the thumb, and clean it in the sam2 manner as the slide.

Place the cover slin so that one edge rests on the unfrosted end of the 7
slide and the other edge rests on the lens-tissue., Be sure that the lower
surface does not come into contact with the lens tissue,

Using the glass rod, or dropper, disvense a small drop of the mounting medi:
onto the center of the slide. Replace the rod or dropver into the solution
bottle and cover it. Using the spatula, spread the solution into a triangu:
shape. UWhile the fluid is soreading, cut a wedge of corresnonding size fror
"the filter. Place {t upon the mounting media, sample side up. Pick up the
cover slip and nlace it on top of the filter. Press lightly on the cover
slip to be sure the mounting media has made contact with it. Label the slic
before comoleting any other slide. Sometime, after an hour or so, the filte
mey net have cleared, Usually, this can be cured by pressing lightly on the
cover sliv with a vencil eraser that has been wrapoed with lens tissue, 1If
the filter has been used to filter liquids or is damp, it will require dryir
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 sooun 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 nractice and experience, several samples may be mounted at
the same time with excellent results.

Remember to keen the 2rea in which mounting is dcne as clean as po;sxble
to prevent contamination of the {ilter.

MICROSCOPZ PRECAUTTONS AND MATHTEWANCE .

Qualjty lens tissue is a must. The micrscopist shculd use it for any kind
of lens cleaning. 7t should be as lint free as rossible. It may be wrapped
around the blunt end of a small camels hair brush and used to clean thes eye-
nieces. WNever wine the inside of the microscope tody. Tf {t is necessary
to remove dirt from the inside of the tubes, blow it out with an aspirator
bulb. Whenever vou are using immerision oil, be sure that you wive all
surfaces that were in contact with the oil.

Generally, solvents should not he used when cleaning lenses. Alcohol, like
most solvents will dissolve the lens mountinz cement, which may ruin the
lens system., Xylen: should be used sparingly to remove immersion oil.

Use a camels hatir brush to clean first-surface mirrors and non-critical lenc
surfaces. Never wise first-surface mirrors w’ th lens tissue.

Avofd touching a lens surface with fingers es the finger prints has a ten-
dency to etca Into the iens surface,

COUNTTING PROCFDURFE

Place the samnle on the stage and focus on ft., Since the sannle is retainec
in the ton ten fifteen microns of the filter, be sure that you are focused
{n the proner nlane., The reticle 1n the left eyepiece is used to define
the counting area. The reticle shouléd be calibrated vrior to being used.
The total fiber count (a fiber is anything three times as long as it is
wide) should be at least 100 fibers, or twenty fieids, whichever {s less.
Jt is advisable to make as large a count aspractical to get an accurate
average. If a fiber corssed the limits of the counting field, only those
crossing either or both of two adjacent sides are counted. For example, a
fiber crosing the too or right, or possibly both sides would be counted.
The sides chosen are at the discretion of the counter, but any counter must
always use the same sides. The fibers counted are estimated as to length,
ueing the circles at the too of the reticle. Our practice has been to
record all fibers seen, all fibers longer than five microns and all fibers
jonger than 10 microns. However, for comparison with the ACGIH TLV (1568),
only the longer than Su fibers need be counted. '



FIFLD MONTTOP DTISCUSSION

Membrane filters may be purchased nre-loaded in piastic holders (Aeroso!?
Analysis Monitors). The Monitors consist of three sectijons. The filter
is held bhetwz2er the mniddle and hottom sections. Between the menmbrane
filter and the botton section lies 2 sunnort vad., The calibrated oump,
designed to draw a known and constant suncly of a“r, is always connected
to the battom of the fieid monitor case. Uhen many loaded casas -rre
taken into one varticular area for samnling, a blank or control filter
(meaning a lcaded field monitor case) shouid be taken out to the area,
brought hack unused and counted. This will determine what degree of
géneral contaminaticn is oresent on the filters. We have found that
banding the field monitor cases with cellulose bands greatly reduces the
general contaminaticn of the filters. The bands may be purchased from
Vialter K. Jelly and Comnany, Tne. They are white, coaque, size 41 x 25
and come nacked in solution 5-132. Unon removal from the solutiomn, the
bands are slinned around the middle and bottom joints, or-around all
foints, deoendinz uoon whether the samole is going to be drawn through
the ton section nluz hole, or the entire ton section removed for "onen'
sampliing. The latter nrocedure {is recommended fo~ asbestos dust samoling
since it resuits in a more even samnle distribution over the entire ex-

~posed filter surface.

Convenjent nersonal samnling pumns, such as those distributed by Mine
fafety Annifances Ccmoany, Willson Products Division or Union Tndustrial
are excellent for short term, low rate (around 2 lpm) sampling. A
samniing numn js connected to a 3 foot length of non-collansable, one
quarter inch, rubber tubing with a male leur slip adanter (stock number LH/L
availahle from Rectcn, Dickson and Comnany) inserted into the other end.
This enables one to connect the hose directly to the case by simnly insert-
{ng the adaoter intc the olug hole at the bottom of the case.

Fi{eld monitor cases mav easily be re-used. The plugs and all sections
are senarated and nlaced in warm detergent water. The parts should be
scrubbed thoroughly and rinsed in tan water., Howaver, if the filters
are to receive any chemfcal analysis, the cases should also be rinsed

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

(a clean room is oreferable), to reduce contamination. The clean area is
equaily {mnortant wten loading the filters into the cases. The filter pad
(the thicker, fibrouvs dise) {s placed in the bottom sectfon. The filter

is placed directly cn the nad. The middle and ton sections are added, the
case is nressed tigktly together, and the ton pluz is inserted. Renlacement

_of the bottom n'ue is not necessary. A cellulose band {s then nlace arcund

the case and after the band dries, the unit is ready for samnling. Sample
code numbers, etc. may be written on the band or uoon the filter case,
first making sure the markings can be removed wvhen and if it is necessary.

Additiona! information concerning filters and field monitors may be obtained
from M{llinore Corncration.



CATCUTATICN OF CONCENTRATION

Vihen a samnle is taken, pertinent fnformatfon about the sample should be
recorded at the sammiing site. First, the samole number should be written
on the ffeld monitor case and the samrle ticket. Next, enter 2 descriotion
of his oncration in the 2ooronriate snace. If the samnle is a general air
sample and does not nertain to any particular emoloyee, write "general air
sample' {n the emnlovee's name space. Information about the area may be
written in the '"description of omeration' space. If you have several numns
vhich are identical “n aovearance, but have different flcw rates, it would
be 2 good idea to assign them instrument numbars. This enables you to keen
accurate records of maintenance and calibration. tUhen {nstrument numbers
are kept ft is not necessary to enter the flow rate at the samoling site.
Jt may be entered later from the record cards. Otherwise, enter the flow
rate at the samnling site. When a number of filters are taken into 2
general area a control (or blank) is taken along. This should be assigned

a number and entered in the blank number svace. TIo not assign blank fil-
ters dunlicate numbers. .

When the samolinz nuro §s turned on, enter the time in the "time on" svace. -
Vhile the samnle §s being taken make notes of controls, i.e. exhaust hoods,
fans, window ventiiation, etc. These notes should be entered in the
"descrintion of controls'. The sample should ther sign his name or ‘nitfals
at the bottom of the sheet.

.- s
After sufficient time has nassed, t he samnling instrument should -be turned
of f and the time recorded in the "time off" space. The difference between
"time on" and "time off" should be exnressed in minutes and should be en-
tered in the "total time'" space. The "total air volume" may be found by
multiplying the flow rate (exoressed liters per minute) by the total time
and recorded in the avnrooriate snace.

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

The microscooe must he vrooerly set un. Place the slide to be counted on

the mechanical stare. TFocus cn the samnle a short distance away from the
edge., Never count close to the edges of the filter hecause the filter will
spread a little and “ower the count. Now, enter the date, samnle number,
blank number and fje’d area on the count sheet. The.counter should initial
the form in the "initial" space. The sized fibers are entered from right

to left across the form, first entering the >10u fibers, then the >5u fibers
and finally, all fibers seen, called the total. After 100 fibers or 20
fields are counted and recorded, all of the vertical columns are acded uo

and the totals are entered under their corresponding columns. Divide the
totals at the bnttom by the number of fields counted to determine the average
numbher of fibers ner size range ver field. By using information on these

two sheets the concentration in fibers per cubjec ajlliliter 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) (Sampie volumz2) {1GGO)

Av, Fiber Count: Averaze fiber count ner sixze range

Filter area: 855 2 for 37 rm dia. membrane filters
Countingz area: Reticle calibrated in rm? '
Samnle volume: total time x flow rate, exnress in liters
1000 : Converts liter to milliliters

Tf blanks are used, subtract the average blank cout of the same size
range ‘rom rhe averaze fiher count.,
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ADDRESSES

Millipore Field Monitor Cases (complete)
Cat. No, MAWP 0374

Millipore €{1ter (Y. Pads)
Cat. ilo. AAWPO3700

Mill{ivore Filter Corporation

Bedford, Massachusetts 07130

Portoa Reticle
Cat, No, 30084

Patterson Globe & Circle Reticle
Cat. No, 30083

Fdmund Scientific Co.

701 Edscorp Building

Barrington, New Jersey 08007

Wheaton Balsam Bottle
Cat, Wo. 2244
Arthur H, Thomas Cowpany
Post Office Box 779
Philadelphia, Pennsylvania 19105

Adavters, hose end for 1/4" tubing to male leur slip
Cat, No. LH/L

Becton, Dickinson and Company

Rutherford, New Jersey

White, opaque, cellulose bands, 41 x 25
Yo, 28

Walter H. Jelly & Co., Inc,

2822 Birch Street

Franklin Park, Tllinois 60131

Personal fampler ¥k, 1T
Willson Products Division
Reading, Pennsylvania

Monitafre Samoler
Mine Safety Apoliarces Co,
Pittsburgh, Pennsylvania

Unico Telematic Model C-110
Unico Fnvironmental Industries, Ine,
Fall Ri{ver, Massachusetts
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