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FOREWORD

To ﬁetérm;ne concentrations of asbestos dust in air for éompari—
son with established hygiene limits, a simple reproducible method is
required, A simple and Iinexpensive sampling method uses disposatle
(reloadable if desired) plastic membrane filter holders, pre-loadeé with
nmembrane filters, These membrane filters may be rendered transparent and.
the asbestos fisers counted with a phase-contrast micréscope at 430X
(or 400X). This method has been used by the Asbestosis iésearch Council
in Great Britain and the U, S, Public Health Scrvice in the United States
of America, It 1is specificd in the proposed cﬁange for asbestos in the
1968 threshold limit values of the American Conferecnce of Governmental
Industrial Hygienists, )

Uniform procedures musf be used for carrying out these counts if

reproducible results are to be achieved. Detailed equipment and proce~

dures used by the U, S. Public Health Service are described here.
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INTRODUCTION

For several years, a set method for counting and sizing airborne
particulate matter, which has been deposited upon membrane filters, has
been used., The filters used in this technique are 37 mm diameter cellu-
lose ester membrane filters manufactured by Millipore Sorporation, (cat.,
no. AAWPO3700), The slide mounting technique refers oﬂly to these filters,
and will not work for any others.

The filters may be purchased premounted 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 (u) pore size. Sample ﬁreparation for electron and gptical
examinatinn are hoth relatively simnle, Slida monnts nf the filterc are
semispermanent,

The following procedures and recommendations will produce accurate

~results, if each step is performed exactly as indicated,
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EQUIPMENT LIST

1, Table

2, Adjustable chair

3. Phase contrast microscope

4, Ribbon filament illuminator or (built in illuminator)
-5, Eye piece reticle (Porton type) 4
6. Lens tissue

7. Small czmels hair brush

8. Slides

9. Cover slips

10. Spatula . )
11. Tweezers

A 12. Scalpel
13, VWheston Balsam bottle

LABORATORY SET-UP

It is important to provide a suitable counting area, for the room

in which the counting is to be dcne has a great bearing upon the

microsconist,

- as frce from dust and smcke as possible.

It should be out of the way of normal traffic, and be kept

The tzbLles on which the microscopes

are placed should be a6 free from vibrations and shocks as pussible. An

adjustsble chair will do mech to add to the comfort of the counter,
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PRELIMINARY MICROSCOPE SET UP

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

The illuminator should be small and reasonébly co%pact. Ribbon
filament illuminators are generally much easier to use., The illuminator
must incorporatg a condensing lens, so that the enlarged image of the

4
lamp filament may be focused in the plane of the substage condenser

diaphragm. The illumnator must also have an iris diaphr;gm located as
near as possible to the condensing lens, The iris serves as a field
diaphragm and is focused in the plan= of the ;pecimen.

The microscope used must have a substage condenser fitted with
an iris diaphragm. This iris serves as an aperture dizphragm. The
microscope should have a calibrated reticle inside the non-adjustable
eyepiece, The reticle should be small enough that all the counting field
is in focus (if the flat field objective and eyepieces are used, essentially .
the entire field will be iﬁ focus). The microscopes must be equipped with
phase céntrést ;ccéésorics. ﬁéing fhase contrast, even objects ﬁithralmoéﬁ,
the same refractive indeg as the mounting media can be seen, Light waves
which travel through such az specimen ere retarded by a fraction of a wave-
length to produce a change in phase. The phzse contrast optical system
reveals these phase channes as light or dark contrast against the bock-
ground,

This procedure wes written by a waer of Bausch and Towb phase-

equipped microscones, so that microscope set-up proccdures correspond with
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these. Howeyer, any good microscove with phase centrast accessories will
be satisfactory,

'For continﬁal routine examination of filters, the binocular type
microscove is much more comfortable. The use of a first surface mirror
is recommended, but not necessary., By utlizing a second surface mirror,
multiple images of the illuminator field iris are formed which will detract
from the crisnness of the. final image. 4

As mentioned previously, the microscope must contain a reticle,
Any reticle, such as the Porton or Patterson Clobe and Circle, which
projects a counstant counting.area and has provision for sizing, will
work. The Porton reticle which we use outlines a rectangle that fits
easily within the veriphery of focus. The rectangle is divided into two
squares., The left square is divided into six rectangles which constitutes
the counting area. Above and below the large rectangle are a series of
circles in which every other circle doubles in diameter. Hence the third

is twice the dizmeter of the first; the fourth is twice the size of the

7sec§nd, etc: The righf half of tﬁe rectangie conféins a séaie‘for ;xtendiﬁg
the size above the number nine circle. The formula D=L 28 describes |

the circles sizes. The diameter D i{s found from L which is the unit of 1engfh,
and N vhich renresents the number of the circle. L is determined by cali-
bration with a stage micrometer. The entire length of the rectangle is

200 L units. By measuring the length and dividing by 200, L is obtaincd

and the civcle sirzes may be calculeted, Facnever a nicroscone is disasscembled

or cleaned, the reticle calibration sheuld be checked. Another fact to tale
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into consideration is that changing the interpupillary distance of the
binocular will change the calibration, so the microscopist may want to
check the calibration at both extremas of adjustment. The counting area
on the reticle should be kept as clean as possible, as dirt on the reticle

" 4s in focus and may be counted. -

4
MICRKOSCOPE SET-UP AND THE PROCEDURE FOR ORTAINING KOHLFR TLLUMTNATION

By utilizing equipment that meets the requirements just mentioned,
any counter may achieve comparable counts after some practice. This
section will deal with setting the microscope Qp and obtaining ¥ohler
{1lumination. It is extremely important that every step be followed
exactly as indicated,. |
1. Place the microscope 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 upoﬁ the stage. |
3. Pléce the {lluminator directly in front of the microscope. Sight
;;rogs tﬁe gwo and-be sure they are-aligued; For coil fiiamenf )
_ bulbs the illuminator iris should be ten inches frsm the center
of the m{croscoﬁe mirror. 'For ribbon filament bulbs, the front
of the filter holder should be seven inches from the center
of the plane side of the mirror. Never use the curyed side,
&, Pemove all diffusing filters froa the systew and insert a
neutral deusity filter and a clear blue filter. Blue or grecu
colored filters m2y be uscd at the discrction of the microscopist.
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NOTE: Vhere the microscope includes a built-in illuminator to give Kohler

illumination, the above steps will not all be necessary.

A,

REVIEW

Check mi;roécope'and {1luminator alignment,

Check the distance between the microscope and the illuminator.

A
Be sure that you are using the flat side of the mirror.

Make sure that there are only two filters in the system,

5.

8.

By means of the focusing knob on the side of the substage con-
denser assembly, raise it uptil thé upper lens nearly touches

the botton of the slide. Remember that the free working distance
of the coﬁdenser is in the order ;f 1.2 mm and that the slide is
about 1 mm thick,

Turn on the {lluminatr. Using thé tile confrols, direct the

beam onto the center of the mirror. Then, by tilting the mirror

direct the beam upward into the condenser.

" ‘Close the substage iris completely. Open the {lluminator iris

all the way.

By means of the focusing controls on the side of the illuminator,
focus the image of the filsment on the botton of the subsztage iris,
This may be done by leaning over the microscope and observing the
substage iris in the microscope mirror. (On such mcdels as the
Bausch & Lon:d PR-27, there {s a fine focus knob at the rear of.
the {1lluminator). In that case, move the condersing lens all

the way forv:ard and trim the focus with the fine focus knob.

004234
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9. Open 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 of the ﬁirror, and

that it is being deflected upward into the condenser,
C. Plesse repeat sten 7. y
D. Cﬂeck step 8, If the image is not in focus now, correct it, Do not

continue until the filamant 1is correctly focused,
E. Please repcat sten.9. '

10, Put the 10X objective in place and focus on the éample. This
is done-as follows: First, looking from the side of the
microscone, lower the objecti§e until it gets very near to
thie siide, Tnen, by looking through the eyepieces, focus up.

Never focus down with coarse focus when looking through eyepieces.

- A word of caution: The objective lenses are very expensive, so be careful

-not to grind them through the slide. Always focus upl Now trim the focus

Qith fine focus knob, Focus sharply on the sample. Secondly, close-the
field iris fully., If thg condenser is nearly in focus, you should sece a
brigﬁt spot of light, By using the condanser fozcus knob, bring the ficld
iris into sharp focus, Now, both the field iris ;nd the objective are in
focus en the suinle, I theare sryear to ue fultiple inagjes ¢f tue f{icld
iris, it {5 becavse of the seccend swifrce mirvor., Soue of the light waves

are reflected from the first surface, reculting in secondary images.
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12, If the image of the field iris is not centered, re-center it
by tiiting the mirror. If the color around the fleld iris is

not uniform, recheck the tilting of the illuminator.

REVIEW

‘l.

C.

Check a2nd be sure you are focused on the sample. 10X objectives have

a relatively long focal length and it may possiblelto focus on:

(a) the top of the cover slip. (b) the sample. (c) the botton of the.

filter. (d) the top of the slide, (e) the bottom of the slide.
(f) the top of the condenser, So be sure bf the focal plane.
Be sure that the field iris is focused in the sample plane. Check

this often when examining samoles, As the sample focus changes, so

. does the condenser focus.

Recheck the centering and tilt of the illuminator,

DETATLED TNSTRUCTIONS FOR BAUSCH AND LO:!B BINOCULAR MICRCSCOPES

1, Leave the microscope phase rind on 0. Insert the telescope
that is supplied with the kit into the right eyepiece tute,
Focus on the dark phase ring. Open and close the substage iris

- to be sure that it is centered in relation to the objective

phase ring, 1If it is not in the center, loocen the set screw on

the condenser mount and pronerly seat the condenser. Then re-
tighicen the sct screw., This should very scldém be necessary,
Do not force anything ard be careful and paiient. VWhen you are
satisfied that the coadencer is aligned, open it all the way,

-2, Turn the obase vheel to 10, This shove that the 10X phaze

004236
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ring is in place., Look through the telescope again. By using
.the adjustment screws on the side of the condenser, move the
rings until they are perfectly concentric. When changing phase
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 phase ring. Align the two rings in the same manner as ber-
formed in step 2.

4, Remove the telescope and replace the eyepieces. Again, check the
condenser focus. You are n&w ready to examine the sample at 430X,
assuming that you are using 10X eyepieces.

FILTER MOUNTING

Set-up Prior to Mounting

Have available at hand a quality scalpel and a supply of no. 10
curved blades, a pair of tweezers (fine pointed are preferred), a spatula
or fire polished glass rod and a box of lens tissue., Slides (1" x 3" or
25 x 75mm) with frosted ends are best because one may label the slide with
the date, sample number, ete. It is advisable to use quality number 1-1/2
cover slips, Most dry objectives are corrected for this thickness cover -
glass, The mounting media should be kept in a Vheaton balszm sottle. The
edge around the licd should be coated with stopcock greasce to keep out the
surrounding aiv.

The mounting solution may nor be prepared. A one to one solution by
volume of dimethyl phthzlate and diethyl owalate is poured into the balsan
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bottle, Then add 0.05 g:am of filter material for each milliliter of
solution. . The added filters increase the viscosity of the solution.
Before using the solution, a1l of the filter material must be dissolved
and the solution must be of uniform consistency, This may require a day
or so with frequent stirring.- Refrigeration may add to the shelf 1life
of the solution,

" Mounting Procedure

Keep in mind that cleanliness is imoortant, Firs;, lay dovm two
pleces of lens tissuc; one directly in front of you and the other to the
left or right for the mounting tools., Next, Qipe the scalpel, tweezers
and glass rod or spatula with lens tissue. Eplding a slide by the frosting,
wipe it clean. Lay it down with the frosted end toward you, Even pre-
cleaned slides must be cleaned this way, Hold a cover slip by the edges
between the index finger and the thumb, and clean it in the same manner
as the slide,

Place the cover slib so that onc edge rests on the unfrosted end
of-the slide and the other edge résts on the lens tissue.> Be sure that
the lower surface does not come into contact with the lems tissue,

Using the glass rod, or dropper, dispense a small drop of the
mounting media onto the center of the slide. Replace the rod or dropper
into the solution bottle and cover it. Using the spatula, spread the
solutjon into a triangular shane. While the fluid js spreading, cut a
wvedge of correspondiug size from the filter., Place it upon the mounting
medié, samnle side up. Plck up the cover slip aad place it on top of the

filter, Press lightly on the cover slip to be sure the rounting media

has made contzet with jt. Label the slide before completing any other
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slide., Sometine, after an hour or so, the filter may not have cleared.
Usually, this can be cured by pressing lightly on the cover slip with a
pencil eraser thét has been wrappred with lens tissue, If 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 samnle may spread and give an erroneous count per unit area.
The filter should be counted as soon as possible because the soiution
may eventually form crystals that look like fibers and may be mistaken
for part of the sample.

After a little practice and experience, several samples may be
mounted at the same time with excellent results, |

Remember to kecp the area in vhich mounting is donme as clean as
possible to prevent contamination of the filter, |

MICROSCOPE PRFECAUTIONS AND MATNTENWANCE

Quality lens tissue is a must, The microscopist should use it for

any kind of lens cleaning, It should be as lint free as possible, It may
be wrapped around the blunt end of a small camels hair brush and used to
clean th;reyenieccs. Never wipe the inside of the microsocpe body. If it
is necessary to remove dirt from the inside of the tubes, blow it out with
an aspirator bulb, YWhenever you are uzing iwmersion oil, -be suire that you
wipe all surizces that vere in contect with the oil.

Generally, solveats should not be uzed when clecning lenses. Alcchol,

like moct solvente will dissolve the lens mounting cerient, which may ruin
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the lens systeﬁ. Xylene should be used sparingly to remove immersion oil.
Use a camels hair brush to clean first-surface mirrors and non-
critical lens surfaces. Neverl wipe first-surface mirrors with lens
tissue,
Avoid tbuchfng a lens surface with fingérs as the fingerprint has
a tendency to etch into the lens surface,

COUNTING PROCELURE

Place the sample on the stage and focus on it. Since the sample
is retained in the top ten fifteen microns of the filter, be sure that
you are focused invthe proper plane, The reticle in the left eyeplece is
used to define the counting area., The reticle should be calibrated prior
to being used. The total fiber count (a fiber is anything three times
as long as it is wide) should be at least 100 tibers, or twenty tieids,
whichever fs less. It is adviszble to made as large a count as practicsl
to get an accurate.averagq. If a fiber crosses the limits of the counting
field, only those crossing either or both of two adjaéent sides are counted,
Por example, a fiber crossing the top or right, or possibly both sides weould
be counted. The sides chosen are at the discretion of the counter, but zny
counter must alwaye use fhe same sides, The fibers counted are estimated
as to léngth,using the circles 2t the top of the feticle. Qur practice
hzas been to record all fibers seeu, all fibers longer than five microns
and all fibers longer thou 10 microns, Howeover, for cosparison with

the ACGIH TLV (1958), ouly the longer than Sp fibers need be counted,
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FIELD MONTTOR DISCUS3TON

Hembrane filters may be vurchases pre-loaded in plastic holders
(Aerosoi Analysis Monitors). The Monitors consist of three sections.
The filter is held between the middle and bottom sections; Between the
membrane filter and the bottom section lies z support pad. The calibrated
pump, designed to draw a known and constant supply of air, is always |

connected to the bottom of the field monitor case. When-many loaded cases

- are taken into one particular area for sampling, a blank or control filter

(meaning a loaded field moﬁitor case) should be taken out to the area,
brought back unused and counted. This will determine what degree of general
contamination is present on the filters, - We have found that banding the
field monitor cases with cellulose bands greatly reduces the general
contamination of the filters. The bands may be purchase from Walter H.
Jelly and Company, Inc, They are white, opaque, size 41 x 25 and come
packed in solution S-132, Upon removal from the solution, the bands are
-slipped around the middle and bottom joints, or around all joints, depending
upon whether the samnle is going to be drawm throﬁgh the top section plug
hole, or the entire top section removed for "open" sampling, The latter

procedure is recommended for asbestos dust sampling since it results in a

* more even sample distribution over the entire cxposed filter surface,

Couvenicnd personal saupling pu ps, such as thuse distributed by
Minc Safcty Avnlizuces Co., Willson Froduzte Divisfon or Union Industrial
are excellent for short term, low rate (avound 2 1lnm) samnling, A samwpling
punp ic eonnoctcd to a 3 foot length of non-collzpeable, cne quarter inch,

rubber tubing with a male Leur slip adapter (stock number LUI/L, .evailabie

frem Becton, Dickson aand Co.) inserted into the other euwd, This enables oue to
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connect the hose directly to the case by simply inserting the adapter into
the plug hole at the bottom of the case.

Field monitor cases may easily be re-used. The plugs and all
sections are separated and placed in warm detergené water, The parts
should be scrubbed thoroughly and rinsed in tap water. However, if the
filters are to receive any chemical analysis, the caseg‘should also be
rinsed in distilled watér. The cases should be allcwed to dry in a cleann
area (a clean room is preferable), to reduce contamination. The clean
area s equally important when lcading the filters into the cases. The

filter pad (the thicker, fibrous disc) is placed in the bottom sectien.

The filter is placed directly cn the pad. The middle and top sections

are added, the case is pressed tightly together, and the top plug is
inseried, Replaceweni of Lhe Loitow plug IS uvl necessary. A celiuluse
band {s then place around the case and after the band dries, the urnit is
ready for samnling. Samplg code numbers, etc., may be written on tﬁe band
or upon the filter case, first making sure the markings can be removed when
and if it is necessary.

Additional information concerning filters and field monitors may be
obtained—from ¥Millipore Corpocration.

CALCULATION OF CONCENTRATION

Ten & sample 1s taken, pertinent information absut the samnle
§h0n1d be recorded at the sampling site, First, the samle nuvnbher sheuld
be written on the field monitor case and the sample ticket. Next, enter
a descrinfion of his oncration in the zopropriate space. If the sample is

a gencrz2l air saunle and deoes not pertain to any particulzr cuployee,
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write "general air sample" in the emplovee's name space; Information
about the ‘area may be written in the "description of operation" space.
If you have several pumms which are identical in appearance, but have
different flow rates, it would be a good idea to 5ssign them inétrument
numbers. This enables you to keep accurate records of maintenance and
califbration. Vhen instrument numbers are kept it is POt necessary to
enter-the flaw rate at the sampling site. It may be egtered later from
the record cards. Otherwise, enter the flow rate at the sampling site.
Vhen a number of filters are taken into a general area a controi (or blank)
is taken a}ong. This should be assigned a number and entered in the blank
number space. Do not assign blank filters duplicate numbers,

Yhen fhe sampling pump is turned on, enter the time in the “time on"
epace, While thoe camnle {fe heing talen malka natac af rantrale, 1.0,
.exhadst hoods, fans, window ventilation, etc. These notes should be entered

in the "description of controls"., The sampler should then sign his name

or initials at the bottom of the sheet.

After sufficient time h#s passed, Lhe sampling 1nstrumen£ sthld“h'
be turned off and the time recorded in the "time off" space. The difference
between “time on" and "time off" space. The "total air volume" may be
found by multinlying the flow rate (expressed liters per minute) by the
total time and recorded in the appropriste spsce.

After the szamle has been taken, brought back inte the lab end
mounted, the counting nrocccure is noxt,
The micrcrcone muct be properly set up. Ploce the slide to be

counted on the mechanical staze. Focus on the sawple a short distence away
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from the edge. Never count close to the edges of the filter because the
filter will spread a little and lower the count. Now, enter the date,
;ample number, blank number and field 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 S10pn £ibers,
then the >5n fibers and finally, all fibers seen, callqg 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 counted
to determine the average number of fibers per size range' per field,
By using 1nfofmation on these two sheets the concertration in fibers per

n

cubic milliliter may be celculated and entered in the "con.™ space oa the

count sheet.

(Av, Fiber Cnt.) (filter areay

Concentration =
oncentra (field area) ( Semple voluwe) (1000)

Av, Fiber Count: Average fiber count per size range S

Filter area: 855 mm?2 for 37 mm dia, membrane filters
Counting area: Reticle calibrated in cm?

Sample V;Iume: total time x flow rate, express in liters
1000 Converts liters to milliliters

If blanks arce used, subtrzet the zverege blank count of the soma

size ronge from the average fiber count,
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ADDRESSES

Millipore Field Monitor Cases (complete)
Cat., No, MAWP 03740

Millipore f{iter (V. Pads)
Cat. No, AAWP03Z7G0

Millipore Filter Corporation

Bedford, Masszchusetts 07136,

AM L

Porton Reticle

Cat, No, 30084 2
Patterson Globe & Circle Reticle

Cat. No. 30083
Edmund Scientific Co.
701 Edscorp Building
Barrington, New Jersey 08007

Wheaton Balsam Bottle
.. Cat, No, 2244
" -Arthur H, Thomas Company .
Post Office Box 779
Philadelphia, Pennsylvania 19105

Adapters, hose end for 1/4" tubing to male leur slip
Cat, No, L¥/L

Becton, Dickinson and Company

Rutherford, New Jersey

White, opaque, cellulose bands, 41 x 25
No, 28 ' 4 .
‘Walter H, Jelly & Co,, Inc, -~ =~~~ """~ °. - e R
2822 Birch Street
Franklin Park, I1llinojs 60131

Personal Sampler M, IT
Willson—Products Division
Reading, Penncvlvania

Monitaire Sampler
Mine Safety Apvliences Co,
Pittsharpl, Pennnvylvania

Unico Telematic Nodel C-1i0

Uafco Favircnmanlal Trdustries, Ine,
Fall Rlver, Massachursetts
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VIII. APPENDIX I

6
In the study of asbestosis conducted by Dreessen et al. 3 midget

inpinger count data were used ae an estimate of dust cxposure. All of
the dust particles seen, both grains and fibers, were counted since too
few filers were scen to give an accurate messurement., The resulting
count concentration wco a measure of overall dust levels rather than a
specific megsurement of the asbestos concantratién. This method was
satisfactory at that time since exposures were massive and the control
measures installed to reduce overall dust levels also reduced the asbestos
dust levels,

~ . As dust levels were reduced, it beca@g necessary Lo measure the
biclogically appropriate attribute of thé:d;st cloud. At eqgual levels
of overall ductiness, the concentration ofrasbeatos could vary considerably
from textile manufacture (75-35%) to insulation (5-15%). .Furthermo£e,.
“if the limit were lowered below the S mppcf used previously and dust
"counts taken by the impinger tachnique, it would be necessary to consider
the effect of background dust, which could be as high as 1 mppcf. |

A number of methods fér measurement of asbestos dust concentrations

have Leen used in the NIOSH epidemiological stﬁdy of the asbestos product

73,74,75,76

_industry. gfaed on these data, the preferred index of asbestos

exposure is the concentration of fibers longer than 5 yum counted on

71,72
membrane filters at 430X with phase contrast illumination. ' This

index is utilized in the method adopted as the standard field sanpling

_method by the Public Health Service.
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¥1zers longer than 5 pm in length are counted in preference to counting
e -2 £ibers seen in order to minimize observer/microscope resolving power
wirlzbility. Furthermore, the British define a "fibre' as a particle,

"~.Z length between 5 pm and 100 pm and having a length-to-breadth ratio

¢«f zz least 3:1, observed by transmitted light by means of a microscope

s

W

s~ = magnification of approximately 500X."

Although the British have refrained from standardizing on a single
rmezoo¢ of measurement, recent measurements have been performed by a
mer7od essentially identical to the fiber-count method described in
derz.l below, and the British hygiene standards for use with their

62

asi.<=:z 08 regulations are stated in these terms.

Priziinles of Sampling

£ dust sampling procedurr must be deaignad so that sazmples of
actu.:s dust concentrations are collected accurately and consistently,
The zxzsults of the analysis of these samples will reflect, realistically,
the czoncentrations of dust at the place and time of sampling.

Zn order to collect a sample representative of airborne dust, which

1 1lt.a:ely to enter the subject's respiratory system, it is necessary to

————

ynuir..on 8 collection apparatus near the nose and mouth of the subject

s¢ ta ris "breathing zone".

Tne concentration of dust in the air to which a worker 1is exposed
-*11 vrc-y, depending upon the nature of -the operation and upon the
.2¢ a7 work performed by the operator and the position of the operator
-tacirre to the source of the dust. The amount of dust inhaled by ¢

:war can vary daily, seasonally, and with the weather. 1In order to

————

p
-4z ~zoresentative samples of workers' exposures, it is necessary

- —— . Y

zoll.2ct gamples under varying conditions of weather, on different
ey TX TINER
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deys, and at different times during a shift.
The percentage of wofking time speng_;;.different tasks will affect
the concentration of dust the worker inhales since the different tasks
usually result in exposure to different concantrations. The percentage
can be determined from work schecdules and by observation of work routines.

The daily average weighted exposure can be determined by using the

following formula:

8 liturs (or actual hours worked)

(Hours X conc., task A) + (Hours X conc. task B) + . ete. h]

The concentration of any air contaminant resulting from an industrial
operation alsoc varies with time. Therefore, a longer sampling time will
better approximate the actual average.

With the following recommended samoling procedure, it is possible to

collect samples at the workers' breathing zones for periods from 4 to 8

hours, thus permitting the evaluation of average exposures for a half or

full 8-hour shift--a desirable and recommended procedure. Furthermore,

dust exposures of a more normal work pattern result from the use of

personal samplers. In evaluating daily exposures, samples should be

collected as near as possible to workers' breathing zones.

Collecting Sample

The method recommended in this report for taking samples and counting
fibers is based on a modification of the membrane filter method described

by Edwards and Lynch. 71

TX TINER
RMC0086768
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The sample should be collected on a 27-millimeter Millipcre type AA*

filter mounted In en open-face filter holder. The holder should be

—— —— e

fastened to the worker's lapel and air drawn through *the filter by

meang of a battery-powered personal sampler pump similar to those

approved by NIOSH under the provisions of 30 CFR 74. The filters are

contained in plastic filter holders and are supported on pads which

also aid in controlling the distribution of air through the filter.

To yield a more uniform sample deposit, the filter-holder face-caps

should be rcmoved. Sampling flow rates frocm 1.0 liter per minute (lpm)

up to the maximum flow rate of the personal sampler pump (usually not

over 2.5 lpm) and sampling time from 15 minutes to eight hours are

acceptable provided the following restraints are considered:

(a8 In order to obtain en accurate estimate of the number of

fibers the statistical error resulting from the random

distribution of the fibers must be kept to an acceptably

low level. Since fiber ccunts follow a Poisson distribu-

tion, a count of 100 fibers in a sample would have a

standard deviation of IUU or 10 fibers or + 10%. Thus

the 95% confidence limits would be approximately 2 tundard

deviations or + 20%. Since the 37 mm filter has an effec-

tive collecting area of 855 mmz and the projected field

b m—— o — o ———

area of the Porton reticle is 0 005 mmz, each field rep-

e e — . e - o e

resents 1/171000 of the sample. Based on this ratio the

w— - ——

following number of fields must be counted to measure the

various limits in varlous gcapling timaer 004253

*Mention of commercial products does not constitute endorsement by

the Public Health Service or U, S. Department of Health, Education

and Welfare. TX TINER
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Sampling Time Plow Rate Number of Fields for 1C0 Piba:rs
Minutes lpm 0.2 {4tors/ml 2.0 fibers/ml 10 filers/ml
10 2 4350 435 91
15 2 2860 286 58
30 2 1430 143 29
90 1 1000 100 20
90 2 500 50 10
240 1 260 26 7
: 240 2 180 - 18 4
} 480 1 180 18 &

58; (b) Do not count a field containing over 20 fibers because

in addition to the fibers being counted, there are also

present a number of grains, which interfcre with the

accuracy of the count.

Based on these restraints, {.e., number of fielda to be
counted and maximum number of fibers per field, acceptable

sampling parameters for the various iimits are underlined

in the shove table,

The following conclusions may be drawn from this analysis:

(1) The short-term limit should be for a period of at

least 15 minutes and preferably 30 minutes.

N ¢)) The 2.0 fiber/cc limit may be evaluated over

periods of from 90 to 480 minutes.

- '#fjkﬁ?As many fields as required to yicld at least 100 fibers should =

R T S P

PO

be counted. In general the minimum number of fields should be 20 and

the maximum 100.

TX TINER
Mounting Samnle RMC0086770

»

The mounting medium used in this method {s prepared by dissolvian

0.05 g of membrane filter per ml of 1:1 solution of dimathyl phthalate
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and diethyl oxalate. The indox of refraction of the medium thus prepared

is ND = 1.47,

To prepare a sample for microscopic examination, a drop of the

mounting medium is placed on a freshly cleaned, standard (25 mm X 75 mm),

microscopic slide. A wedge-shaped piece with arc length of about 1lcem is

excised from the filter with a scalpel and forceps and placed dust-side-up

on the drop of nmounting solution. A No. 1-1/2 coverslip, carefully cleaned

with lens tissue, is placed over the filter wedge. Slight pressure on

the coverslip achieves contact between it and the mounting medium. The

sample may be examined as soon as the mount is transparent. The optical

homogeneity of the resulting mount is nearly perfect, with only a slight
background granuldrity under phase contrast, which disappears within
one day. The sample should h- counted withii two d;ys after mounting.
Evaluat:on |

The filter samples mounted in the manner previously described are
evaluated in terms of the concentration of asbestos fibers greater
~‘than 5 ym in length. A microscope equipped with phase~-contrast cptics
and a 4-mm "high-dry” achromatic objective is suitable for this deter-
mination. 10X eyepieces, one of which contains a Porton or other
suifablépreticle at the level of the field-1imiting diaphragm, should
be used. The left half of the Porton reticle field serves to define

the counting area of the field. Twenty fields located at random on the

sample are counted and total asbestos fibers longer than 5 ym are

recorded. Any particle having an aspect ratio of three or Yreater is

considered a fiber. i

TINER
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The following formulae are used to determine the number of fibers/ml:

(1) Filter area (nmz)
‘ Ficld area (mm*®)

= K

(2) Average net count X K = fibers/nl
Air volume sampled (ml)

For example, acsume the following: area of the filter used was
855 mmz, counting area of one field under the Porton reticle was 0.005 mmz; ,
average net count per field of 20 fields was 10 fibers; and sample was

collected at 2 liters per minute for 90 minutes: Then:

855mme = 171,000 (K)
0.005 mm*®

10 fibers x 171,000 = 9.5 fibers/ml
2,000 ml/min x 90 min

Calibration of Personal Sampler

The accuracy of an analysis can L. .o greater thaﬁ the accuracy of the
volume of air which i3 measured. Therefore, the accurate calibra;ion of
a sampling device 1s essential to the correct interpretation of en instru-
ment's indication. The frequency of calibration is somewhat dependent on

the use, care, and handling to which the pump is subjected. Pumps should

be calibrated {f they have been subjected to misuse or if they have just

been repaired or received from a manufacturer. If hard usage is given

the instrument, more frequent calibration may be necessary.

Ordinarily, pumps should be calibrated in the laboratory both before

they are used in the field and after they have been used to collect a

latge.number of field samples. The accuracy of calibration is dependent

on the type of instrument used as a reference. The choice of calibra-

tion inatrument will depend largely upon where the calibration is to be

—— e ——

performed, For laboratory testing, a l-liter burette cor wet-test weter

T e STy - P

gshould be used. 1In the field, a rotameter is the most convenient TX TINER
RMC0086772
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instrument used, The actual set-up will be the same for all of these
ingtruments. The calibration instrument will be connected in sequence
to the filter unit which will be followed by the personal sampler pump,
In this way, the calibration instrument will be at atmospheric pressure.
Connections between units can be made ugsing the same type of tubing uséd

in the personal sampling unit. Fach pump must be calibrated separately

for each type of filter used, i1f, for examplc, it has been decided

to use a filter with a different pore size. The burette should be set up

go that the flow is toward the narrow end of the unit,
Care must be exercised in the assembly procedure to insure adequate
seals at the joints and that the length of connecting tubing be kept at

a minimum. Calibration should be done under the same conditions of

pressure, temperature and densii, gs will be encountered. The rotameter

ghould be used only in the field as a check if the diaphragm or piston
pumps sare not equipped with pulsation dampeners. The pulsating flow
resulting from these type pumps causes the rotameter to give results
which are not as accurate as that obtained with a bﬁrette or wet-test
meter. Calibration can be accomplished with any of the other standard
calibrating instruments, such as spirometer, Marriott's bottle, or dry-

gas meter. The burette and wet-test meter were selected because

of their accuracy, availability, and case of operation.



Zit .-y in dhem; food, dru

uZ, vesr industries Asbestus
T2ALE Na2E, SYLONYLS
907 of asbestos Weld is of chrwvsatil:
variely
CHEMICAL FAMILY ’ HANUTACTURER
FORIULA

Hagresium Calc1uﬂ Silicate

STRUCTURAL FORMULA

HAZAPD CLASSIFICATION ( } EZRPLOSIVE ) PULSOX ( ) COPZASIVE
( Y YLAOTROIID LINULID ) CONIRUSTIRLD LILYLD
( ) IRRLTAGT ( ) ORIDIZING AGLLT ( )

TOMTCIIY RATING SKIN 51 LT

J = Xone Acute Local

1 = 81izit Chronic Local

2 = Tadzrats

3 =High Acuté Systemic

U = Unknowm Chromic Systemic

Of 42 cases of mesotheliomas (rare cancer of pleura and petitoneum) one syr. period, all buc 11
aad sonme exposure to asbestos (10 worked in asbestos plant, 8 lived or worked closa to ashcstos
olant, 3 were fawmily members of asbestos workers, 10 had histcry of assomed exposure, 10 o

“novnt history of exposure) (5)Long-continued inhalatiou ashestosis (intestinal polzmcnary fibrosis)
Dizease is characterized by asbesros bodies in lungs and sputum. Based on xn-ray

w-Yays can He
;l;:si‘ie4 as mininal, moderate and advanced. It is a sevrious disease in some misZfones hut
L_T 2

uvsually just dlbuolin" unless some other serious disease sequences (J) Chi=f symptons

of aavancud asbastosis are variable cough, dysynea, substernal chest pains, cher. chest cipansion,
rernass, emaciaticn, clubbed fingertips and curved fingernails. Any appreciable dec. in am't

af ash2stos dust in breathing atmes. will cause dec. in incidence and severity of asbestosis.
iandiridual susceptibility varies (7, Hyg. Guide)

TX TINER
RMC0086774
Mzoplaszs, such as pleural and periiioned mesotheliorma, cccur im sucess cven among asbestos
ozkers with little nino radiological evidence of asbestosis, suggesting that exposurcs insul-
Iicient

=0 cause asbastosis may scill produce neoplasia. (22,23)
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SHYSICAL AND CLEIICAL PROPERTIES Sse Mineralogical Appendix of

Physical State-Masses, either compact or of long silky fibers, flax~lik

Color white, greyish or greenish
Cdor

Yapor Density {air = 1)
Yzpor Pressure (om Hg)
Specific Cravity (HZO = 1)
itelting Point

Boiling Point

Flash Point

Auto - iznition temp.
Vicsocity

Surface Tension
Lveporatioa Rate

lel

uel

Solubility - iI.0

lipids

.eactivity chem. inert and resists

Decozposition & Polymerization Products

e

Yaterials & Conditions to Avoic

attach by most chen.

TX TINER
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004259



~Pe oy TermuyTIN T AT AT
\JC&‘A—I&\-‘-‘- 4 J-LVI'CT;._"_T‘LVJ

Icgredients (Lf mixture or contains sig izpurities) 7 TV

wysniile (hydrated nagnesivm silicace) frem serpentin: = 937 of commercial ashestos

J

L
11092550, + 2H,0(12451 58570)

crocidelite (sodium iron silicaco)

amosile (iroa magnesium silicace)

Aremol;:e §0-20 mole % of (CH)ZCa:FeJSigﬂzz)
anthopayllite

actinicte

FIRE & EXPLOSIOCY HAZAPD

Fire - fighting Procadures

Personnel Protection (Clothiag, equipment, ventilation)

Storage & ilandlicg

Clean - up and Disposal

HLALTH fIAZARDS

v

LD,O (lecthal :lose 50)

1o (approx. lethal dosa)
ca

LCqq (lethal conc. 50)

LC.. (approx. lethal conc.)

TD (toxic-dose)

TXC (toxic conc.)

TFZ (toxic effacts)

3 Sampling period Biol.
TLV ‘ ppo ng/m (1/10 t/12) half-tize Ref.
AIC : 5 fibers/ml (longer than 5 )
S5MPPCF A (12,11) (1,.
Soue fealing this is too high (See TLV documentation and 17) : (13,14,15,1¢

‘over) o . - ' 004260 " TXTINER
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Crir ins sarysonile exposur: assuming 17 of asbestos Zuring 30 ¥r. worliin~ amupa

Dust catesory Chrysotile Conc. (av. of 3 Lrs) fivers in lengt
Yeglibible G.5

Low 0.5-2.0 limit of 100 fibers/ml yris

Mediunm 2-16G

dign 10

S5 mppef would provide inadeguate protection
2 might not be substantiated

Types of Asbestos (21)

Chrysotile - widely used in food processing industries (sugar, lard, beer),

are bundles of fibrils, each 200-400A dia and 1000 A to several micrometers long
pharmaceutical use as filter

Crocidolite - gas mask and cigarett filters

amosite

arithophvlilite

tremolice

dmount of asbestos in some samples of dvvgs exceeded tlinse in other env. circumstances
(such as in (21)) These were drugs to be given on IV, IM in IP.

Sources of Asbestoc incl. serpentine rock (chrysotile).. Industrial controls are necessarv
to provent air pollution, particularly in construction products, ship building and repair.(22)

Prod. (1962) Composition (%) Source

1000 touns Color Si _Mg Fe
chrysotile 1700 white 40 38 2 Canada, S. Africa,
occurs in S. Rhodesia, U.S.A.
serpentine rock Italy, Cyprus
Crocidolite 132 blue 50 -- 40 S. Africa (Cape)
occurs ia banded Australia
iron. stone
Amosite 75 brown 50 -- 40 S. Africa (Transuzal)
Anthoph¥llite 11 white ‘58 29 & Finland, Italy

004261
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Zlood TLV

Urine TLV

Breath TLV

Absorption Rata

Execretory Rate Am't of asbestos recoverad from lungs of persons occudatiomally e ernosed

has ranzed from 0.56-0.001% of lung wt. (24), with chrcotile asbzstos fiber lcw and amphibole
asbestos fiber genmerally aigh (23)

Critical Site (Locus of Action)
Inhalation, Alreolar membrane responds with production of chronmim interstitial pnemonitis (23]
see also 24)

Biotransformation Chrysotile asbestos tends to brezk down chem. and physically E ar pro-
longed Lid. residznce. Is chem. unstable every in distilled %79, and ag. sclu < 0.3 pi. Some

of its maznesiun will be leached out (24,25,26). The bundle of fibrils breaks open and thn
individeal unit fibrils are separated (27) (Not seen with amphibote asbestos) (often <0.5u)
Susceptible Individuals

Cenc., X Tine Response or Effect Species Ref.
Natural chrysotile )
0.03-0,2u-10.5 ng + 14 mg 907% mortalilz in 18 mos. . 55 pals. 3
0.2-1 udia. 1007 mortalilz in 24 mos.

Synthetic chrysotila firbrous also macrophage reaction with minimal stromal participation did
a0t collagenize
0.02-0.04 u dia. 14 mg + 45 mg. 227 mortalilz in 12 mos. 3

- ' 53%Z mortalilz in 24 mos.

Talc (tremolite

0.1-0.2 u dia 25 mg to 50 rats injected intratracheally 407 mortality in 6 mos 3
0.2 4 = high natural nickel content 447 mortality in 6 mos
0.1 4 = low natural nickel content

Alsc polypoid proh teratiose inflammuration which in time become callogenous scaes deforming
aiv ways amorphous magnesium silicate 75 mg intratrachally in 10 rats 10% mortality in 6 mos. 3
Proliferative inflammation considered artificial

004262
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Acute

Chronic esothelioma of the pleura accurred in 33 cases in S. Africa, all but one s-f<h 2
probabl: exposure to crocidolite asbestos (ape Blue) (32) Pleural calcificatioa from asbestos
exposure may occur. Appears usually bilaterally in pauetal pleura (x-ray) with no clinical
objective or subjective resp. symptons. (36)

Diagnostic Procedures A characteristic finding in asbestosis is asbestos bedias in lun
and sputum. The care of the body of an asbestos fiber is surrounded by protein deposits; un-
stained specimens are golden yellow or golden brown. They (in lung or sputum) ars not
stained by ordinary histological stories but may be demonstrated by Prussion bluz staining pro-
cedure (8). See also (9). After death when lungs examined by naked eye they are large and
deasely fibrotic. Often the lung is completely adherent to chast wall and in advanced cases to
diaphrogan with formation of a thick and extremely dense layer of fibrous tissue. 4 nain compli-
cations and segutae of polmonary asbestosis are purulent bronchitis, bronchial pneumonia, pulmonars

T IR T8 and emphysema (8)

an

Trzatment

Removal from exposure.

Medical Surveillance

Pariodic clinical exams for signs and symptons of asbestosis, mil-examinaticn of sputum

for asbestos bodies and chest x-rays (hyg. Guide) In gen2ral the lapsed period betwzen onset

of asbestos air pollution and appearance of neovlasin is 20,30, 40, or more yrs (22). Possible
variable parameters mid-intensity of exposure, Eiber varisty, size, compatitive risk of asbestos,
cofactors such as cigarette smoking, trace elements . . . (22)

Latent period rarely less than 10-20 yrs (30).

004263
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LUDUSTRIAL wYCL

l1

Datection of Odor

Environmental Coacentrations (including by-products)
Operations Being Used

Plants Being Used:

Range of Conc.
Poteatial Hazard 0.R. if * Average Conc. + =/ =a-1 TLV

Anaclytical Procedures
1. Qual. Analysis of Minerals by Solid Infrared Spectrosccpy for mineral idertification suppla-
ments usad instead of X-ray diffraction. Qualitative infrared spectra for amosite, crocido-
lite, tremolite, serpentine, chrysotile. (4) Procedure for X-ray difrfraction f£o chrysotile,
crocidoiite and amosite and applicable to quantitative determination in 1 8 mg range latte
2 and 1-10 mg range for chrysohé (37) (39,40)
2. Dust nay be sampled with electrostatic precipitation or by impinges method using alcohol or
alcohol and water as collecting medium (1,8) The index of refraction of chrysolite is only -
slightly greater than Canada balsam, so relief is low. Other forms of asbestos have nigher
irdices of refraction. Extinction is parallel except in case of tremolite which has obligue
axtinction. Bizefunzence of chrysotile is noderate n; - no = 0.03. ax interferences color
~ is yellow of the lst order. (8, see 10). TLV is bored on impinger sampliag procedure.

Environmental onitoring TLV is based on fiber count, but LM observations that would be
counted as a article, by the EM 1is seen as numerous fibers (fibrils) attached to the surface
>¢€ particles., In such circumstances any biol. effect of the fibers could be incorrectly
attributed to particles (22). Each asbestos fiber variety is quite different. Chrysotile
fiber for ex. is not a unit whole but i3 composed of a number of 300-400 A fibdrils. In
industrial situations one has some idea of the ratio of optically visible fibers/total chrysotile
pop. Nor so in ambient air. Probably region EM to get this ratio and then use dp if in
sccupational setting. Ambient air reguines EM with magnification of at least 20,00C aand probably
over 40,000 x (22) What is seen by light microscopic methods often differs from EM observations
(or 1/100 fibers present in air could be seen with LM as compared to EM) and that resp. size frac-
tions need not have some size and ist or properties as thosz in gross overall sacple (24, 28)

(over) - 004264 X TAINER
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Aralytical Methods

38) reports a procedure for separating respirable dusc fraction (< 10u) from
settled dust, dust collected with hi-vol and electrostatic precipitatas sanm-
plers. The chem. and physical natures of the respirable fraction can then
bz analyzed. This method has been applied to asbestos and has shown *that
the chemical cemposition of the f{raction < 10y may be quite different from
the parent material.

The results of our surveys of 9 asbestos textila plants reveal that dust conc.
as measurad by impinger are generally below TLV. Estimates of relative dusti-
ness from membrane filter samples were in good agreement with those made

from impinger samples by either conc. or body burden methods of graying. Both
show approx. some variance. A gross airborne mass conc. of asbestos equiva-~
lent to 5 mppct would be on the order of 1 mg/m » and respirable mass conc.

as determined by_elucriator and cyclone, would be in the order of 0.5-0.6 mg/m3
and 0.3-0.4 mg/m” respectivaly. The impinger is as convenient as any other
method of sampling and no less accurate. However the hygiene criteria is

based on largely grain counts while the fibers are thought to be the cause

of disease. For this reason the counting of fibers on membrane filtars appears
to have an advantage, esp. in industries where asbestos is only a small
fraction of the aribaine dust. (41)

Sampling

The impinger method is not adequate for obtaining a statistically useful in-
dex of auharne fiber conc. i.e., that part which is most relevant to dis-
ease~-causing mechanism. The impinger has a collection eff. related to
aerodynomic sizz of particles and is not efficient for particles with

- falling speeds < 1 1 unit density spheres. Further the 10x objective, light

field, counting technique used does not resolve particles much smaller than

1l u. It is est. that Vv1/100 fibers in the air as seen in EM was seen in im-
pinger samples. Impinger counts are based to larga extent onm grain counts.
But the falling speed of fibers dependent on dia only when aspect ratios 710;
It is possible for much larger and heavier objects to penetrate deep into the
lung if shaped as fibers than in the shape of grains.

Using membrane filters pare sizes of 0.8 i, almost 100% eificiency is ob-

- tained for fibers down to several hundreds of a micron. The fibers are
‘rendered transparent witn 1:1 dipthyloxalate and dimethylphthlate I counted

with 4 mm objective (430x) under phase contract illumination.

When impinger samples give conc. of a 5 mppef, membrane filters conc. are
as follows: total fibers = 50 fibers/cc.

fibers longer than 5 u =30 " "

fibers longer than 10u = 15" "

A goal of 4 fibers longer than 5 u/cc has been mentioned for English
asbestos textile mills, approx, equivalent to 1 mppcf by impinger count
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witich is very near the lower practical lini: of s
Wt. method of analysis suffers from some dofect

Recovery of chrysotile asbestos frcm lung tissu2 always low; recovery of
amphibole asbestos generally high in human lungs (25).

Asbestos insulation workers have comparatively light asbestos exposures as
asbestos trades go. Many of the material they use contain little or no as-
bestos and others 53-15%. What few dues exposure surveys have been done

nave generally been within the 5 mppcf TLV. When exposure is reduced, eearly
death from asbestosis decreases, and lung cancer becomes more common. Light
exposure may come from industrial exposure and/or community asbestos air
pollution. In this study it was shown that there is an extraordinary risk
of developing and dying from lung cancer for asbestos workers who smoke
cigarettes regularly. In the group studied, the combination of asbestos ex-
posure and cigarette smoking v 90x compared with men who neither work with
asbestos nor smoke. (29).
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SYMPTONS -

Asbestosis:

Crest x-rays disclose abrormalities in only 103 of those exposed <10
years and in 44% with exposuras 10-15 years. These abnorralit2is tended to
be minimal. 72% abnormalities cof exposures 20-29 years and >307% of 730 years
exposura. Asbastos rearely orovokes an acute inflammatory reaction, but usually
siowly prograssive fibrosis (that is apparently irrversible). The fibrosis
is of tnhe d1f*us° interstitial type which may not be readily apparent on x-rays
and sormetimes not extensiva.

The cardinal clinical finding is dysprea, but these are not early find-
ings (<10 years exposure, 1% dyspnea, 10-19 years - 28/379 dyspnea, 40 years
exposure, 1/2 had dyspn2a, usually modarate to severe) Finger clubbing,
cyanosis and extensive {ine basal rales all tend to develop very late.

The pulmonary physiol. difert in asbestosis is a pattern charactaristic
of alveolar - canillary block syndrome with red. VC, fairly well preserved
max breathing capacity, dyperventilation at rest and particularly on exercise,
dec. diffusing capacity of lung, impaired oxygenation of arterial blood and
red pulmonary compliance. These also appear late in the disease, even the
V.C. is the most sensitive index of disease progression. (30)

Lung Cancer:

~1/5 of every asbestos insulation workers likely to die of bronchlogenic
carcinoma. Risk of Tung cancer 6 - 10x in asbestos workers expected rata.

Latent period - long 13-32 years usually >20 years. Latent period not
necessarily same for fibrosis and cancer. Fibrosis varies with intensity
and duration of exposure (lung cancer too to some extent). Inc. exposure
may result in less lung cancer.

M2sothelioma:

neoplasms of plernal and peritoneal cavities shows strking @ssociation
with asbestos exposure. Latent period >20 years, generally >30 years. iio
reguiar correlation between severity of asbestosis and occurrence of mesothelioma
(often occurs with no x-ray evidence of asbestosis.) .

Other Neoplasms - cancers of stomach and colon may be inc.; latent period
lung cancer and mesothelioma.

Pleural Calcification:

720 years latent period; 7 1/2 of men with >40 years exposure. It should
be noted that pleural calcification of limited extent and rad1osens1t1v1ty is
usually not visible in the x-ray film.

It appears probable that the asbestos fibers inhaled largely remain in

place with the result that tissue reaction to the retained fiber goes on even

in the absence of continued exposure. The effect is cumulative over the expo-

sure years. Thus, a workman continually exposed for 25 years has a body bur-

den of 25 years, which removal from exposure cannot effect. TX TINER
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(30) There is some evidence that if exposure ceases at an early stage

progression may be slow or even arrested. (3]§ 68
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Occuyat1cna1 history is essentiai for diagnosis, particuiarly in instencas of
(1) intarstitial pulmonary Tibresis of undzt. O“1u11 2) plaural calciticaticn,
3) wasothelicnia 4) alveolar - capillary bicck syndroma, 5) ifung cancer and
g) fi w?t1; nieural plagues. History of most 1 wterasts 1w work 20-30 years bo-
fore. 30

Asbestosis - Clinical and x-ray findings.

Cough and breaathlessness are early findings. Cyanosis cosmon, ciudbing
prominent. Fine basal roles are cnaracteristic. Sputum is un in unzon-
plicatad cases. Asbestos bodies in sputum are sign of exposur2 - not asbestosis.

Pulmonary function - low total lung capacity, low vital capacity without avidence
of airway obstruction, red. culmanary compliance and diffusing capacity, reducad
FYC with normal or inc. FEV/FVC ratios.

X-ray in advanced - cases loss of dafinition between lung and pleura and paricardium
Early signs? - pleural thickening, linear markings in periphery of lung filds,
not in line of vascular shadows;

Bronchial Carcinoma -- appro. 1/2 of patients certified as having asbestosis die
of bronchial carcincma which niore often arisas in lower than upper lotes of lungs.

Mesothelioma - tumors wnich affect both pleura and peritonerm, spreading rapidly
over serosal membrane, infiltrate adjacent tissue and metalize to regional lymph
nedes and less often to distant sites.
Aug. latent period 30-35 years
Onset oftan with acute dyspnea due to rapid accumulation of a pieural evfu-

sion. Pain often severe. Tumor may infiltrate chest wall. In peritoneal tumors
symptoms more varizad - dysuria with pain on defazcation; upper abdominai pain is
coemmon and ascites always present terminally.
Course of disease rapid (approx. 2 years from onset to d2ath)
%o {ar no effectiva treatment.

31)

The mest freq. complication of asbestosis of the lungs are, besides thickening of
pleura and compensatory emphysend, the non-specific inflaminatious cof the peridronchial,
per1bronch1ectat1c and broncihopneumonia type. Esp. the latter must be difrerentiated
from lung cancer in asbestosis. An active pu]monary 73 as accompanying disease of
asbestosis been found in 4.4% of 343 cases, which is higher than general pop. in
Germany. Lung cancer in asbestos workers not more freq. than bronchrogemic carcinana
in.total pop. It can be distinguished (by x-ray) from bronch1og°n1c carcinoma

of other genesis only by relatively more freq. occurence in lower lobe. ({33)
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Asbestos and Maenophages -

Two features distinguish the macrophage response to {ibrous asbestos fronm

the reaction to crystalline silica - giant ca2ll transformation and forma-
tion of iron-encrusted asbestos bodies. In lung organ cultures, alveolar macropnages
take up dust particles with marked inc. dxX exposures. Within 2 hrs. sore asbestss

had escaped fpop phagoscmes and lay free in the gytoplasm; subsequently the lysosomal



meybranas collapsad and contractod around the dust particle

Jes Torwing dans2 Hodies
vihich also contained lamaliar derivativas of cyto. inabranes. luiiinucizate gianc
calls seen at 24 hrs. and persi-ted unchanged through out 10 dap exp't. Some of
the macrophafas appearad to differentiate into fibroblasts, the ranid destructison

of phagorytes that characterizas resoonse to silica not ocosarved.

The golidan-brown bodies found in pulmonary asbestosis thought toc consist
of asbestes fibers ccated by arotein and iron. Thougnt to form within macropgna

by deposition of ferritin molacuies around pnagocytized material. Crysctaila
asbestos instilled in hamsier lungs was rapidly taken up and segregated in macro-
pnagic phogosonas; 16 days later hemosiderin granules appeared, each surroundad by

a limiting mambrane and scattered uniformly throughcut cyto. By centinuing migration
and secretion of iron micelles the asbestos phagosomes wera convertad intc asbestos

?od;es, a process that may serve to neutralize toxic effects of asbestos carticie
34).

gGes

Chemical Analysis of Crocidolite and Amosite (Cape 81uea Asbestos)

fram S. Africa (32)

Crocidolite Anosite
$i0y 51.94 - 49.47
A1504 0.20 0.63
Fa,03 18.64 4,15
FelO 19.39 35.63
Mg0 B 1.37 6.57
CaD 0.19 0.52
Nao( 6.07 0.02
K0 : 0.04 0.20
Ho0 0.31 l 0.07
Ho0 + 2.58 2.33
Tigp e=--- 0.25
1 0.61
F _=mma- 0.0
Total 100.73 100.46
RVE0008TH
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Oroanic Contaminants in Ashestos -

The organic content of commarcially nillad Canadian chrysotile ranged from

0.5 - 20 mg/100 gm. The contamination nostly occurred in the mining and
milling process with field specimens (0.1 - 5 mq/109 gm) relatively free of organic
matter. Extraction with benzene revealed 81.94 - 85.03% C, 11.47 - 13.14% H and
monor amounts of other elements. IR and CC confirmed m-2lkanes as the major con-
stituents; Tew conc. of pclycyclic HC with soime of these compounds (fluoranthene,
pyrane) at conc. 1/1000 of levals found in jiontreal 1970 Smcke sample. A moncmole-
cular layer of a nydrophobic compound such as an n-alkane on fibers or particles
may influence solubility, their removal, or the biol. response to them. Compounds
which are meakly absorbed by activated alumina (predominantly straight chain alphatic
and aikyl aromatic HC) can act as accelerators of carcinogenesis (accelerators inc.
snarply as chain length of n-parraffirn inc. from 8 to 10 C atmos.) (42)

Metal Content ug/q mqg/a % frflietals recovered in serum solute
N1 Cr_ _Co n_Fe Si02 Ni Cr Co iin
Chrysotile A 2% 10 1844 1488 53 714 19 .08 13%2 8% =--- 20%
{ground) 30% 10 1290 1050 33 245 7.1 .04 _
Chrysotile 8 6% 10 1563 °"999 60 650 16.2 .10 17% 7% --- 28%
(around) 41% 10 665 238 23 277 5.4 .63 :
Crocidolite 12% 10 139 239 10 2324 158.8 2.88 338 ~-- --- 7%
(ground) 87% 10 30 34 11 820 144.8 1.60
Amosite 12% 10 105 178 7 14440 131.4 4.2 25% === --- 3%
"~ {ground) 90% 10 79 65 8 12650 158.1 1.5
Anthophyilite 12% 10 414 3P 27 24 17.0 .09 8% e=- --- 5%
(ground) 90% 10 397 407 18 752 14.2 1.12
(43)
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