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ABSTRACT

Asbestosis, a lung disease caused by long-continued inhalntion of
asbestos dust, was the principal physical defect found on medical
exuninution of 541 men und women employed (or recently employed)
in three asbestos textile fuctories. The primary eflect of ushestos
dust seems to be initiation of fine, interstitinl, pulmonary fibrosia
which was not observed to progress as far as the nodular stnge.  This
fibrosis wans observed in post-mortem exnminations of three former
usbestos workers,  During life, lung fibrosis can be detected by X-ray
examinution.  The more important symptoms of asbestosis are pro-
gressive dyspnoea, varinble cough which sometimes raises blood-
strenked sputum, and loss of weight, The processes that produce
dust in asbestos textile factories were studied and recommendations
for dust control are incorporated in this report.  Enough dust counts
(242) were maude in nll parts of these factories so that the dust ex-
posure of each worker can he estimated.  The percentago of persons
in dilferent occupationul groups who were affected by asbestosis or
any of its symptoms varied with the avernge dust concentration to
which they were subjected and with their length of employment.
The only cuses of ushestosis, thres in number, found below 5 million
particles per cubic foot were dingnosed as doubtful; well-estahlished
cnses oceurred at higher concenteantions. 1t appears from these duta
that if ushestos dust concentrations in the uir breathed are kept below
this limit new cnses of nshestosis would not appear.
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A STUDY OF ASBESTOSIS IN THE ASBESTOS TEXTILE -
INDUSTRY
1 W ‘mmdeg-gyieny
INTRODUCTION

Several important properties of ashestos have led to its widespread
use in industry. As everyone knows, it is noncombustible nnd an
excellent insulutor against heat and electricity. Fewer people seem
to bo aware that its fibers are sufliciently long nnd tiexible to be carded,
spun, and woven like wool, flnx, or cotton.  Utilizing these properties
of nshestos, industiies have been developed in this coontry which
employed more than 6,000 men and women in slightly more than 60
estublishments in 1935.

Another property of asbestos has been discovered more recently.
When asbestos dugt is inhaled duily, year in and year out, u lung
disease termed usbestosis may develop.  In many respects asbestosis
resembles silicosis, but it differs from silicosis in several important
particulars which will be discussed in the medical section of this
report.

The first record of a ense of asbestosis seems to have been mmado by
Montague Murray in 1900. The first complete deseription of the
disease and of the “curious bodies” seen in lung tissue and sputum
appeared in 1927 when Cooke (9) and McDonald (22) reported two
enses of nshestosis nnd listed their reasons for helieving that asbestosis
bodies originate from asbestos fibers that reach the lungs.  The pub-
liention of their papers aroused general interest in the subject and
numerons papers appeared soon afteeward.  Hoffian (46) appears to I
have been the first American to call attention to the magnitude of
the asbestosis problem.  1n 1918 he reported thut 13 deaths from
usbestosis had occurred among ashestos textile workers, nnd abont (he
snme time Panconst, Miller, and Landis (29) reported on 17 enses of
asbestosis.  Mill's (26) paper was the first pathological report on o
ashestosis published in 1« Viited States, and in the same year, 1930, )
Lyneh and Smith (35, reported on asbestosis bodies found in the '
sputum of ashestos workers. . ' .

Becnuso severnl satisfnctory literature reviews of nsbestosis have *

appeared in recent years there seems to be no need to present a com-
plete literature veview in this report.  Some of the more useful litera-

ture reviews have been listed in the annotated biblingraphy. In
Merewether’s (25) review emphasis is laid on the relation of ashestosis
1)
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to working conditions.  The clinical aspects of the subject arve well
treated.  Gloyne's (16) dise n of the pathology of asbestosis is
particulurly helpful. Middleton’s (47) Miliov lectures on pnewno-
coniosis contain a section on asbestosts.  Eghero 680 has summarized
tho liternture reports on 28 futal cases of asbestoas.  “Active pul-
monary tuberculosis was preseut in 6 instanees of the total 28 cases;
the fatal outcome was primarily the result of tubereulosis in 3
instances.”

OBIECTIVEY OF THE STUDY

The Public Health Servico was requested by the State Bourd of
Health and the Industrin]l Commission (administrator of the Work-
nen's Compensation Act) of North Caroling to assist them in making
an engineering and medieal study of health hazards in the asbestos
testile industey.'  ‘The objectives of this study were threefold: (1) To
ninke nomedical study of the effects of long-continuesd inhalation of
ushestos dust on the human body; (2) to identifly the manulacturing
processes that create dust and to recommend practices and, when
necessary, equipment that will reduce the dust exposure of workers;
and (3) to find out what coneentration of ushestos dust can be tolernted
without injury to health, ’

FER represonts one of the st uses of Soctal Sectnity funds for o coperative projeet cmried on by the
Public Health Servico und u State hewlth departient.

THE WORKING ENVIRONMENT

METHOUS ANDINSTRUMENTS USED IN THESTUDY OF THE WORKING ENVIRONMENT

The evaluation of the working environment und its relution to the
health of workers forms the basis of all field investigutions conducted
by the Division of Industrinl Hygiene. The procedure followed by
this Division is deseribed in Public tlealth Bulletin No. 217 (2).
‘Fherefore, only a brief discussion of the subject is presented in this
report.

The study of an accupational dust problewn beging with a preliminary
survey designed to obtain date on sll the occupations in a given plant.
It includes the number of workers employed in ench occupation und
the mnterinls used in ench process. The survey ulso reveals the
number of workers exposed to a given huzard.  Following the pre-
liminury survey an evaluation of the occupational environment is
made.  In the dusty trades this includes o determination of the
nmount of dust present in the nir, its composition and particle size nnd
the measurement of the effectiveness of exhaust systems where 11y
are used to control dust hazards:  The lutter, in this instance, invols cd
airflow mensurements of severnl exhaust systems by means of u pitot
static tube.  The effectivencss of these systems was determined by
dust counts.

THE MANUFPACTURE OF ASRENTOS TEXTILES

Approxinntely 90 percent of the asbestos used in theso plants
is obtnined from Cannda.  ‘The remaining 10 percent comes from
Arizona or South Afrvica, and, infrequently, from Russinn and Aus-
traling sources. A

Much of the machinery that is employed for the manufucture of
ushestos textiles is identical with the machinery used for the produetion
of cotton und woolen goods,  Crude asbestos fiber is sent first to the
preparation department and then, in the order nund, to the carding
machines, spinning frames, winding bobbins, twisting machines,
spooling frames, and finully to the looms und miscelluncous fabricating
devices,

The four plants investignted in the present study full naturally
into two clussifientions.  Two plants convert ernde asbestos and raw
cotton into ashestos yurn and woven gouods, but do not prepute the
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ashestos masses into individual fibers and removes some of the rock.
The ashestos fibers that are retuined are delivered directly to a storage
bin or conveyed to one by pneunmatic duct.  (See fig. 4.3 The ma-
terinl fulling to the floor is sereened in order to separate the grit from
the short fibers.  The grit is sold to cement munufucturers and the
short usbestos fibers to puint, puper, and roofing wanunfucturers.
The willower is fed manually by a lnborer who lifts the crushed
asbestos into the willower hopper by menns of a pitehfork.  The
beating and combing action which takes place within the machine
produces a lurge nmount of dust which escapes from the loose-fitting
enclosure.  The production of dust is incrensed when waste asbestos,
recovered from the cyclone separators which form a part of the dust-

FIGURE 3.—MILL FOR CRUSHING ASBESTOS FIBER.

removal system, is willowed for recluiming purposes.  This latter
operution is culled Hly willowing.

At one of the plants studied, the willowed asbestos is passed over
vibrating screcn.  This operntion insures a elenner product, sinco
additional grit und short fibers are removed.  Where a sceond screen
is not available the ushestos amy he pussed thuough the willower a
second time, a practice which is followed nt two of the plants studied.
The screening of nshestos is w decidedly dusty operation.

Mizing - The nsbestos libers consist of blends of various grades and
often nehwde a certain amount of waste recovered by the fly willower.
This process is followed in order to obtain end products with the char-
acteristics demanded by the murket.  When g batels of ashestos has
been made, it is then mised with cotton.  Asbestos fibers must he
mixed with cotton before they ean hie spun and woven.  The nmount

7 .

of cotton v Adepends upon the quality of the willowed ashestos
fibers used.  As a rule, (rom § to 18 percent by weight of all the asbes-
tos textiles produced in this country is cotton.

Piling.— At the plants studied, the mixing is nccomplished in two
sleps, the first consisting of plucing the cotton and asbestos in alter-
nate layers in a pile upon the floor, and the second step of feeding the
mixture into a picker machine.  The hatch making, or the placing of
the cotton and asbestos, is known as piling. 1t is productive of much
dust since it is necessary to spread out both the cotton and asbestos
into uniform layers, which involves the use of n sako uhd much
teampling of the mnterialg.

Picking.— After the mixture is made, it is lifted into the breast-
high hopper of the picker machine. ‘Fhe material emptied into the

FIGURE 4.—FLY OPENER OR WILLOWER (NOQTE EXHAUST).

hopper displaces sir in the hopper which enuses dust and fibers to
esenpe upward into the face of the worker.  Tn addition, the eylinder
and accessory rollers of the picker machine operate at a high speed
and much fine mnterinl g0 Hom the nny small openings in the
framo.  The dust that 1+ vwned out of the innchine, together with
thut produeed in the feeding operation, mnkes the pickerman's ocen-
pation compurntively dusty.  In some plants two pickers ure oper-
ated in series and in others only one, through which the materinl

may bo passed severnl times.  In either ense the picker discharges

directly or by pneumatic duct inte a collector bin.  Where only one

machine is availuble, however, the pickerman must move the material

by pitehfoak from the collector bin to the floor of the picker room for

its recireudntion through the picker. At ane of the plants studied

there nre two pickers operated iy series and connected by pneutontic
FL I L
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ducts.  Here the collector bin is also the stornge hin,  In order to
provent the mixed material from acenmulating in a steep pile a man
is stationed in the stock bin ut ull times.  This occupation crentes
considernble dust, since the cotton-asbestos mixture is delivered into
the bin by overhiend duct discharge. 1In order to reduce the dust
exposure of the stock-hin man, his position is made interchangeablo
with the pickerman, ench of whom spends s half of overy duy in the
stock bin und a half duy nt the picker. In the plant having only one
picker, the mixture is truched from the collector bin to the storage bin,
At one of the plants studied, exhuust ventilation is provided for the
picker machines and the mixed stock storuge bins. Oil sprays are

I'IGURE §. - EXHAUSTED CARDING MACHINES.

frequently used within the picking machines in an attempt to prevent

the formation € dust.
CARDING

From the sturage bins the stock, as it is called, is hand-trucked to
the curding ma. hines where it may be piled upon the floor or fed into
the hopper of 15 ¢ breaker curd.

The eneds peorform several duties.  They give the tibers an addi-
tional inining, s reauge them in parallel positions, and form them into
roving.  ‘The tm roving is applied to the strands of parallel fibers
thut are produced, A earding unit consists of two almost identicnl
mwinchines. T one thiongh which the cotton-nshestos misture pusses
first is termed the brenker eard, and the other, the finishing card. The
two machines are quite similar in that o lrge revolving eylinder with
several necessory ollers performs the mnjor portion of (he work,
(See fig, 5.)  The carding operation is quite similnr to that of the

9 .

picker, the - . fugal dilference heing that the roller and cylinder sur-
fuces ure studded with fine steel bristles rather than lurge hooks.
Somo of the rollers straighten the fibers by combing out the tangles,
whilo others doff, or remove, them from the combing rollers and the
cylinder,  Aside from these muin fentures, the two units differ slightly.
The brenker card is equipped with u feeding hopper similar to that
used on the picking machine, while the finishing eurd is provided with
a devico for forming the carded fibers into strands.  In the plunts
studied a system of conveyor lattices transfer the carded fibers from
ono machine to the other. The outsile strands of roving'wo returned

-~

ol 5.{;

FIGURE 6. —SPINNING MULES.

to the picker for reworking. ‘The remainder of the roving is wound
on Jong rollers with Munged ends, called juck spools.

The bristle-studded eylinders of the carding machines revolve at
high speeds and much lint is thrown into the atinosphere.  The elfect
produced by the revolving cylinders and wheels is similar to that of o
fun, und as a result much of the dust remaining on the stock at this
point, as well as asbestos and cotton fibers, is blown into the air, Al
enrding muchines studig] . ere provided with exhuust ventilation.

Whilo practically all o .‘i'u_ tonving is spun into yarn, somo of it is
mwrketed without further processing other than winding on spools or
into coils. 1In this form it is used for electrieal msulution and for
conversion into pucking for machine bearings.

BPINNING

The jack spools containing the roving may be conveyed cither to the
mule spinning muchines shown in figure 6 or to the ring spinning
frumes.  The spinsing, on whatever machine performed, is a twisting
operntion which imparts strength {0 the strand of fibers by inter-
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locking or meshing them together.  The ving spinner twists the roving
a8 it is woutul on o spindle, while the mule spinner performs the snme
trentment in two operations; first, spinning it in 5- or 6-foot lengths
and then winding it on a spindle.  ‘The ring spinner makes a yurn that
ig stronger and better in many respects thun that produced on tho

mule spinner.
WINDING, TWISTING, AND BrOOLINY

The spun yarn is converted into stronger thread in ¢wo operations,
It is taken first to the winding machines where it is trunsferred from
spindles to tubes.  After being wound on tubes, the yarn goes to the
twisting machines where the thread from tvo or more tubes is brought
together and twisted into one thread.  In the twisting operation the
thread is frequently strengthened with brass, zine, or copper wire, or

FIGURE 7 —TWISTING MACHINE.

with cotton twine.  Following the initinl twisting operation the ynrn
iy veturn to the winders for placing on special tubes, in which foim
it s wmarketed.  ‘Then ugain, it may bo conveyed to the cop or twill
winders where it is wound into spindles for use in the shuttles of the
looms.  Theroe nre w variety of winding operations that prepare the
yarn in some particulnr munner for the market or for use on certuin
types of machines. Likewise, there are n variety of twisting and
spooling operntions.  (See fig. 7.)

The winding and twisting of the yarn is followed by a number of
more or less reluted opevations.  ‘The thread mny he converted into
cloth, tape, wick, inke lining, tubes, beaids, or fored into 1ope.
(See figs. 8 and 8.) A snull amount of the product of the winders
uid twisters i3 treated by passing through a sizing compound, and
subsequently dried on reels before being wound sgain on tubes for the
market,

1 :
H) WEAVING

The weaving of ashestos is done on looms thut operate in the con-
veutionnd manner.  Both cloth looms and tape looms are used.  (Sce
figs. 10 and 11.)  On the latter, brake lining, asbestos tape, and wick
for oil stoves are woven.  The tape looms ditfer from the ¢loth looms
in that the warp is segregnted into severnl strips of materinl and in
that there is n shuttle for ench strip of warp.  The wenving of all strips
proceeds simultuncously ; one mechunisi operates all shuttles and a
single reed sutlices for
all warps. Looms
for tape weaving are
made in multiples of
G spaces up to as
many as 30, Both
dry and wet weaving
ure employed for the
production of  both
cloth and tape. In
wet weaving the warp
is passed (wough u
stmllow pan of water
und the cop (for usein
the shuttle) is dipped
into walter,

Dry weaving of
brondeloth produces
mieh Hint and dust,
The threads of the
wurp are continuully
rubbed past eacl
other ns they are
moved from positions
nbove or below the
line of the shuttle
which is shot from o
one sido of the loom .
to the other at each chunge in position of the warp,  Fiber frngments
are rabbed from the threads at each chnnge in their position and the
fanning of the air by the moving muchinery earries them into the
atmosphere i and ahout the loom.  The sumoe machines are used for
hoth wet nnd dry weavipg.

In the manufactuie of ashestos woven products at some of the
plints studied, the wurp is formed on individual fooms by harnessing
the thread Lo many spools which ave hung on ereel mmeks, At others

IGURE 8 ~EXHAUSIED BRAIDER
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the warp is first wownd on s beam from the individual spools and then
translevred (o the looms.  The lntter practice smakes n more compact
wenving unit as ereel racks occupy reveral times as much floor space
ns the oo, The creel racks nre attended by o worker who is kept

FIGURE 10.— BROADCLOTH WEAVING LOOM.

busy tying broken threads and replucing empty spaols with full ones,

The oceupation involves an eaposmie to asbestos dust for which the

looms ave lavgely responsible.
The ashestos cloth is usually shipped to firms that convert it into
gashets, fireproof clothing, und other products that require a non-

13

combustible f)uic Some asbestos wick is pucked for the market
without fwiner treatment.  Ashestos tape is usually sold to other
industries. Some plants that weave brake bands sell it as a crude
woven ribbon of fubric to finishing fuctories, while other manufoe-
turers of the materinl convert it into finished products.

- FIGURE 11.—BRAKE-BAND WEAVING LOOM SHOWING THREE OF THE SiX SECTIONS WITH
) WOVEN BANDS.

BHAKKE-BAND MANUFACTURE

The munufacturo of brake bands proceeds in sevoral steps, the
first being the impregnation of the woven fabric with either an us-
phaltic compound or w vegetable resin, - The lntter is the newer form
of trentment and is rapidly supplunting the former.  Following this
operation a heat treatment is applied in a specinlly constructed oven,
In practice tho ribhon of woven ashestos pusses first into o vat of the
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treuting substances and thenee immedintely into o baking oven.
Theso operations are enrvied on in u building that is well veantiluted
and which is removed from other struetures sufliciently to teduce the
fire hnzavd.  The treated ashestos fabric is now calendered into
uniform width and thickness und one surface is ground smooth.  The
brake-baund material is next cut into saitnble lengths and holes drilled
into them according to pattern.  Finally, the finished brake bands
are branded and packed for the market.

In some plants molded brake bands are muade of asbestos yarn and

FLOW SHEET
British Practice
iCcpitul letters
suployed to denote
processes that ere

Crude Asbeatos

pot in use i{n the Crusher
Asarican plents in-
volved in this study.) Ill?]l ,

MAGNETIC SEPARATOR

SHAKER SCREENS
(ROTARY THREE COMPARTMENT
scrimcs)

FEEDER ‘ll)l

Wil wes
{BRITLSH INF(UY VERTICAL
N WILLOWER KNOWN AS A
Rew cotton clesncd in CREIGHTON OPENER)
opener snd picke. -

converted into e roll Screening

of felt known ez “laps® Americen practice - | (SIEVING - BRITISH
cotton added st TERMINOLOGY )
this point followed ¥

by Picker mixing " Stock Bios
————— Carding Machlnes 4_—-‘

Roving

Remsinder of flow
sheel sluiter to
that for American
practice.

FIGURE 12 --FLOW SHEET OF BRITISH PRACTICE.

n synthetic resine ‘Fhe process consists of pussing ashestos thrend
through o buth of rezinous material npd inunedintely winding it upon
w spool or eybinder.  Enowgh of the resin will ndhere to the ashestos
to form a sntix into which the ashestos thicad will be imbedded.
When the desited thickness is obtained, the spool or eylinder is given
w hent tieatment which hadens the resin. Phe baked cylinder of
waterinl is removed fiom the spool and cut into nunow seetions, "Tho
circulur bands thus formed ave ground, snchined, und otherwiso mndo
sendy for the savhet,

15 .

“I'he grindhin: 0 ifucing of the brake hands produces considerable
dust.  In the plants studied exhaust ventilution was used 1o control
the exposure.

BRITISH MANUFACTURING METHODN

British pructice differs in many respects from American practice.
The snme type of imachinery is used in both countries but in British
factories, dust-control equipment scems to he more generully used
thun in American factories.  British factories specinlize in the produc-
tion of fine ynrn and this involves numerous differences in practice.

In England the processing of the nsbestos hegins, us it duoes in the
United States, with the crushing of the ore, but when this operation
hws been completed the manufucturing process does not paraliel
American practice until the fiber has been carded and is ready for
spinning into yarn.  (See fig. 12.)

After crushing, various grmdes of ashestos are blended in a machine
guite similar to the conventional type of rotary concrete mixer, It is
of pussing interest to note that the same device is used for blending
ten. The blend of nsbestos is pussed through a magnetic separator
where certain mineral impurities are removed. It is cleaned further
on rotary shaker screens where some grit and fiber fragments ure
climinated.  After screening, the materinl is fed into a willower.
The Dritish employ a vertieal willower that is known as n Creighton
opener.  Its action is similar to that of the Americun willower, nml
the internal revolving mechanism is retained.” The willowed materiul
is subjected to a finnl cleaning on a second set of sereens; such an
operation ig termed “sieving.”  Willowing is {he last of the cleaning
processes, nfter which the asbestos is placed into bins and is thereafter
known as stock. 1t is now fully prepared for carding.

‘Fhe practice at the plants included in this investigation is to add
cotton to the ashestos and then subject the combination to a thorough
mixing in o picker machine.  In England cotton is added to the
ashestos on the earding machine, hoth fibers being fed separately into
the brenker card. The cotton in il probability is prepared for the
cavding operation on a conventionnl type of combination cotton textile
picher machine which open e ihers, cleans them, and forms the
materinl into laps.  The latter toom is applied to the cotton which is
formied into a broad ribbon of felt and then wound into a roll. .

English cavding muchines sre equipped with o feeding conveyor, or
Inttice, upon which first the ashestos and then the cotton are placed.
The nshestos is ndded from a weighing box that is supported over and
near the outside end of the conveyor. ‘This box feeds nshestos in
ngeordunce with a predetermined matio of the fiher to the cotton.
When n certuin weight of asbestos has ncenmuluted in the box, o
mcchunism opens the bottom and allows the material to fall upon the
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lnttice.  Further along o roll of cotton felt vests upon the lattive aml
unwingds ns the conveyor moves forward.  Thus, ashestos covered with
u layer of cotton felt is fed into the fiest machine of the carding unit.
The carding operntion has alvendy been described.

The roving produced by the earding machines may be converted
into yarn on either one of the two machines, both of which hnve been
discussed.  As was pointed out, the ving spinning muchine produces
much finer yurn thun the mule spinning device.  Since the British
specialize in fine ynrn, the ring spinning frames ave used victully to
the exclusion of the mule spinner.  The preparation of yarn for the
madeet and its conversion into woven products will not be discussed
since Lhey uro similur to the processes used in this country,

OCCUPATIONAL ANALYSIS AND A DESCRIPTION OF THE CHIEF OCCUPATIONS

"T'he occupationn] analysis of the four asbestos plants covered in the
present investigation is shown in table L.

Tasre §.—Occupational analysia of workers in the asbestos tezhile manufacturing
ndusiry

Number of workers in—
T g —_— Total
Section and activity Plunt A Plant B Pl ¢ Y ham 1

<l M 1 M F M ¥ M F M ¥

Prepuration
Furotuon ... oL F 2 ST
Crshersion - 3 9
Willownrs..... ... 1 7
Fukerwon_ . .. ... 3 1]
Totad ..o -- 7 . n
Carding T -
Foremen 2 L] .
Second hand . 3 6
Curders, . ... . 1] 0
Stockinon aeees 3 " -
Yeuders ... ....... 3
Fotul ooaniiaan 0
Bpmnang
Forewen o o L L ERS B 4 3 T
Magde spdupees 4 R 1w . B . . 1"
Rong spinners al.. " . . . - n
elpory ... - 4 " -l - - K]
Totul. ... - - [V 3. - a #

Hpooling, Hpwolers . .. .

Twhth
¥ e 2 2 ab ..
R g hatds 3 2 L]
Tweters. . . 15 " 1 ™ i
Nelpess 4 4 7
Toted. ..o - . w )

17 )

Tanek V43 wtional analysis of workers in the asbestos textile manufacluring
. tndustry—Continned

Number of workers in-—

U TFotad

Plaul € Plunt D

Sectinn and sellvity Flaot A

M ¥ M ¥ M ¥ M ¥ M F

Winding.
Fogomen ... .. .
Winders .

Treating: Troaters ..........

Cluth weuving:
Forenien.
Sacend hend
Wenvers._.

Tape sl broke-bund weav-
ing

Forowen .. ..
Weavers (tupe) ...
Wenvers (brake Lund) .
1 ulendlorer:

Cord, rope, nnd brald workors

Fiolshing:
Treators nud Jrivry

(lenseal lutuw:
Eaginesrs.
b

Yardmen. ..

[ ® I emww

Totul

omoe
Superintondouts. ol 1 .
atiss - 2 o
Tl ........ L 10 A s 8
Qrant total.... ... " T w

Reference to table 1 shows that a number of nien have been histed
as foremen and second lunds.  These terms have heen adopted
from the cotton testile industry,  They do not always menn full-
time supervisory duties, as might he presumed; in most eases foremen
and second hinnds are engaged in oll the activities of the department
to which they nie asigne Further mention of these ocenpations
is not made in the brief oceupational deseriptions which follow,
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Crushermon empty the rw ashestos, contained in 100-pond bagy, into the Cord, sope, wad wick workers operate special eord and rope-mshing machines z X o

- . . . —

pan of the erusher. ‘Fhiey also operate the ceushier and reinove the nsbiestog iber and braidiug wachines. 5 ﬁ un

after eranhing. Brake-lining finishers inclade treaters and dryer men, ealenderers who operate a. —~

IWillowers or opaners hadle erushed fiber and wiste roving.  The crushed ore is calendering wnchines for squaring suneyven edges, grinders who smooth off aneven

fed into the w lowing machine by menna of pitehforky,  The willowed matering smfaces, amd cytiers nud diillers who eut the finished band to required sices and W Sessdog-ovis

drill it for riveting to brake shocs for automobiles and other machines.  In the

i usually blovw into a specisl bin, The waste accomulated by the machine is
3 were Interchangeable,

removed severnl tiies daily by the willower.  Willowers also operato sereens for plants stadicd, these accupat

ecpipating conso geanular waderinl (cobs) from the tiber. General lubor includes thuse occuputions ussocisted with waintensuce of equip-
Prckernen 1 ke up the ashestog-cotton butehes (piling) according to specitica- ment and generation of steam.  ‘They also inchude janitors, walchmen, and
Gioms and pitch the materiad into the feeder hopper anld the picker wachi shipping clerks. A

The picherme. insome plants ay hand trnck to apecial bing the material which is Superintendence ia concerned with the supervinion of allploadlnctivitivs,

blown (row H 2 tnchines.
RENULTS OF THE ENUINEERING STUDY

CARDING
DUST STUDIES

Curders opwe- ate the earding machines and clean them when necessary.
Stockmen bndle ta stock prepared by the pivkermen.  The maierial is con-
veyed by hand trucks from the stock bins to the card feeders.

In the present study, dust counts were made by the impinger
method (2), using ethyl aleohol and distilled water mixtures containing

Tendirs look ufter the slock feeders and roving jack spools.  The latter are from 25- to SU-percent alcohol as a collecting fluid.  Two sampling
removed when full, and replaced with empty jack spools.  The oceupations of methods were used for collecting dust for chemicnl anulysis, (1)
e : " v . interel sable . .
tender sudd carder are in some planty interchangeable. Settled dust samples were colleeted at the breathing level and (2) air-

suspended dust was collected with a stall, hund-type, vecuum cleaner

BPINNING
M . ooning fitted with a removable, puper-bag type filter.  The lntter method is
ule spinners operate the inule spinning frames. similar to a I".‘K.«d“m dcvclnpml |)y Huteh (5).  (See “K~ 1) In ‘

Ring spinners operate ring spinning machines.

Helpers (bobbin boys) sesist the mule spinners wil ring spinners conveying addition to chemical analyses, petrographic analyses were mndo on

full jack spoals of roving to the spinnees and carrying cruply spools back Lo the several snmplm. In order to, determine the purticle size of asbestos
cards.  They also transport the epun yarn aod sltend to the roving jacks and dust, an Owens jet appurutus was employed (2).  The samples col-
bubbine whenever required. lected were mensured by means of u filar micrometer ut o mugnification

of approximately 1,000 dinmeters (oil immersion).  Photomicrogeaphs

HBIOOLING, TWINTING, WINDINU, AND TREATING N .
were nlso made of dust obtuined by the vacuum-eleaner devico de-

Spoolers tend the spooling machines and handle spools on which the spun yarn sceribed above.
is wound.
Twisters and helpers operate machines that twist span materinl into heavier NATURE OF THE DUST FOUND IN ASHESTUS TEXTILE FACTOWIES
and stronger yarn.
W andirs opernte yorn winding nachines. Composition.~—Tuble 2 shows the results of chemical aunlysis of
Trcaters pusn ymin thiough specinl compuunds (usually predominantly starch) settled dust samples obtained by the Tateh method (5).  Examination
and wind it on large recls fur deying. 1o brihe hiing manufucture, trestess handle aof theso tubles does not 1evenlt qignilicnnt dillerences umong the various
np!mll and resinous nalerials ‘wi'lh which the product is impreguated. samples® 1L will be nolpd, with one or twa exceptions, that the total
Yarn packers wanp and hox finishicd yarn. ' ’ .\ f
ush (no water of l',l'ysl‘l"l/.nll*:'u present) does not vary greatly.  Tho A
CLOTIL AND TAFE WEAVINU vilue of 54.5 obtuined 5 o L eaving (sumple 8) is due to the moisture .

content of the dust sanmple.  Calenlutions of composition on an ssh
Broadcloth weavers operate both dry and wet wenving looum, . . . PR - .
Tape wearcrs opernte Jooms for weaving ta)c uod bruhe luing materinls, busis bring the values into closer agreement than indicated in cither
Inspectors and colenderars inspeet and exnmine vl woven matesial for defects tuble  The results given for samplo 11 in talde 2 ave for brahe lining
anid pana tape and brake bands throogh calendering machines to achieve desired which has heen impregnated with resinous compounds,
wildth aud thichness T e e sl A e s . o Ast
e . the crevt inck i . . A . | 3 Cumachinny ashostos (eeysotihed, the wsheslos sed 10 thess faclorios, lny The fulluw ing cotoposilan: Ash,
Crurders attewd to the crevl ek on which the wap thrend spools me monnted. 370, 51Uy, 10 40, Mathy, ) 27, Mgld, 41 40; Festhy, 2,50 porcont  (Asbostos Vol 3, No 7, Jannury 1022 )
Cop winders opernte cop-widing machines which wind tiiread on metal spindles
fur use in the oo shattley,
Wearer helpers usunlly attend to the ey ing of broadeloth syhich has been woven '

wet. They also hundle inlerial for the ereclrrs wid weavers,
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Tavre 2. --Chemual anolyses of settfed o lrned on asbeston tortile
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Tame 3 --Chenvical analyscs of suspended dust samples collected in an asbestos
textule pland
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The dosses o ignition of all sumples analyzed ave due (o the presenee
of cotton diber and moisture. The 305 pereent loss on ignition of
suiple 21 in table 3 is probaldy due to the presence of cotton fibers,

T passingg, ity be pointed ont that wo carbonnte of the order
reported by Thadibut and Witlings was found in any of the samples
nnalyzed (6).

No qunrtz was found in any of the sumples examined petrographi-
..::.'.,

‘The consisteney of the results indieated in tables 2 and 3 s more
renmarhable when the physieal charaetenstios of the dusts e taken
into considerntion. Fige 13 illustrates the gross appean of the
dust sumples tuhen with the vacnmnn cleaner deviee ubove mentions).
Euch sumple shown in the figare represents two ginms of dust. There
are conspicuous differences o the samples, both in eolor and hlk,
Picpmaation  and casding produce gounnbar puaterin), - Wenving

B

WINDING SPOOLING

MULE
SPINNING

(v}
Zz
2z
xZ
o
()]

TWISTING

(SEE FIGURE 1)

FIGURE 13 —GROSS APPEARANCE OF SUSPENDED DUST COLLECTED WITH VACUUM CLEANER DEVICE
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sumples, on the other hand, are bulky, the difference probably being
due 1o the presence ol long ashestos and cotton libers in these snmples.
Carding and prepuration sumples contnin cobs which are present in
the raw ashestos.  The duher appearanee of the samples shown in the
top row of figure 13 is diflicult to expluin. 1t is probaldy due to the

- 4
3 Pl EI Y
TR K A e
l S il
CARDING

WET WEAVING

TWISTING DRY WEAVING

FIGURE 14 -- MICROSCOPIC APPEARANCE OF SUSPENDED DUST COLLECTED WirTi
VacuuM CLEANER DEVICE. 200X.

continet of tho spun ashestos-cotton misture with oily metad surfaces.

The mivroscopic appearunce of the vacuum cleaner sumples is
Mustrated in figure 14, The presence of both cotton and ushestos
fibers nudd of siall puticulate nmtter is teadily noted.  The dust from
the cardi. g roum is most strilbing. I has few fibers and iL has
considera, e purticulate matter.

23

Particle size ~The measurement of dust particles suspended in the
air of ashe © 30 o plants is dillicult beenuse of the presence of
hoth ashestus wind catton fibers.  The differentintion of these fibers
under the microscope is not always paossible, especially when the
fibers are short and line.  Several sumples obtnined with the Owens
jet apparatus were exnmined with a petrographic microscope in order
to estimate the proportion of ashestos and cotton fibers, hut no salis-
fuctory technique could ho developed for this purpose.  In this study,
particle sizo determinations based on Owens jot snmples were made by
three methods: (1) euscope projection deviee; (2) a filar micrometer
attnchment o & microscope (using oil inunersion, 1000°7), al
(3) by means of photomicrographs.

Data obtuined with the euscope showing the percentnge of fibers
(irrespective of whether they nre cotton or nshestos) wre presented in
tuble 4. These nre based on Owens samples and not on impinger
samples.  With regard o the selectivity of he deviee used, little
infornmtion can be given, although it is known that for discrete
purticles, the selectivity of -the Owens apparatus nnd the impingoer
are the snme (2). ‘

TavrLe 4.—Relation of fibers 1o particles in various (wens jub samples

Nuinta r of .
) N Tott Forent
Activity .:,.'.'.';.'.:1 count ey
Weove 53 4 i Pid
Wenvi 33 ald b H
Vicking 1 ) N 27 k) ]
Carding . . o b s 17
Twnting . M 275 il 3
Twistiig " b o H
Crshing s e wi !

s Pt B,
2 Plant A

The results given in table 4 indicate that weavers nre exposed Lo
the highest pereentage of libers. This is (o be expected beeanse the
warp thrends fray ns the shuttle crosses them.  Swaples colleeted
near the pickers nnd enrders have fower fibers, while the dusts to
which crushermen are exposed have the lenst proportion of fibers.

The relatively low per oo of fibers in suspended dust expluins
the smmll number of Wi 2 crved while making dust counts of
impinger samples.  The latter were usually diluted to give 20 to 50
particles per quarter ficld.  Henco, except for weaver’s sumples in
which considernble fibers were observed, fibers ure only rarely found
in making counts of other samples. (Dust counts included  both
librous and nonlibrous particles, irrespective of size.)

Table & illustrates the size range of purticulate matter.  Two
hundeed purticles in each samplo have been measured by means of the
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filur mirometer.  As may be seen, the wedian size varies from 1.22
miceon. to twice this value,  Falton and his coworkers used an
clectros wtic precipitntor to volleet dust snmples and ealeuluted an
avernge value for the total distribution of fibrous and nonfibrous of
1.33 scrons (1), The median size for particles less than 5 microns,
a3 dedi ced from data given by these investigators, is approximately
047 w eorons, which is much lower than the values given i table 5
of this report. This difference can prohably be attributed largely
to the type of sampling devices used in the two investigations.

Tauvre & - Size fregueney distribution of pwrlicutate dust suspended an the air of
asbestos tectile plants

Percentuge frequeiey of vach purticlo slze group
teo- (ia microns)

Muodhan | metne
size (i
microusH devin- | 0 JOST 1 fIst 3 [25] 3 |35 448 5

o |wftw|wltw]|lte]wltelioltolta] or Total
04| 0 ool b 40] 3 el 2 )2 00l 3 $U) S 10l 4 du) 4 e len

Noture of prwess where
sampile was shen

Pivpasation . .. L 1 e (-0 3|2 )arjz)w 4 2 1 (L] o I 1]
Curiing - 1235 137 ] el u]e L 8 [} 3 3 o
Ahule spitnning P . (3. Tas ] o 125 | m| ¢ ] ] 1o 1 LT
Twnting . . - 122 n Squol243 et 0 SY af af @l + 10
Wenning (hrondedatl ) . )85 (1 1 djaaf2z)m] 3l 21 3| 4] 0 3 i

T{]| 7{a ] Hw

Woaying (tnge). ... . w0 10e Gl 3N |2ai04f02

In determining the length of fibers present in Owens snmples,
photomicrographs wers used. It was necessary to use this method
of measurement beenuse of the curvature und matting of libers in the
microscopic fickd.  This difliculty wus overcome by using compass
puinters and measuring each fiber visible neross w given section of the
photomicrograph.  The size distiibwlion of fibers, classified by oceun-
pution, is presented in table 6. The fibers yango from as little as 2
microns (450 X magnification) to us high as 400 microns.  The median
sives, ag mny be seen by vefevence to the table, runge from 7 to 16 3.
Fulton's data indientes (assuming all purticles grenter than & mierons
to bo fibers) a median size of 15 microns.

Cavte b — Modian longth of fibers aom plod with an Owens jet apparatus

Mabian

Adtiviny fihees 1
nilcren~

ng 70

v

Cuar L BH
Tw it ing 12a
Wews by (Dronetho 3

No size fiequency distribution with tegaud to the width of fibers
present in the ain s been made in this study.  However, it has bee:
noted, with few exceptions, that the width of fibers collected by th

25 ’
Owen |, %y bdrntos was less than 0.5 micron.  This is in agreement
with the sesults given by Fulton, who sliows more than 78 percent of
the fibers mensured by his projection method to be less than this size.

DUST CONCENTRATION SN DIFYENENT DCUUPATIONS

In earlier studies of the dusty trades carried on by the Public
Health Service, determinations of the nverage dust concentration
have been of great value (1) in deseribing the working environment,
(2) in muking comparisons of the effectiveness of different methods
of dust control, nnd (3) in relating headth condition - to tust exposure.
In this study 242 impinger smunples were tahen and counted, and the
results huve been elassified by occupntion in tables 8 to 18, Euch of
the occupations curried on in asbestos textile factories hins beon dis-
cussed separately in the following section and data for the entire
industry have boen brought together in table 19.  In this industry
there are relatively few occupations in which workers do two or more
kinds of work which expose them to totally different dust coneentra-
tions. In such cases the severnl exposures have been weighted ae-
cording to thoe averngo time of exposure.

For example, in plunt A, willowers are engaged in the following
activities: willowing, 5 houry; picking, 1% hours; storage-room work,
14 hours.  Theso nctivities aro ngsocinted with exposures of 2.3, 36 3,
and 164 millions of particles per cubice foot, respectively.  Heunee,
wo may tabulute exposures as follows and caleulute o weighted
avernge:

‘Tanre 7.~ Dust exposure of willower, plant A

e e e e e — - -
of
femuto Averngo dust , .
" (hnurs rer CRposiire 0 gur
Activity dny) (MITCE) | catiie fuot
. b exd
Willowing 23 (18]
VgL L . 1ty 463 804
Btornge ronm work. .. . 1, 14 28
Towwb o L L] w b

1 3 rillion particies par ouls

The avernge dust count of the 19 sumples in the above table; eateu-
Inted without regard to the duration of exposure, would be 18.7
million pasticles per eubie foot.

Preparation.—Preparation includes the occupations of crushermen,
willowers, nnd pickeimen.  In plant B, these thies oceupations were
conducted in the snime room, wlile in plant A only erushers nnd wil-
lowers worked together,  Piching (including piling), in the Iatter
plant, was dono in a sepurate room,  The dust exposutes wro indi-
cated in table 8,
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Tanre 8 — Dust exposure of workern in the preparation department . . I .
o e A "l [}
e The exposure of workers in earding rooms is given in table 9. .
. o —
Numbwr af § Dust o F) . o
Uicupution u;u;vlu: Iowve 4 Dust exposure of workers in carding department [ E —
aben E m
S e ] Numter of | it can- ZX S
Consbermen v Oceupatlon sainples | contrntion 5
Willuwerst . M taken | (MIPCF) w
Prder ' (1] . —
o ’V_V CTT T T e e s N
I Weighted ayveruge. " ne ¥ W ‘Seeleg-avoum
) vl 1 s erushermen’s ex SUIC L \ wvolv T T T ) !
1t will be noted in lnl»lo.S that the crushermen’s exposure is relutively ' Wolghted sverage. »
low. In the plants studied, this work was carried on near an open .
door.  However, it is doubtful that this occupntion generates the The avernge dust concentrations in both plants A and B were
quantity of dust shown in the above table.  [tis more than likely that similar.  Counts ns low ns 6.4 million particles per cubre fool were :
willowing and picking (and even earding) contribute to the dust ex- obtained for some carding operutions where machines were operated
posure of erushermen, ut u relatively low speed and as high us 139 million particles for high- ’;
Willowing of crushed asbestos is not in itself productive of much dust speed operntions, o
(111 million particles per cubic foot).  Only when waste roving and {ly In the two plunts studied which carded ashestos-cotton mixtures, 1
fromeyclonecollectorsure willowed does the dust count incrense.  Dust all equipment was hooded and exhansted.  Under the mothods of g
counts as high us 99 million particles per cubie foot have been abtained operation, which required accessibility to the machines, complete , i
with {ly. A continwous source of dust production results from the enclosure was impossible.  Consequently, exposed brushes, revolving 9
manner in which willowing nmchines are fed, The material to be at high speeds, often nullified the effect of the control system. Nor 's
willowed ia ratsed waist high by pitchfork, enusing considerable spilling. could air flows in the exhaust system be increased since a considerable A
Willowers also opernte shuker screens. umount of valuable fiber would be drawn from the brushes and this Q
A pickerman performs soveral kinds of woirl. This is especially would reduce the weight of roving to an undesiruble extent. E’
. . . o . M . . . . « 1
true in plant B,- where pickermen not only assist in piling (mising Spinning.— Both mule spinners and ring spinners are exposod to {3
ol cotton and asbhestos), but also aid in stacking the material blown similur dust coneentrations. The range shown in the following table .
from the picker machine into stornge hing,  This last-mentioned (table 10) for each occupation is probably due to the presence of more ]
uctivity | roduces dust coneentrutions tanging as high as 211 willion spining and weaving equipment where the dust coneentration is

purticles ner eubie foot.  Pickermen usually work in puirs and nlter- higher.
nute in foeding the picker muchine and tending to the stornge bins.
Piling is cone by both workers together und contributes to dust counts
avernging 162 million particles.

Picher machines, like willowers, are fed by pitehfork, a method
which produces undesirnble dust.  This ts true even where picker ma-
chines have hiooded feeder boxes. Mule spin 18 1079

The picker mnchines studied wero equipped with oil sprays, pre- ,_v"ff“,,’m,',‘j e __-__I_J,m., “.sj
sumably to hold down dust.  The ineffectiveness of this method of

A -

Tasre 10.— Duat exposure of workers in mule- and ring-spinning departments

Numnber of | Dust con-
Occupatlon samples | oevtration
taken (MFPCF)

P

Mule-spinning opernti g - inire considerablo space and are gener-

dust control is shown by the dust counts which exeeed 50 million par- ! h L2 !
teles per cubie foot of air. . ally separated from othorne ties. Oun the other hand, ring spinning )
Carding.—-"The brushing and combing of asbestos and cotion fiber is donc in close proximity to spooling nud twisting and it is possible '
‘eq mixtures by carding machines crentes  considerablo dust.  The that the dust counts are influenced by these operations.  The results !
/ enrding netion is such that small cobs and fine tule adhierent to the obtained for mule spinning check with those given by Fulton and his \.
’ ashestos fiber nre thrown into the aie,  This effeet is necentunted by coworhers (4). . ) ¢
1 tho fan action of the brushes.  The gramdur and nonfibions appeas- Spooling, twisting, and winding.—The equipment for these opera-
} ance of the dust present in the uir of earding rooms has heen shown in tions is genetally gronped together and therefore it is diflicult to .
f figure 10. obtain a clear-cut estimate of the amount of dust produced by each, *
»
3] |
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The avernge range of dust concententions in plants A and B are shown
in the accompanying table (tuble 11).

Tamie 1V —Dust cxposure of workers in apooling, twisting, and winding departments
Nimbor Number
[y o
gt ion saimdes Occupation “"“"'.,M
tubon tukun
Bpaookers . i NRoving winder:
Pwisters wnid holpers P Yoru puikers 0L ; '1‘ 2
Uaniversal windors A Yurn lreaters. .. 3 1736

Of the occupations listed in the table, twisting appeared to con-
tribute most of the dust in plant B and to influence the exposure of
spoolers and ring spinners close by, Twisting frequently produced
coneentrtions of over 20 million particles per cubic foot of wir, yot
counts below 10 million particles wers not uncommon.  Twisting
involves a considerablo amount of fraying and when Jow-grade
waterinls are used, the dust production is increased,

Winders and yarn puckers are exposed to lower dust concentrn-
tions than spoolers and twisters.  Here aguin, however, becanso of
the proximity of the lutter dust-producing occupations, the smount
of dust actually generated cannot be estimated. 1t is haed to con-
ceive of such operntions us roving winding and yurn packing producing
mach dust, ‘

Broadcloth weaving.~-Tho dust creuted during the weaving of
brondeloth depends npon the number of warp threads per unit of
width, the quality and width of the muateriul woven, and on whether
the operations are conducted dry or wet. 1 the warp threads are
close, the fraying action which takes place during weaving produces
u considernble amount of dust.  With some looms the dust concen-
tration was found to exceed 140 million particles per eubie foot.
A V('rn;;o dust counts obtnined during wenving operations ure shown
in tuble 12,

TabrLe 12 — Dust exposure of workers aysociated with broadcloth weaving

O npstion

Weaving ope ations are intermittent owing to frequent breakapo
of wmip thread..  Consequently, workers aro exposed Lo alternate

29
peviods of high wd low dust concentration.  On the other hand,
weavers mast po, 2o nttention to work nud wre snbjected to heavy
exposures while the looms are in operation.

The dust connts shown in tablo 12 for weavers and helpers illus-
tento the differences between dry wnd wet weaving.,  Both dry mul
wel weaving are earried out on similar looms in close proxinity.
Hawever, operntora are interchangeable and are not specitienlly
designated as dry or wet weavers.  Under such conditions, it is im-
possible to gauge the actual exposure of u weaver.  The low count
of 4.7 million particles per cubie foot given in tuble 12 for both dry
wl wet weaving is for w small plant with one dry nind onn et toom
in operation side by side.  The higher counts are for lniger plant
munufncturing ull types of brondcloth and at the time of the survey
baving from 8 to 12 looms in operation.

In view of the high counts obtained during broadcloth wenving, it
would bo expected thut creelers ure expased to compurable concentra-
tions.  That this is not the case, however, is indicated in table 12,
With all looms in operation, us iy frequently the cuse, the counts
might conceivably be higher.  The suine is ulso true of inspeetors,
culenderers, and cop winders who work in the weaving departinent.
Theso oceupations do not produes Inrge nmonunts of dust.

Tape, wick, and brake-band weaving.—'The dust expusures for tape,
wick, and hrake-band weavers are indicated in tuble 13.

Tavre 13.—Dust exposure of workers aswocioted with tape, wick, and brake-band
weaving :

Nowmber of { Dust con
Ocrupation sampley | contration
takct (MPPCF)

Weavers ((npe and wick). . ] 24-51
Weavers (hruke bond) .. " 4100
Creelers 3 2403
Calenderers 1 38

It may bo seen from this table thut tape, wick, and brake-lining
wenvers ure oxposed ta lower dust concentrutions thun broadeloth
weavers.  Excopting certain G pes of brnke bands, the fraying of the
warp thrends during wenving © v as great ns in broadeloth weaving.
However, with heavy brake bai. ., such as are used on trucks and
hoisting machinery, the dust concentrutions becomo high and cosn-
purable to those obiained in broadeloth wenving. It is in the sanu-
fneture of such bruke bands that creelers nro exposed to counts of
20.3 millions of particles per cubic foot of air.  Culenderors, being nt
some distance from the looms, have s low exposure. The dust counts
obtuined for the type of weaving here discussed were consistont in all
four plants studied.

< ol

-
Pl

R

-

44

t‘ts o
£9 o
Zx .
34
a
W vemlen-ory




Lo i 3

e o

Jo
.

Curd, rope, and braid working —Other aetivities found in the
ashestos testics plants are concerned with the manufacture of specin
prodicts, suer ns cosd, rops, nid braid, nnd in treating and finishing
yurno These operntions produce little dust us may be seen by
reference to t hle 14,

TavLe 14 - -Dust exposure of workers manufacturing and finishing special
products

Nuenber of | Dust con-
Oeenpution sanples | otratian
tubens (MPI'CF)

Cord, gope, nid hraid workers []

"
Varw'tnatiey H

12
,,,,, 3 17-48

The equipment used in manofacturing these products does not
opernte continvously.  None of the operations of cord making, rope
muking, or braiding requires full-time personnel, and a small group of
workers perform all these jobs. The highest dust count (10.2) in
table 14 is for braiding.  The counts obtained for yurn treaters ure
influcniced by the operations undertaken nenchy,

Brake-bund finishing.-—This generutes little dust.  In the plants
studied, finishing operations wers conducted in separate rooms or
buildings.  Dust counts are shown in table 15.

Taver 15.—Dual exposure of workers munnfacturing finished brake-band lining

Nuwnlny N oot oo

) ambar | Dust -
Occupation .-hn:n’:h-\ Oceupation ol saanples n-lc;fuci‘i:::u

Inken taken {[(MPPCF)

Treutves nnd dslers. 35 ] Cinders and driiler. s
Culenderer i 1.5 llmlnh I8, .‘_ " e : : g
Grinde H 42| Coidews. .. 1 18

Workers employed in the occupations listed in this tablo ave uposul
to dust which differs in Lolll])l)SIllUll from the dust found elsewhere in
nsbestos textile plants. This is because the dust genernted I)y
grinders, cutters, and drillers of trented stock is made up of resin,
asphaltum, asbestos, and metal.  (See analytical results for uumplu
11, table 2.)

Miscellaneous occupations—In addition to the groups directly
concerned with the mnnufucture of textiles, n considernblo number of
workers (engineers, general Inborers, clerks, and superintendents) are
emgnged in other netivities,  With the exception of eertuin foremen,
these workers are exposed to low dust concentrutions. The data
presented in table 16 require no comment.
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Taugr 16.-—Dust exposure of mscellancous grovps

P 2 ' R R P C e e oo
Bt onn- N“:,'"“" Dot cone

rentoation Occupntinn aampdes § OV ulmu«.n

(MPPCE) sl FENTERES
L2 ¥ urds 2 o

| kosenie . (O] )

L2 hu;n seintetkdents (uilice) . . 2 a2
e - 2 .12

1 Bumples and erpositres def peml o 1he activitles with widch they sre aysoctuted.

PREVIOUS DUST EXPOSURE

The dust concentrations discussed in the preceding poongenphs
represent pu,sont-(luy conditions. Tho ofliciuls of asbestos textile
plants have in recent years attempted to control the dust hazard,
In the plants studied, efforts have been made to exhaust picking,
enrding, and I;rul\wlnnncl grinding machines.  (Another plant, which
will he discussed lnter, hns extended the use of control equipment to
nearly every dusty operation concerned with the manufucture of
usbhestos textiles.) A knowledge of the exposure of workers prior
to the introduction of control eyqnipment is important in ('orl'clutiug
clinical findings with dust exposure.

In vrder to estimnte pust exposure, the air flow through various
hoods attached to curding machines in plant A was shut off for 2
howrs.  Dust was nllowed to accumulate for 1 hour prior to sampling.
The dust thus genorated enused much inconvenience to employees in
the course of their work. For this reason, permission to shut off
exhnust equipinent was not granted in other planta studied.  Carding
machines are sensitive to slight air movements and are consequently
difticult to regulate. Once they linve been ndjusted, any external
disturbaneo affects the weight of the roving produced.

The dust counts obtained under conditions simulating these prior
to the installation of the exhnust system are shown in table 17.  For
contrast, present exposures are included.

TaurLe V7.— Dust counts when conirol measures are used and when they are not in use

Bt cor-
ceptrn-
Uon -

nnt Jirs il
(M\'\'('vl"i {MYRCEy

Avvengo '
dust

Occupation

Mule spinbers . 1358 . 2

Hing s .
spronler 3 32

Wenvers. T4 47

The low counts obtained for the occupntions listed below carders is
due to a partition which sepurates them from the curding machines,
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Mule spinners are located immiedintely beyond this paetition, and
the dust count shown is due to dust which has passed through un
open door.

Three dust snmples obtained in the earding room 1 hour after the
exhaust funs were shut off gave connts of 77, 73, and 78 million
purticles per cubic foot. At the end of 2 hours u snmple taken in the
sine room gave a connt of 61 million particles.

No major changes bave heen made in plants C and D since the
start of operntions.  The dust counts made are essentinlly the same
us those which hnve wlways existed.” On the other band, no datn
are available for pust exposures in plant B, This filure ean be
attiithuted to several factors, but principally to the gradual expunsion
of the plant with the growth of the industry, which incrensed the
amount of equipment, and the ehunges nmade in recent yenrs with the
exhaust system. The fiest of these actors appears to have affected
all operations condueted in the plant, while the latter is restricted to
the earding and preparation: departments.  In addition, it may he
pointed ont £ at plant expansion has tended Lo inerense dust produc-
tivity, while the introduction of exhaust systerss hins reduced it.
Hence, it may be nssumed that the exposures of nll occupntions in
plant B folle ving canding weve probably higher during the study
thun prior G expansion. It must olso he renceinborald that more
wen lave beow working sinee the introduction of added eyuipment
thun at previc us Limes,

INVERPRETATION OF DUST COGUNTY

The avermge dust concentrations just discnssed mnke a satisluctory
mensine of dust exposure for most purposes.  In correlating medicenl
findings with dust exposure, however, it is frequently advantageous
to express the dust exposure in units which combine duration of
exposure with average dust concentration.  An easily enleulated
descriptive value was developed during statistical analysis of the
results of an engineering nnd medicnl stdy of uul||ru('u»siiimsis (61).
I w workee’s dust exposure has been unchanged for all practical
purposes during his period of employment the avernge dust count
(o million particles per cubic foot) is multiplied by the duration of
exposure in years. The product is used ns a numerieal measmo of
his total dust exposure 1w worker hns ehanged his oceupntion (and
in so doing has chunged lis doust exposure apprecinbly) a calenlation
such as the one shown in table 18 is made.
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TapLe 18.—- Erauple showing the method of compubing the dust exposure of asbesios
3 lertile workers !

Nl of
Dast count {purthle yeass

Oecugmtion of workers (MPFCF) wr onlie

foul of wir

Carder ... . 3 321 206 9
Corder 2 t N b8 2
Mule synnner 2 28 62
Total . . . .. 7 20 3

" Finnt A
1 'rlor tu instullution of exhuust systom,

c fout

20 3 wnittlung of particle-yeary § == 40 uillion pasticles per culie foot

7 yours

Weighted dust exposure=

The worker whose dust exposure has been ealeulated in table 18 would be
assigned u value of 280 illion particle-years in tabulations in which, for the snke
of gimplicity, it was dusitable to have a one-term measure of dust expusure; tuble
42, for example.  When average dust concentration and duration of exposury ure
to e tubulated scparately, as in table 43, the individual desenibed in table 18
woulid be assigned a dust concentration of 40 unllion particles per cubic foot.

THE CONTROL OF ASBENTOY DUNT

The control of dust in industry often entuils many practical difli-
culties. These diflicultics pertnin chicfly to the handienps imposed
by control equipment upon the pecformunce of the work being done,
and in estimating a priori the air volumes required.  Both of these
difticulties are inherent in the ashestos industry.  The arrangement
necessury for removing dust from earding machines nid from Jooms,
which demand aceessibility to all parts, is sell-evident.  Added to
this 1equirement is the limited information available with regard to
suitable design of equipment for ench dust-producing source and the
vequisite wiv volumes.  The Intter item is most important in the design
of hoods for carding muchines, innsmch as air velocities must be hept
telutively low in order to prevent the ashestos-cotton mixtures from
being subjected to air currents which convey them to the exlnust
system. At the sume time, however, the velocities chiosen must be
adequate to maintain the dust below the safe or threshold limit

The dust-control datn contuined in the following paingraphs are
based on observations v = cwe plants inchaded in the present
study and on duta obtanmed o ewhere by Assistunt Publie Health
Engineer Richard Pugo (7). The data presented inehwle operations
for which control methods have been developed.  In addition, the
type of control equipment used in Enghund is discussed, although no
values pertaining to air requirements ave availuble in this instance.

PUEPARATION DEPAHRIMENF

The dust counts presented earlier in this bulletin for the preparation
department apply to uncontrolled conditions. A very high degree
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of control ean, however, be elfeeted under certain conditions, espe-
cinlly as cepards willowing (opening), piling operantions, and picking.
The crushing machines in the phants studied were not exhnusted or
segrepgated.  In Bngland, on the other hand, it is customary to encloso
une segregate erushing equipment while it is in operation.

Wilowing (opening).— Willowing machines are often productive of
high dust concentrations (36 MPPCEF).  As has been previously
mentioned, this dust is caused both by the manmual methods used in
feeding these machines and by the action of the muchines themsely es.
Consequently, u reduction of dust concentration way bo obtained by
using & conveyor feeder which eliminates vaising materinds to waist

FIGURE 15.—EXHAUSTED PILING BINS

levels with forks and using an exhaust above the feeder box and below
the mackine housing.  The willowed materinl should, of course, be
poeunuti-ally conveyed to a suitable bin which is segreguted from the
preparation room.

In the cuse of two machines equipped with exhaust, it was found
possible o reduce dust concentrations Lo 3.6 MPPCE,  Tho exhaust
hoads located above the feeders drew 400 CEM, whilo the downward
exhnust s clow the willower housing drew amounts of nir ranging from
225 CFN to 600 CEM, the latter air flow being used on & lly willower.
(Seo fig. 1) The nir handled by the pneumatic conveyor was 1,500
CFM.  <or the H-inch dinmeter duets used, this correaponds to an
air veloe ty of 2,750 feet per minute,

35

Piling.—Piling operations are usunlly conducted close- to picking
machines  he Just gencrated by this operation may be effectively
controlled by wang small exhnusted compartments or bins.  Compart-
ments constructed ns shown in figure 15 and hondling approximately
1,025 CFM of uir reduce the dust concentration from an average of
20 to 5.4 MPPCI,

English practice in piling consists in using exhaust manifolds close
to the misture being made (lig. 16}, Air volumes are not nvailable for
the type of exbaust shown in the fignse.  Tho method appears to bo
cumbersome nnd to interfere with the process being carried on.

Picking.—The exhaust control used on picker machines is portly

FIGURE 16.-EXHAUST VENTILATOR USED FOR PILING OFERATIONS (BRITISH
PRACTICE),

shown in figure 17.  One hood is connected at the feeder end and ono
atthe dischargo end.  ‘Fhe center portion of the picker is also exhausted
(ot shown in figure).  With this type of arrangement thoe dust con-
centention averages 6 MUTOR, This value is considernbly lowee
than found among vove. . ded equipment which exceeds i ninny
instunces 74 MPPCE, i

1t was found that hoods nbove the feeder handled 500 CFM; the
downward exhaust at the center measured 1,620 CIFM; at the dischargo
end the air flow was 450 CEFAL Puenmatic conveyors attuched to tho
dischnrgo end of somo of the pickers hundled 2,000 CEM. "l‘hcw
duets wers upproximutely 12 inches in dinmeter, thus providing for
n conveying velocity of 2,550 feet per minute.

EXHIBIT
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s possible with specind conveyor belts operating between the
wshestos-cotton piles nmd the eeder miver that the dust coneententions
' might  be geduced below  the

” Vitlue of 6.4 NHPPCE, indiented

A ¢ ubove,

- \/ CARDING

; ' - Two types aof dust-control
o s . - N )

. covetr®caqpiprent are al presest used
4 o on enrding mnehines. “The first
type consists of e bhood which s
~{ N\ g loentedd diveetly ahove the ex-

posed brashes of (he machine
Uig. 18), while the second type
FIGURE 17 - Scremanic Drawing of Ex. 1 (0tlly enclosed wnd - ex-
HAUST Sysiem Useo With Picker  hansted at vavious points (lis.

MACHINE r. . - . "

H). Studies made of the first

type of eslwust systems showed w reduction in dust coneentration
runging from 723 MPPCE when no ventilition was applied to 29,4
with ventilation.  ‘Fhe air i
i

How for each hood averaged !
870 CIMN, which  corve- .
sponded to six air changes |
per hour in the room in |
which thecwrds were located.
Ttmay be seen that the type
of hood aad the air llow used

tediee the dust coneentra-
tion Lo approxinmtely one-
thind  the amount. crented
without ventilation,

The second type of en-
lmust system nsed prowed
more eflective than the tirst,

inredueing dustiness, ]
dast concentrntion detenn-
ined feom numerons samples
vanged from 1 to 3.9 million
partivles per vubie foot,
This bigh degree of dust
removal was wecomplished

m
)

with nnsensement simaday
to that indieated w ligaes
Hand 200 In the priniry
cnrd, howds @ wnd &desclage wpwaind. The duet e eshausts from the
bottom of the eard, Phe secandary or voviog eard is hooded ot ¢

FIGINe 18 VERNICAL EXHAUST VENTILATION
AFPLIED TO AN UNENCLOSLD PRIMARY CARIL .-
ING MACIONE

37

nent the center of the machine.  The openings o, f and I nee loeated
nt the s o of the envds and exhanst the bottom fly whieh aceun-
Intes. L ate volumes exhusted by encle opening me nudicuted in
the lignie.

Ju neldition to enrveful enclosure of the mneline proper in the second
type of system used, the feed box s carefully covered.

FIGURE 19.-- TOTALLY ENCLOSED EXHAUSTED PRIMARY CARDING MACHINE.

The design of an exlinvsg system for enrding nachines is renderad
exceedingly dillicult owing to the ense with which carding materinl
leaves the volls.  High sir flows may seriously nilect the quality of the
ikewise, n poorly constracted housing mny crente
) edddy currents which ny prove
buthersome,  Any system de-
veloped requires enrve und exper-

roving prodaced. L

YR
LININIIIN

unent in design.

NIHMLING ANBFHTW ISING

The dust genernted by spool-

ing aperntions my  be ingen-
LD ET KLY vriverrey Gously controlled by nosystem

] "
-y - - e L :
Lo T . ,
)&k tserted and exhnuosted,  Sach
S0 B REREaRRTE] . . . X
CCHALELT LI EEE RO TRl system s shown o figine 24,

“ 3 » FOR » -
FIGURE 20 Eu LVATION AND ,' LAN cach cuse s constiicted so
SPOOLING EXHAUST SYSTEM,

ol cones i whicl the spools we

as o oller aominimom smount
of mterference (o the work being done. In the case of four Foster
winders (200 spools) eacli cone s % andhes i diame neross s
widest puitand 2 inches at the duct connection. Fhie cones are,
ench 10 dnches deep, Fwo hundeed cones were found (o handle nn

)
o
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Z
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ngerepate of 9,270 CEM or an wvernge of 46.5 CEM per cone. The
dust concentrution averaged 29 MPPCE. Without the cone system
discussed above, the dust concentration Tor the same operntion was
130 MPPCR.

Twisting muchines are more diflicult to exhanst locally than
spovlars,  Figme 22 shows a system which has been paitly completed.
It consists of eahausting the Jower section of the twisting munchine
by extending n duct with openings along the entire length of the
cquipment.  Lach system attached to the nmchine is intended to

FIGURE 21.— EXHAUSTED SPOOLING FRAME.

exhaust 1,670 CFM. Dust determinntions to establish the effective-
ness of this system could not be made owing to the fact that only one
of 10 twisting machines was equipped with exlinust and the counts
obtained were affected by unexhausted machines opetating close by,

WEAVING

Any system developed for removing dust generated by broad
looms represents the accomplishiment of one of the most dillicult
opetations encountered in the design of exhaust equipment.  Never-
theless, this has heen done effectively both in this country and in
Englind.  The American systemy shown schematieally in figures 23
and 24 consists of o downward-draft hood fitting close to the shuttle
rack of the loom and 2 movable upper exlinust hood which operntes
on the sutfaco of the woven mmterinl.  The Intter hood is actunted
to und fro by the action of the loow luy to which it is attached.
The hwod is connected to the main exhnust duct by menns of a flexible

39

air tight joint.  Both the downward amd npward exhaust l.mods nro
narrow + ¢ goo ey the advantage of high opening velocities.  The
upward-deatt Laod connected 1o the loom Iny is segmented. l*)nr.h
hood wsed, as indieated in figure 24, handles 1,300 cubic feet of air
per minute and reduces the dust concentration to an average of 0.7
MPPCE. The system
is thus extremely effec-
tive, SINCe ON ULCON-
tiolled looms the con-
centration averages
49.7 and may exceed
140 MPPPCE.

The English method
for exhausting looms
differs considerably
from Americun prac-
tice. In the former
system all purts are
stationury  (lig.  25).
The looms are ex-
hausted upward by
hoods located in front
of the operator and
resting a short dis-
tance away from the
lny. The hood con-
sists of two purts which
mny be turned back
whenever  repairs  to
the Joom are neces-
sury. No data us re-
gards air volumes used )
in this type of equipment or its effectiveness in reducing dust ure
available.

FIGURE 22.—EXHAUSTED TWISTING FRAME

INBPECTION

Fn some plants, o bestos clothe are brushed during inspection.
The uwsunl praceduie = 1y it brushing the eloth from above and
below as it passes over the inspection table.  An inspection (able of
this type with exhnust hoods is shown in figure 26, The hoods used
are located near tho cloth brushes, and extends the full width of the
cloth examined. Fhey ure, however, only one-haif inch in width,

A study mnade of an inspection (nble sueh s disenssed nbove
indicated that two hoods loented on either side of the cloth hnndled
approximately 730 CFM ench. A third broshoand hood located near
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the juck spool at the end of the inspection table hamlled 192 CEM,
These hoods veduced the dust genernted from a vatue of 111 when no
ventilution was upplicd to s value of 0.5 MPPCE with ventilation.
SUMMARY OF THE STUDY OF TIE WORKING ENVIRONMENT
The engineering duta contuined in this report are based chiclly
on a study of Tour asbestos plunts. Data on dust contsol methods

IGURE 23 ~EXHAUSTED BROADCLOTH LOOM.

linve heen seecved in the conrse of u sepurnte study undertuben in
lifth plant. s wo of the four plants investigated wers eogaged in
the manufactrre of asbestos textiles divectly from maw erysotilo
(Cupadian) nsh estos recerved in 100-poind bags. The reamining two
Plants began cperntions with yarn received from other sources nul
were concerned only with the manafacture of ashestos, tupe, braid,
or beahe bandig and with their teentment,

41

Dust concentintions were determined by means of the impinger
technique « e beht tiekd counting.  Tn all, 242 impinger somples
wern taheri so s to ovaluate the environment of each oceupation,

):“.

N / n]t‘
‘7 .

[ TEIaCY

o,

/Il/yj]
s | 'u

- aa
FIGURE 24 —DETAIL OF EXHAUSTED LOOM FIGURE 25 —DETAfL OF
SHOWN IN FIGURE 23, EXHAUST USED ON

BRiTISH TYPE LOOM,

The number of workers employed, the number of dust samples taken,
wnd the dust concentrations determined for ench ocenpution are
presented in table 18, The concentrations runge from values of 0.86

FIGURE 26. -EXHAUSTED BRUSHING AND INSPECTION TABLE.

for shippers to as high as 74.3 MPPCE for pickermen.  Ocensional
sunples exceeding 100 MPPCE wers found for the occupntions of
earding and weaving,
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4' avee 19.-- Occupational dusl exposure of workers in Sfour asbesing textile plants . . . . . F w
{ . e filne microme ¢ g {tuchment ton microscope (for mensuring the size of '.‘,i = .
4 . wrticubite nattory, and (3) with photomiciogenphs (for measuring "F w ko
t. Activity and vccnputlon Nusiber of | NIt ol [ Dust concen- ’ P i_—_ o oy
" . . . .
L warkors [ Vpebles L o the length of fibers).  This study showed that the yutio of fibeis to ANZE -
3 I Bl IR - — purticulate mntter varied considerably from a muximum of 26 per- Nigx S
* Promestion ] . - " for crusher "y K S w A
: Crisdesnen 1 . v asas cent for wenvers to a minimum of 1 percent for crushermen. The 4 la 9
Wi ? o o o - . . . . . . .
Prkerment 7 W[ aniino medinn particle size  (exclusive of fibers) was upproximately 1.8 {
) wr v 2| w3 ; velen-orum
3 s and tnders o s o microns. The median fiber length vasied from 7 to 16.3 microns.  No MU
1 sl oo " n e distinetion could be made between cotton and ashstos libers, ‘r
Mule s o | .
; T ;l‘,'."".'..,':,:',',"',',',:f,'l':,’:' R E 1 2879 In most of the plants studied the control of the dust hazard was &)
Spoobing Sgomlers T R c o " 3203 - . . . v
' B s und bpers z A $r31 limited nhnost entirely to provisions of exhnust systems for the earding y 1
Wit ol witders ) machines. Data, however, ato availublo to indicate the vltectiveness d
3 Wovte waders. ... T S : = H 12 80 . . : : P
i Vo ek 2 ' s with which the dust problem enn be handled in an ashestos textile ;
h ’ ' E . .
8 BN AVEEITIL I [} 3 17-38 plant.  An effective method employs the use of hoods and exhaust ,&
i Ve ' . . . . .
Wenssowind hlpurs. 2 1wt equipment fitted ut ench dust-producing sonrce.  Data showing the g
] - . . - .
! "‘" { 1 g ellectiveness of exlmust equipment is presented in tuble 20, b
11} o
[T} 4 JHhun i
Tapw. ko-bmnd wenving ? L] FEEY] Tantg 20.—-Summary of resulis showing the exposure of asbestos lextile workers .1
[k '] [ b j
“yruwl: a witk). . 3 12 2451 under controlled and uncontrolled working condiions *
" ] 1" Crae ;
L4 3 24213 - et T TTTT T T .Y
.: : ia Nusher |y oo st con- Passt con- BE
<! 1zw2 : of dust centration eenirullun
Equipmoent connce- whtvexhanst | withoul ex- | ki
1 o tions (MPFCF) Danst )
15
' ! 42 - e
y H v 36 nirme
! 1 ] 13 :
Collers . .. 2 10 < 1 20 s
e ! ) s H 87 YRR .
3 ; )
Gt vl Libus. H } 20 123 )
[N 7 2 M- " 29 151 =
M H 12 Fenving (hrosdlae 2 7 “Tw7 N
Wutetunen.. d H A “hier «ulonderer . H] ] ni
pping chorks 7 ) 5 . . S . e t Y
gl s A B— Sl b
s 2 ) .10 + Equipped with posimstie conveyor, o
fenty (oftice) .. .. P 2 " 3 Exbausiad hin o compnstamont i
e wt) . m Ity -1 ndividuasl cone fur esch spovl and conniecled to salisist manifold,
T2 Y T IR T NP S
Tt ¥ “ 7] A
) - e . . 1 k
Polad w! P 1t is evident from the nbove table that the dust hazard in the &
- . = N T e e e : shes i stry ¢ e opgre vdueed. i o cle
s et kot v i, vk, wd st b st ushestos industry enn be greatly vedueed. 1t is further clear that
3 Tl gttt s gm o Sk 3 v the necessary control methods have heen developed and are now in
<D eamrs b rai e i sl of athiee thous ) 5. With the exception of piel | st tenti
b Lt counts ol ) fn sl of uliet uceuutions Iuving sunlat s caposate. u;u. “'|‘|" e excep Imn of pie \|L' 3 }N 10 are :axpm,u u"( nlnu " :‘u‘lulls
of 6.7 million particles per cubic foot undor controlled conditions,
The chemical and petrographic analyses of dust samples were exposure in all other oceupntions can be hept below 5 mitlion particles
(If’“’“”“""l from |,.“||, settled dust snmples and snmples obtnined per cubic foot. It is 1 bebl with improved methods of ventilation
dircctly from the air by menns of a vacuum cleaner.  No great dif- to reduce even the pi Kl ceaposure to less than the figure indiented.
OIEeS 1 HH Lo . " M o . H . -
ferences in composition were noted between coresponding samples I'he following recommendations ure ||nulm..
collected by these two lII('.llI!Nvls. Totul wsh was approximately 77 1. Dust should be (-(m.lrullml at the point of origin by means of
pereent f”,..“" the Hl'lllll)ltfs. N freo silicn (quartz) could be found on toeal exbnust hoods so designed and operated that no dust is permitted
petrographic analysis. to rench the brenthing zone of workers or to contuminate the general
Particle sizo determinations of Owens jet samples were made by - wir.  Dust-removal devices, which mie capablo of reducing the dust i
thiee methods, namely, (1) with @ enscope projection device (for do- concentration to a level of 5 mllion particles per cubic foot or lower, '
termming the rutio of fiber to particulate matter), (2) by means of a have heen developed for all operations in the nshestos tetile industry )
, (7). i
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2. Bince nnt rinl deaving picking mnchines is produetive of con-
siderable dust, storage rooms receiving such material should he ex-
housted. Worl ers who must enter such 1ooms while materinl is being
blown should Ve equipped with approved types of respitators.  No
materia) shoule be yemoved from storuge rovins while the piching
machine is in ¢ wration.

4. Clenn wir should repluce the dust-luden air removed by exhaust
systems attack «d to the equipment.  This requires, in event of recir-
culation of wir, that dust concentrations entering any room be kept ut
levels compurnale to that found in ontdosr air,

4. Periodic studies of the condition of the working environment
appenr necessury to determine whether the contral methads adopted
are constantly adequate.  This requires that dust concentrations be
determined for ench vperation. Ventilution weasurenients ave equally
important.  The wotk of inspection mnd review should be performed
by persons trained for such studies.

STATISTICAL DESCRIPTION OF EMPLOYEES
OCCUPATIONAL HISTORIES

At the start of the medical examination the physicians guestioned
each worker to abtain g complete record of all the jobs at which he
had worked.  This informution was recorded on the portion of the
physical exumination form reproduced in figure 27, Alter the basie
census data (mume, age, sex, color, and marital status) hnd been
recorded the worker was usked how old he was when ho fiest began

CASE RECORD

OCCUPATIONAL HISTORY

T wonmme Sonbrrions

RS conrao. umAsumas E3C

usuaray -
srzcine on ey

FIGURE 27 - FORM US.FD FOR RECORDING OCCUPATIONAL HiSTORY,

indastrial work,  Thit 1 2! ¢ was subtracted from his present age,
und n live of questionihg was begun to clicit information on the work
donein the intervening yeaurs.  No occupationnl history was regarded
ng complete until all of this time could be accounted fur by definito
entries.  The job he held at the time of the study was entered on the
top line of the ocenpantional history, together with the number of
years he had held it, the nnme of the department in which ho worked,
und any other pertinent data that could be obiained.  Next, he wus
nsked what fin had done previously, and again o complete entry was
mnde.  The namo of the factory was entered for euch period of em-
(15
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ployment in tha asbestos textile indostry.  After each job had been
nccounted for, the worker was nshed what he hind done before that.
1w mn had worhed in nn industry in which workiers are known to
be exposed to pnenmoconiosis-producing dust, entries were made in
the last colimn o show what materinls he handled and whether or
not dust-control mensures weve in wse.  Information on previous
employment in dusty tindes is of puramount importance in w study
such as this.  Any cases of prolonged exposure to pneunoconiosis-
producing dust other than ashestos must be trented separately.

After the field study had been completed, an engineer assigned dust
exposure values to ench worker, following n procedure illustrated in
tuble 18, In assigning these values, consideration was given to each
job a worker had hield iu an ashestos plant.

The bnportance of the ocenpational history in a study of this kind
can seareely be overemphasized. It is the conneeting link between
the engineering and  medieal studies.  The  corvelations between
medical findings and dust exposure that adequats oceupational his-
torics mnke possible provide means for estimating the dust concentra-
tions to which workers may be exposed safely.

Only 23 persons reported previous employment in an industry in
which workers are known to be exposed to pnemnoconiosis-producing
dust. Such periods of employment usually were so tort that no
deleterious elfects would be expected.  Twenty-one persons had
normul hing-field markings. Only one of these 23 persons hnd
asbestosis at the time of this study, a man who had worked 3 years
in  foundry me d 10 years in ashestos textile plants.

COMPARISON WITH OTHER INDUSTHIAL WORKERY

Five-sixths [ the employees were nutive-hora Americans of Auglo-
Suron stock ar d the vemainder were Negro males

Before begin ning work in nshestos textile fuctories, more than 200
of the 541 pers s bad worked at similar ocenpations in cotton or wool
textile plants. A huge proportion of the employees had worked
on farms cither before heginning industrinl work or in intervals be-
tween periods Hf industrial employment.

About 15 momths hefore this study was begun, approximately 150
workers in these asbestog textile nctories were replaced by worhers
with little or 10 previous ashestos exposure.  Although an effort was
made to exnmine us many as possible of these former workers, less
thun half could be examined.  Partly ns a result of these personunel
changes, the group of employees examined in this stndy had an un-
wsunlly low nverage age. There was an abnormally large percentage

of workers with less than 5 years' employment in the nsbestos textile

industry and an abnormally small percentage of persons who bhad
worhed 10 years or ware in this industry,

47

Tam e 21 —Age distribution of asbestos workers
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Fhe low average age of this group of asbestos textile workers must
he kept in mind in mnking comparisons of health conditions in theso
fuctories with health comlitions in American industry in general.

TanLe 22.— Average age of while male indusirial workers

Puhlic 'linhlllﬁ
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The average age of white male induatrinl workers is less in the
asbestos textilo fuctories studied than it is in 14 other industries in
which the Public Health Servico has mado similar studies.  White
nales employed in ushestos textile fuctories average 32.1 years, white
femmles 30.4 years, andd Negro males 32.4 years of nge.

Taoe 23.—Length o, L urend §n the asbestes lertile indusiry

enrs empluysd In ashestos textile industry
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Corvespondingly, the avernge length of employment in the nshestos
teatile induostry is relutively short.  Only 18.8 pereent of the employees
hnve been employed in the ashestos textile indastry more thun 10
yenrs. L the 13 industries inchided in table 22 for which information
on length of employment is rendily available, ondy two industries huve
ng lurge a percentuge of employees who have worked less than 10 years.
This iy purtly acconnted for by the [act that the nshestos textilo
mdastry is of comparatively recent origin in this country.  Only one
of the plants studied hnd been in operation hefore 1920.

MEDICAL STUDY
PROCEDURE

A mediend examination was made of each worker employed in the
asbestos textile factories of North Caroling during the winter of
1935-36. A group of former nshestos workers was also examined in
order to obtain o complete snmple of ashestos-exposed workers.
Office workers and other employees not exposed to ashestos dust were
included in these examinntions.  They are clossified us controls.
Included in this control group, which numbered 76 persons, were 27
persons secking employment in the ashestos industry for the first
time,

Before making any medical exnminations the 1wo physicisng mule
un inspection tonr of ench fuctory in which this study was made in
order to funmlinrize themselves with the various jobs or eceupations
involved in the masufuctoring process. This is a necessary pro-
requisite for tukhing a usable occupational history.

Space for examination and flaoroscopic rooms amd Inboralory was oblsined at a
locution as convenivit aa possible for all e ed.  Awimprovised darkroom was
wned for flnoroscopy amd for processing the X-ray films. 1o un udjoiving room, the
wedienl cxaaninntions were e hy two physicinng apprositiately according to
the fullowing setisdale: Four persons at 9 a. me; four at 30 30000, four at 1 po;
four at 2 p.owg and four at 3 p.osn. n other words, about 30 minutes were re-
quired per examination.  The routine nsed in the study of pnlmonary tulwreslosis
was followed in the exsmination of the chest.  After tho history aud physical
findings had been recorded, the group of four was Buoroscoped and ehest roentgeno-
gratuy wero tnken. A few exsminations were wado in the evening, and other
adjustments were made in the sehedulo so 88 not to interfere too seriously with the
work 1ontine of the employces.

At phuot A, the uring of worhers was exmined with particulur gttention to
amount of silicn excration.  Tu addition to this wetabolic study, routi sl
tiona wore made of the sputum of workers in plunts B and C for prescace of acid-
fust bucifli and nubestonis bodies.

Sections of the physieal exnmination form used in this study have
heen reproduced in severnl places in this bulletin as 8 menns of indicat-
ing the informntion thut was collected.
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PAST MEDICAL HISTORY
a - .
ek ot on was questioned in order to find out whether he had
previously had certain disenses which are of importance in the study
of chest diseases.

FAMILY AND PAST MEDICAL RIBTORY (tnsanr OaTa wnan POSITIVE)

Family Metory o T B oo e taaeicee o imaiaaieeeanenoeaisssecioennemoesmmesennnesaeeeees

Appetite. .. . ...

Biresgih amd SOONEY._...ooiiiiiieii eeeieieaeeens

Welght: Btatieaary.... .. .

FIGURE 28 --FORM USED FOR RELORDING PAST AND PRESENT MLEOICAL HISTORY,

Pabulations of previous ilness did not indieate that pnewmonia,
pleutisy, respiratory disensos other than the common cold, digestive
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distarbances, or prolonged contnet with an active ense of tuberculosis
had made prople more susceptible to ashestosis.  Frequent, disabling
colls were Ciore common nmong persons with advanced pulmonary
fibrosis thar they were in persons with little or no fibrosis, but this
probably is  result of (he fibrosis rather than a predisposing influence.

SYMPTOMS OF ASDESTOSIY

The chief symptoms usually associated with ashestosis are progres-
sive dyspnoan, cough, hemoptysis, emacintion, wenkness, poor chest
expansion, carved finger nails or clubbed finger tips, chest pain, and
cynnosis, I these respeets ashestosis resembles silicosis,  Early
enses, of course; woulll have relatively few of these symptoms and an
advanced ease would have nlmost every symptom listed.  The nppenr-
ance of these symptoms cnn be explained on the hasis of a more or less
genernl fibrosis of the Jungs and concomitant pathological changes
such as emphysemn, bronchicetnsis, and fibrous pleurisy. The
candinal symptoms of ashestosis nre congh and dyspnoes.  Theso two
sytuptoms occurred together and in combination with other symptoms
far more frequently than one would expect on the basis of chance alone.

Tante 29.—Number of persons who had certarn pairs of disorders, compared wrth
the swumber who would be ex pected to have them an the basis of chance alone.  Where
:hr differences are slutishically significant the observed numbers appear t bold-face
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As tuble 24 shows, 94 of the 122 people who complained of dyspnoen
had a cough also.  On the basis of chance nlone, assuming there was
no causal connection between the two symptoms, one would expect
that 36 people would have both conditions.?  Actually, the two con-
ditions are found together far more frequently than that, and it is
sufe to assume that there is somoe sort of causal relntionship.  Similar
considerations hold for most of the other pairs of impairments.

Typically, the cough of ashestosis is dry and nonproductive.  In

* 7 his value hins bren enleutated on the avcanepstlon that 02634 reprecents the prabability thnt any one of
he 4@ perons would haye dyspnoen and 0,200 tegecnts the probability that a person would have w congh,

These values are taken trom the second column of Rpures of table 24 T hen, 0,2036 X0 2981 X 40358 15

ol

some eases there is seanty, viseid expectorntion.  Severe puroxysing
of conpling ceepcionally ocenr in enses of ashestosis having serions
disability 2 ueh times highly tenncions sputum is ised.

Usunlly n compluint of dyspuoen was entered on the records only
when breathing was Inbored after nn exercise test (see p. 65) cartied
on in the presenee of the examining physicians.  The high percentuge
of persons with dyspnoen who were ablo to be at work is undoubtedly
due to the sedentary nature of mueh of the work in ashestos teatile
Inctories.

Blood-streaked sputim ocenrred frequently among persons exposed
to nshestos dust although there were only two active cases of pul-
menary tuberenlosis in the group.  These two ca- o hnve not been
included in tablea 25 and 26 and figures 20 and 30, The absence of
pulmonary tuberculosis makes hemoptysis a more significant finding,
119 presence seems to indicate that brouchicetatic and emphyscnmtous
processes are going on in the lunga,  The presence of ashestosis hodies
in the sputum (which will be discussed in 2 later seetion) also cnn be
interpreted na a sign of disintegrutive processes in pulmonnry tissue.

Wenlness nnd loss of weight are closely related symptoms.  Inde-
pendently of nge nud other fuctors, these symptoms increase in fre-
quency with increasing dust exposure.  They are accompmnicd by a
general bodily appearance not unlike that of fibroid phthisi-.

Nincteen of the 417 nsbestos-exposed people complained of a pain
in their ¢hests whieh is best desciibed by the term “substernal
tress.” 1t was vaguely defined and not as o rule very well loealized,
and it seemed o be an ache ot o feeling of oppression rathee thun a
sharp pain. 1t did not seem to be of cardine origin. - Only one of the
24 persong with n past history of pleurisy complnined of w chest puin
of this kind. 1t appears that substernnl distress may be conneeted
with the comgh or the dyspinen that nccompany ashestosis (tnble 21).

The symptoms of nshestosis are listed in table 25, where their

incidenee is clussified aeconding to the total dust exposure of the
persons nifected. For purposes of compnrison, the employees of
ashestos textile fnctories linve been divided into five groups, which
differed in dust exposure, one of them being a control group of employ-
ces who were not exposed to ashestos dust. A number representing
the total dust exposnre ca nssigned o ench dust-exposed employes
by multiplying the " 0 yenrs he had worked in the nsbestos
industry by the nvernge dust concentration to which he preswmably
had been exposed. His total ddust exposure is thus expressed in
million particle years. 1 o worker had ehanged fvom one occupntion
to another, o dust exposure value in million particle yenres was ealeu-
Inted for ench oceupntion, nnd these values were added together to
obtain his total dust exposure.®

¢ An examgde (tnblo 18) has beeo glven lu the sectlon enthitled “Jnlerpreiation of shisl cotnts *
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The percentuge of workers who compliin of cough, dyspnoen,
blood-strenhed sputum, and other symptoms increnses rpidly with
inerensing asbestos-dust exposure.  In all eases the percentage of

workers who are aflected by u particular symptom is larger than the
pereentuge in the control group.  Two of the cuses of dyspnoen found
4
COUGH %
0y e
.y =
c— A
2%
DYSPNOEA wy
” LY wt
—
BLOOD- STREAKED SPUTUM
% ¥y el M !
WEAKNESS . wy
s o% .
o oew % sy | |
CHEST PAIN v %
% % S ]
NO DUST  LESS THAN 25-49 8D -- 99 OVER 100
LXPOIURL 23

‘DUST EXPOSURL, MILLION - PARTICLE - YEARS

FIGURE 79.— PERCENTAGE OF PERSONS. CLASSIFIED BY DUST EXPOSURE, WHO
HAD CERTAIN DISORDERS

in the ¢ mtrol group were aecompanied by heart defeets severe enough
to lve cuused shortness of breath.

Tavre . Classefication of present complarnts according to the dust esrposure of
the affected persons
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Another indication that these symptoms are an integend part of
the symptom complex of ushestosis is to be foumd in the relation

53

these symptoms to the fibrotic chunges that oceur in the tungs.  The
degree of thye i can be estimated from the lang-flield nmrkings seen
on X-ray .« wcnanation, o subject which will be more fully discussed
in ulnter section.  For the present it will be sufficient to say that as
a result of long-coutinued exposure to asbhestos dust the novrmad or
first-degree exaggeration of linenr pulmonic markings become conrser
and more widespread  (second-degree linenr exnggeration).  Upon
longer or more intensive exposure a ling, interstitinl fibrosis sets in
which gives a hazy, ground-gluss appearance to the lung field (lirst-

COUGH
1y

V222NN

W/;}//M

BLOOD- STREAKRED SPUTUM S

CHEST PAIN

YA L}A % o

mmﬂm_
1" LINEAR 2° LINEAR 1° GROUND 2" GROUND
GLASS GLASS

LURNG FIELD MARKING

FIGURE 30.—PERCENTAGE OF PERSONS. CLASSIFIED BY LUNG-FIELD MARKINGS,
WHO HAD CERTAIN DISORDERS

deg
1

e ground gluss) und eventually almost completely obscures the
e markings (second-degreo ground glass).

Asbestos-exposed people have been classitied into four groups, ac-
cording to their lung-tidd mnrkings, and the percentnge of persons
linving eertain sympf; i Ly been caleulated for ench group.  lere
again, the incidenco of these symptoms increnses grently with increas-
ing fibrotic chango.  Such a relution is entirely to be expected for
dyspnoen, since the disense diminishes the volume of the lnng availuble
for the respiratory function.  ‘The high incidence of the other symp-
toms in the presenco of fibrotic changes that have progressed to the
ground-glass stago is additionnl evidence of degencentive chinnges in
the Jungs.
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Tarte 26.— Classification of present complaints according to lung-field markings of
the affectrd persons
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X-RAY FINDINGY
LUNG-FIELD MARKINUS

Tho clussification of Tung-fickl markings used in the preceding see-
tion is part of a scheme that was used in a study of anthracosilicosis

FLUOROSCOPIC EXAMINATIONS
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[ LR o
Fasmined by: . .. ..o .
X-RAY INTERPAETATION
Pitmw N

Quality of fitm.

Exsmined by:

TIGURE 31 - -FORM USED FOR RECORDING X-RAY FINDINGS.

(12, 51) . Itis, of course, highly desirnblo to hinve n system of clnssi-
tieution which will hehy in deciding whether o given type of lung-field
marhing represents an early or a lnte stage of a preamoconinsis, nud
this seh e has been deawn up o illustyate the probable sequence of
lung-fies I arhings that vecurs during Jong-continued exposwre to ¢

e .

pueunn: g o producing Just, Duting medienl studies of anthea-
cite nunes ., for instanee, all of the stages represented in ligure 32
were found,  Among ashestos-exposed workers, o the contrmiy, no
ense was found which had progressed heyond the ground-gliss stnge,
This constitutes a dilference hetween nsbestosis and silicosis that
Merewether (25), Lanzuw (18), and Panconst (29), nmong otherg, have
commented on. Further investigntion will be needed  to decide
whether this ditference is due to n peculinrity of asbestos dust or

SCHEME OF X-RAY INTERPRETATIONS

LUNG FIELD APPLARANCE
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FIGURE 32 --SCHEME UISED IN CLASSIFYING X-RAY MARKINGS

whether it is due to the rare oceurrence in ashestos teatile mills of the
excessively high dust exposures (100 to 300 million particles per cubic
oot and inore) found in certain other dusty trades.

tn o typieal ense of axhe-tosis the lower Ll of the chest Xepay filin
has a fine, granular - poacimee which Merewether (25) aptly de-
serithes ns “gronnd pli oot infrequently, there is more fibrosis on
tho right side than on the left. The presence of emphysemn in the
apices, which resalts in inerensed mdiolucenee, tends to exagperste
the clondiness of the buses of the linga.  Einphysema precedes the
groumb-plass appenmmnce of the bases.  Cheat, N-rays of individunls
with pueumaoconioses induced by other silientes, with the exception of
micn,® do not regalnrly show the basal Toenlizntion of fibrosis that is so
chnrneteristic of nshestosis.
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L]
ular fib ropacoon s un early or an advanced stage of pulmonary

when viewed roentgenographic i
genographically, n phenomenon discussed by offyey Bbrosis.

mvestigators. This seems to be of more frequent oceurcenee

llhu worher hns been eaposed to dust containing u high n'u‘:”» ‘“lw"

tibers (the dust. produced in twisting ar brmuﬁ:loth Wl'lll\'illl "“ “"'fl."f

stanee) than when he bins been exposed 1o short ashestos ;:nli‘i:-l::l-
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Floune 33 - Peace :
‘r‘t.::::. 2’?11 r“‘L"CLNTA?E OF MALES CLASSIFICD BY AGE. WHO {AD CERTAIN
o HO)“:'::Z::::,; 22.9- MEN HAD NO PREVIOUS INOUSTINAL DUST EX.
16 ASOESTOS Dusvr XPOSED TO KAOLIN DusT, anD 357 HAD BEEN £ XPOSLD
:.uu:h us those prm!ucml inenrding,  Further study would be necessury
in order to estnblish this poin. .
lil o ik
ll u::l.a.: sibic “;m. nodulur and conglomernte shadows are pot found in
ashestotie workers ip th ; i ) i
e absence of tubereulos : " ¢
The principal difference d; ! il n lllnsl:f or other infections,
'- { crence discernible on un Xeray fitm between i early
u:u an ml\{nm-ul stuge of ushestosis lies in the density of 1the gronml-
s . . .
:,, nss s kings und the degree to which the linear pulmonic -~
mee been obliterated, Although fivst-degres and second-. ¢
oyl Ndere .
eronnd-rluss nekings have been tubulated separately in seversl
T LU PIVIFS FRTH PN | S

There is, of comse, an incrense in the prevalence of lung librosis with
wlvaneing uge.  Becuuse ground-glass appearnnee of the lung ficlds,
shich is indicative of line, interstitinl pulinonary fibrosis, i3 4 most
mportant dingnostic sign of nsbestosis, it is necessary to evalunte the
relution of this condition to age and other relevant fuctors,  From un-
published datn eollected by the Public Health Service, tubnlutions of
lung-ficld markings in relution to age were made ou two groups of men.
Une group comprised 229 men who hnd never been employed in a dusty
trade; the other group inclhided 80 men engaged in nining wiad «éhing
knolin by wet methods.  The percentage of men who have n second-
degree exnggeration of the lnear pulmonic markings increases with
alvancing ago. It is significant, however, that in the entire group
of 309 men there were no cases of ground-glass lng-field marhings.
Other studies confirm this.  Dreessen (43a) exumined &0 men exposed
w mmrble dust; 18 perecent had second-degree linesr mackings, but none
fadd ground-glass or nodulur markings.  Similar data are available
42) for 201 men employed in porthind cement mills who were ex-
wnined by Gardner and Snmpson. No enses of granular markings or
of discrete, nodular fibrosis were found.

Ju every age gronp the proportion of ashestos-exposed men who hind
sdvanced stages of pulmonary fibrosis is greater than in the wmen pol
exposed to ashestos dust.  The percentage of men with ground-glass
tuaig-field markings increases with advancing age.  In view of the datn
for the two occupational groups just diseussed and of the relation
between this condition aud length of employment, it appears that the
renson why the incidence of this type of pulinonic markings is corre-
luted with age is that the older people hinve been exposed to asbestos

Tawmk 27, Itclation of hang-fidld mmlm‘;s to age. Men sceking employnient in a
dusty lrade for the first time, kuolin workers, and men employed sn asbestos (estidc
Jactorics
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dust fu?' f'"’ longest titme, 16 would be important to kuow 1 he more than 10 1 ough it is impossible o aceonnt for tl
sllsvl“plll)l“l'y to asbestosis varies with age, but these d‘”\m;“ Whether lifferences entively, it 1. po Jible that one factor may b the dilference
lli'l:u estensive enongh to test this poing sutinfuvtm-}.ly i de notseem m physieal exertion thnt dilferent ocenputions require, 1 a sedentury

Pl prevalence of grownd-ginss bng-Lek) mih i erenses o wenpntion, shallow hreathing might be adequate to mect » person’s
" cies greatly ¢ such o person would inhule less air, and conse-

PLAINTIFF's

. with incressing tength of e respiralory neee ’ e
lr““ ployment, as figure 31 show quently fewer ashestos purticles, than a person engmged n vigorous
; ware i 5. . .
The incidenee of grownd-ula musenlar work who was obliged to breathe deeply.  Some of the '
D N = B~ . P . . . .
224 lung-field  minrkings "L"" i'“ inddividun] differences to be found in these datn may be due Lo differ-
) hng » - . 4 e
creases with incrensing  duay in tho tota) amount of wshestos dust inhaled.
. (.'.\l)“h'“l?. _—
21 7 ] ‘. . . S ~ \
n s 36, whiech is Dinsed

an l.uhlu 28, the heights of (he
verueal bars represeut the peese
centages of ushestos workers in
dilferent exposure gronps wha
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FIGUHE 34.- HELATION OF GROUN; GLASS

%lle-Fl[l'r) MARKINGS TO LENGTH OF
EMPLOYME 9T,

had graund-ghuss lung-ficld
marhings of either first or second
degree. The 76 vontrols hay o
been excluded from this tabula-

tion and o number of workers whose dust expasies wus not )
l)fwn nlsn. been omitled.  Many of the Pecont s \‘ul;l(" ] ‘“‘H;"
viewed wi b f:ﬂﬂUuﬂ becnuso they are bused nu,amuH n:m:lI“T'l' .;
warkers,  FPhis s particulutly true in (he groups with 4 ‘"h y
i years' anployment. . ot thun
Considezing the four *°
dust exposura  groups =
ong b time, thero iy
w consistont nand yegubnr 20
ierensa in the pereent- PO
wze of petsons with ud-
vaneced stages of lang
Iilbosis with incrensing
length of emiploymicnt.
Age, of course, also in-
crenses with Jength of

cmployment, but theso
tibrotic chunges cuntot FIGURE 35 - RE1ATION OF GROUND-GLASS Lirie-
FIELD MARKINGS 10 DUST EXPOSURE

OF wOHngus

ArFECTLO

o-4% 399 wiee  owim 20

OUIY CONCENTRATION, MW LION PARTICLES PER Cu ¢ T

be wseribed o ndvane-
g nge hecauso, us tulde 27 shows, filvotic clunges of this degree are
ot to be expuected in workinen of comparable age who are not esposed
to silicoous dust.

. Obviously, there aro greant differences between fdividunds in the
time thant c!upsv.fi fromy their first exposure ta ashestos dust nnd the
time that lnhmflc chunges o evident on X-tay examination.  in
some pessons this was much less than 5 years and in others it uppears

FIGURE 36 -INCIDENCE OF GROUND GLASS LUNG-FIELD MARKINGS (N RELATION
10 LENG TH OF EMPLOYMENT AND DUST CONCENTRATION

Fani 28.-- Prapotion of asbestos festile workera wath ground-glass lung-fickd
markings
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1t will be noted that the relation between dust exposure and the
incidence of ground-pless Jung-field murkings W onob a shimplo one.
Bven if length of employtient is disregarded, as in figure 35, the
acidence of groutd-ghes markings is propottionntely lower at 10 to
19.9 million pusticlos per cubic foot than it is at the next higher or
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dust suspended ir;, “.Orll\‘n.c 6 slu?ws, ,”.wm are many long fibers in the llnelr_ working h!n. Ouly two of ‘l.hc 76 controls had any imp u:nt L
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additional point m-(-d l"(u. M I‘)l‘l‘ll dizenssed (p. 23) and only one normal dinphruginn ""w"""‘."l". nm-l slight (), moderato (;':1 ) A
e mentioned here. A fiber 50 microns in orsevere (|- -1 - ) dinphragmatic fixation hans !n'nn cnluulul.ml. I'hese :
it would be counted |u-r‘(’n|ltugus have |wc||. r('pn-aonh‘fl |r¥ lhfe heights of v«:rllcn| bara. o
Severe forms of dinpheve atie fixation accompnnied advaneed [
PR

le i i
,,s":f,‘,l,. is m'l.p:llhlo of venching the himgs (table 37);
r prrticle i i ' .
"“,h.lvl " 'i"(:‘m :;mkm;?v dust counts, and yet it wonld have approsi
mately [ i "':. u:r;u.lgh(, of n fragment of the same libor nnl\l |
et 11 | m‘:,,,i , 10 2 particles would have the same inllnence
e Tone 1w o ,' ot one would enrry 50 times ns much nsbestos
‘ . - e T L * stos (0
i~ “M"r:':nl u‘r il both were mbaled and retnined.  Unforty-
" “,;.v | “‘. |,,l "“'.‘t‘“."r the weight of dust in the nir were not mmle
y 1 ren, 1tis possible that i ' ;
! ) 58 1e relation betwee shes d
and dust +xposure might have been nltered oo mbestints

stages of lung fibrosis. Ao

lung-ficld markings, 9.5 pereen
ment.  OF tho 22 persons with second-de
warkings, 68 percent hnd impaived dinphtagmatic exeursion.
a rensonable finding, sinee lung fibrosis winl dinphragmatic limitation
appear o be part of the smue process,

¢ hindd impnired dinpluagmatic move-
¢, ground-glass lung-fiekd
This ia

v persons with first-degree finear
.
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Dinpheagmatic slhnormabities, such as penhing, did aot ocenr to any
signiticunt extentin ashestos workess nlthough (hey wie common among
o a study of granite workess enviied on by the
Pablic Health Serviee (48, p.87) 2 levegulasities of the dinplirngm were
mther constant. Forty perecent of enses had evidence of it, nnd ss U
condition advanced there was an inerense i changes of thae dinphsge-
vmtie shadows,  Thete were instanees in which wngulation of the
dipliragin was in evidenee, nnd others which showed indieations of
" study of antheacite miners enrried on by
the Pablic Health Service (51, p. 88): “Decvense in the matibitity of
the dinphragm as demonsteated by tluoroscopy  was  frequendy
observed.  Fhis nalfunetion, veeying from shight to proctieal tisation,
incrensed with the severity of the pulmonary pnthology.  Nat in-
frequently adhiesions between the viseeral and diapluagmntic pleusa
could be seen.”  On the eontrmy, in ashestosis, with the exeeption of
one wnn (G 48), there was no roentgenogeaphic evidence of din-
phivngemntic prahing. It appears Ot the limitation of movement,
whieh is a detinite part of the symptom comples of ashestosis, may be
due toinelasticity of the lungs sud binding of $he fungs to the patietes
and the medinstinul steactuves by ibvous plenritis.  (See patholgend
section.)

persans with silieosis,

extensive udlesions,

PHYSICAL FINDINGS

The objective symptoms that ure most frequently observed and maosi
useful in establishing n dingnosis of wshestosis ave general appearanee
of il health (partienhuly auy stgos of Joss of weight), the condition of
the fingee nails, und dimnished ehest expansion,
obviously appear dute in the conrse of the disease.
sus seem (o be tmited to mbventitions sounds.

These symptoms

The usetul vhest
Disunished bieath
sotnds, protonged expreation and craelding viles over the bases ol
the lungs and interseapubur veglons seem (o avcompany ashestosis.
Vatous 1ides and adventitious sounds were heard i the chests of
5 pereent of the persons iy the contiol group. Riles wewe noted in
1 pereent of the ashestos-eaposed persons who had nermal Jung-
ticll tnahings or whoe bad only  fist-degree linear exuggemation,
However, in the geonp of persons with ground-glass lang-field mashings
(persons whe b nsbestosis), 49 pereent ad viles or other advenn-
tions soumdds, In nbont two-lilths of the enses, vides persisted nlter
congh.

Changes in the percussion note are hand to evaluate, probubly
beeause the condition tending 1o give n dofl note is counterbalnneed
by genctnlized emphysenn which produces hypecresonnnee, The
ubsenee of loealized arens of conglomerte ibtosis und loealized arens
in whicl theie s marhed compensatory cmphyseinn obvionsly ac-
counts for the lael of move delinite findings,
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my appear to | 2 ctvophied. In other words, the general
appenranee of the cocat s tint of fibroid phihisis plus enphysena,
Among the conditions that may reduce ehest eapansion sro pleural
adhesions and the relative inelasticity of fibrotic lung tissue.

RESPINATORY RATE

The direct effect of pulinonary fibrosis on respirntory rmie mny be
seen in tublo 33, Before the exercise test the respiratory rate of males
with growd-glnss lung-tield markings was higher, but not signiticantly
50, (han the respirntory rato of mules with first degree linear esaegern-
tion of pulmonic markings. The excrcise test consisted of g
the subject stand with ono foot on a box 14 inches high and to raise his
olher foot to the level of the top of the box 25 times in 30 seconds,
The respirntery movements were connted during a 15-second period
preceding the test, during o 15-sccond period immedintely after exer-
cise, nnd during a 15-second period 2 minutes after the test.  Exercise
raised the respirntory rate of all four groups of men, but the rise in
respirntory ruto was dependent upon the degree of pulmonary fibrosis,
the men with ground-ghiss lung-field markings being affected most.
After 2 minutes’ rest, the fall in vespiratory rute was again dependent
on pulmonary fibresis.  The respiratory rate returned most closely to
the preexercise rate in men with noral pubmonic markings or with
first-degree linenr exaggerntion of lung-fiell markings. The retwrn
to the preesercise rate was slower in nen with asbestosis (ground-

‘gluss lung-fichl mackings).

TasLe 33.~-Helation of respiratory rale to lung-field markings in wmale asbestos
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Tavre 3H.—Influence of anthraco-silicvsis on the respnatory rale of anthrocite
minera !
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Similar relations were found in n study of anthracite miners.

men with anthraco-silicosis the respivatory rate was definitely higher

than in essentinlly normal men before exercise, after exercise, s
nfter rest.
CLUBUING OF FINGERS AND CUNRVING OF NAILS

Many vshestos-exposed workers, parcticulmly those with fong dust
exposures, had o defonnty of the finger nnils. The terminal phalanges
miny becote so buthous that the finger resembles the end of n drvim-
stich, a condition conveniently deseribed by the term clubbed fingers.
Usually it is secompanied by o downward carving of the end of the nail.

The affection is alimost always bilaterally symmetiienl and often
involves the toes as well as the tingers.  {L is conunon in pulmonury
tubereulosis. I bonchicetasis, empyema, and  congenital  heart
disense ibimay be scen in ity most exnggernted form. Such exaggern-
tion, however, was comparatively rre in ihis study.  bnoa sty of
2700 (51) anthracite workers, tho deformity, regandless of degree,
was observed in about u third of the workers baving unthraco-silicosis,
but was present in only 4 percent of the controls.  The real signifi-
ennee of the atlection has not been determined. Norris and Lundis
(62) state that in all probability it is a mandostation of long-standing
toxemin associnted with phithisis or bronclieets . The bronchiee-
tutic and erphysemmtous changes noted in e ashestotic lung at
autopsy prabably aceonnt to w great extent for the eccutrence of the
change in the workers with ashestosis.

Tanwre 35 - Number and peicent of asbostos-erposed warkers who had clubbed fiugors
or cwrend finger ks, clossified by hong-ficht washong

Lung fichl amarkongs B f
Pregeee ol labbing Fiest degroo | Seound degres | bostderies | Second degeee |
and e ving hnear fiowear el glioss krosmd gl Tolu

LTSN B R Num Yere | Nome |oVer- § Mo | Ve
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Nortsin) . Cee a7 i 62 bl ET) [ i o 431
+ .. - 37 1z 1 [E} [ 2t " 21 [
i1 . e [3 E] “ [ 5 " 2 [ o
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FFive controls (6 pereent) hnd cawrving of the mails,  'Fhis pereentage
was muel higher (19 2) in the ashestos-eaposed group,  Thirty-nine
pescent ¢f the workers with first- or second-degree ground-ghiss
lung-field markings had this condition.

MEART DEVECTS

Tuking nge into considesation, bood pressare values conformed
closely o the values found on exmnination of 10,143 male industrinl
wapliers (A0).
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ASBESTOS CONNN

Ashestos ¥
shes cont ’ ik .
w1y Toont lls wre warllike callosities, 1 non to 5 i
> b ' 0
sionall d on the palinar surfuce 8 s or §i et il e
m; y on soles of feet or on the legs (e 1 ‘lq"; ngers and ocey-
on the palmar surfae ’ see g 3%a). Their presene
worl crslonl &:I-'["“,s of the hands is expliined by the rl'“ntm '
h weak N 8 1 '
under l'l e nking threads of ushestos, foreo tiny shivers fm et
w skin where it inits g ! ol nshestos
reponso | \II where it initintes a foreign body 1 I Ml":;:"h
sponse a8 characterized | sponse. FPhis
Y e § y hyper 1 ns
Fible 36 shows that the oee Yl I)l."s'" and hyperkeratization
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) weir hngers, or i . b noving
R n which the . o
thiead's " ' v they are oblige .
with their hands or to knot threads together ged o break
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Microscopic i
: tieully, Dewirtz (10 :
of slow chronie loenl irritul(inn) Sl:;"l‘s 'llml ol Wit & vitare
. ¢ . io horny and Malpighi
of the shin are iner yoand Malvigl ‘
nl e ) ghian strat
b e Ilumc«l. Round-cell infiltration s noted particul n'I.I
i tho paril |i’ unyer of the dermis.  Ashestos fibers or erystal e
‘ » " \ ! o stnls nee
o necn o N.i:.ty n{u:l regarded by Dewirtz as the agent l'({xlmn il l‘
thening o 10 ret t0S | .
ool T ntehoninig of Uy - ¢ mucosum, basnl Inyers, nnd the gin
ol fonation. (3 y' ( hl) hasg also found asbestos fiber in (he corn
ushestosts bodies of (! , ™
s noted 23 of tha type observed | hestoti
» ot : hoasbhestotice
e linl(" “""1 wc:lo rlnhsuut. The workers have themselves ealled
se ¥ otumars “asbestos corns,” wits, 0
stos corns,” or ashe : i
e , ashestos wuits, N
! e ™ - 3. ol -
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s liber he inco dely » ] ot Iy ool
mpletely removed, it recurs with greater hy perplasii
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ist

Most of the workers so afllicted i

beeause of the added travma.
I before the cotn is cured.

that cvery bit of fiber must be remove
ully, however, is medical relief sought, and in such cuses

Only oceasion
Dowirtz (10) advises complete surgical removal
i

LABORATORY FINDINGY

ABRESBTORIE BOBIFY

d by several investigators on

Unusual structures have been observe
died from us-

histologicul study of the lung tissue of men who had
bestosis but no detuited deseription appeared until 1927 when Cookes
(9) and McDonukd (22) published photomicrogruphs nnd discussed
the conditions under which asbestosis bodies are formed.  Their
papers apparently awnkened interest in the subject and several papers
on ashestosis hodies appeared soon afterward.
The following review of the literature on asbestosis bodies is far
will serve to indicato the kind of information
that s been put on record thus far. There is good evidence (o
show that these hodies originate as a cellulur response to an inhaled
ashestos fiber. The core of the hody is un asbestos fiber which is
surrounded by protein dopusits.  Apparently asbestosis hodies are
formed only in the lungs. They have been recovered from the feces
(36), suggesting that they pass unchanged through the gastrointestinal
tract. They have not been demonstrated in the nibestos corns which
form on the hands of ashestos workers (10, 57u), nor in the peritoneuti
of experimental animals (57) into which the dust has been injected,
Gardner (57) found the “hodies” in the lungs of dusted guinen pigs,
but for some unaccountable renson found them to be sparse in simi-
Jurly exposed rabbits.  The hodies can usunlly be demonstrated in
the sputum of patients with asbestosis, although, nccording to Lynch
and Smith (38), the sputum may be negative on repented exuminntions
even in well-established enses.  For cnses of this type, lung puncture
(40) hus been suggested ns a dingnostic proceduro.
Asbestosis bodies are variable in form (fig. 39a) nnd in size (tablo 37).
Characteristically, they are slender, elongated, segmented structures
wls which give them a dumbbell or drumstick shupe.
body such as the one marked 1]
he cne il trated in
annation of

from complete, but it

with hulbous el
Ocensionally, o forked or Y-shaped
in ligure 39 is encountered. A rosetto such us t
the center of figure 39 was observed only once in the ¢
sputum samples from 281 persons. Rosettes, however, are common
in sections of lung tssue. Stewart, Tatersall, and Haddow (41)

sny,
Wo suggest that the findings of & large elump or clumps of nshestosis bodies in the
secibed is a clear indieation of distutegration of lung tissue,
tironcho-pneumonia, ke in our first
T wither caso it @8 resson-

ppufum ny here de
whether by a process of wimple suppurative
¢ o, o ron reand! eeandpry ol renlens infection
15 atso o delinie waderlying nshestonin,

abie to conclude that thei
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The asbestosis bodies illustrated in figure 39 show some of the
in size and shape seen i spalum smewrs. Five of these
nshestosis bodies (A, €, D) I, K) were found on the sume slide. This
siinple of sputum was obtained from a 37-year-oblanule spinner who
had been employed in the asbestos industrey for 738 years, exposed to
an average dust eoncentration of 8 million particles per cubie foot.
Beenuse he made no complaint of any of the major symptoms of
ashestosis and beenuse his lang fields were second-degree linear, no
dinpnosis of ashestosis was made.  The bodies labeled ¢ and 1 camo
from another mule spinner, » 37-year-old man employed 2% years in
an avernge dust coneentration of 7.9 million particles pee cubie foot,
Exeept for o cough ho had none of the symptoms of ushestosis and his
lung hiclds were essentinlly normal.

In several photomicrographs of the “ashestosis body,” the asbestos
tiber may be seen elealy.  The bodies nre somewhat fragile, and frag-
ments (such as L in fig. 39) often occur.  Unstuined specimens aro
golden yellow or golden hrown.  They do not stain with the aniline
dyes ordinarily used in histology, but they stain blue (prussinn-blue
renction) when treated with potassium ferrocyanide ®

Asbestosis bodies ean be demonstrated on sectioning Jung tissue.
Sinee they mise w3 a tissue reaction to an inhaled asbestos (iber, their
size is important beenuse it indicates the length of the asbestos fibers
that may reach the lungs. The greatest length of the first 168
ushestosis bodies found during the study of prepured sputum speei-
mens was measured on eamern-lucida deawings.  lvery ashestosis
body was mensured and the frequency distribution of these measure-
ments appents below.

varintio

Taunk 37.-- Frequency distribution of the lengths of the first 168 asbestosis bodies
Jound 1n sputum smears
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5 Glayne's 7)) anethol was tsed i tho present stisly of nsbestosts bodies linspasaon A sunple ol spututy

Js thiguatod with ategunk yelnnie of concentrotod wntiotmin, cont ffugod st maderate spacd, the sntilonmnm
by plpettod off, wied ropluced with o following mistirs, 2 percenit potassiuns fecea cynnkde, §paat, 1 gt
Brysdrochborio uchd, 3 ports  "Fhe tubw iy shaten vnd allow ed to stnad for §: ta ) onr. 1413 than recontrl:
fugerd und the smterul nonmtul #9 o wet prepurution  Wath thas techinigue the sshestonds hodies are
colored brltiunt blue I imountold without trontamont with potussinn ferrocyunide snd hydrocidogic woid,
the bunlies are golilen yollow bn oolor.

44302 -8 — @

PLAINTIFF'S
EXHIBIT
15101¢41) K

i
|




72

.
I'he nshes IS .
vor sln stos bodies ranged in length from 10 to 128 mier hei
e e length was 351 microns,  After completing  thi s; their
LANne s e . . M8 S Ty
" mensurements were discontingted cinoe this L seres,
f"rw‘ enough sample to indieate the siz I 3 seemed to be n
requentl o ) > size b hestosis bodies .
qlmltm. Y “-"""I' Ihe largest body found in subsequent st I"m?‘t
! n spee . . sube Cstudy
be no ¢ I(l( |l"| ns mensured 184 microns in length.  There . ;‘[
' rompletely satisfne . - ‘re seems e
bodios ‘l el y satislnctory explanation for the absence of asl -
« mensuring less than 10 microns in length shestosis

Asbestos a i
shestos appears o differ from otl i
duShestn nppes i 1eF PUeuImoconiosts-pr i
" ':I:L:lh l"]T“ tll, to the size of the Inrgest particle that lllm‘;lmmlu
J rs. e Inrgest ceported v - i ot in
e ! - ! ‘ ppe limit of size for rock b i
(r’l)p,;»h: II‘IIII.(S of hm.nlh Africa and in the granite (48) and a l‘lluh"."l
51) industries in this country is 14 microns. The tabll 17
are in hanmony with a concept that | I “'."““' of table 47
uro tn hannony % cep s heen gaining support i
e "h.V‘ 'I'_'S. :nlum ly, that particles beyond 10 mi«-mnsl‘i‘n qil7:ml|t l;‘
s alveoli. ensmements indiente 0 i { nir snes
the o v | ! ! ' mt the dinmeter of air saes
" .y(‘ :‘l fl;DIII Il.nﬂ Lo ..mo microns in adults, or, in other words, 0:: :.mr
» that nshestos liber or resulting nsbestosis bodies mny ll»é r('a;(;i(l\:'

accommadated.
sis bodies
es were found more frequeatly in the sputum of

Asbest
persons who eo i
e with l:llpllllll(‘&l of a persistent cough than in the spution of
SrHONS o g i n
o — ll(:l lll (:mgh.‘ This is a reasonable finding, since the act
uls to raise i .
o P i ‘Io materinds from the langs.  Half of the
o | | plained of dyspuoen had asbestosis bodies in their
w "mi \ sess than a {ifth of the 225 ashestos-exposed people who did
) ) ! h * «
HI,.,“,,“\ ;\Lhumipltnlunt of dyspnoen had asbestosis bodies in their
. nost the smne relationshi ; .
snne ions i
ol hip holds for a complaint of
Asbestosi i
shestosis g i
e ‘Im(h(-s.x were fou.nd in the sputum of 46.9 percent of
e r.‘ :2; ondition was dingnosed ns ashestosis. A much small
na whose condition . stosis. b sinanller
D hm,' "“';(l 'pq.u;‘ntl,. of essentinlly notmal  ashestos-exposed
SORS shestosia bodies in their s ¥ it nppenrs
. oulies sputtim. Thus, i T
the pre ence of ashestosis hodies is evidene et
d"ﬂll' b L .L is ol ocoss h & . 3 evidence 0f (‘XIND.\'I"I'. to llh""'.\""‘!
. . cssurily a dingnostic sign of ashestosis
tosis bo lies were found in " T e e
osia b lles e t ; nI e sputim of persons who had been exposed
she itos st for as s i ! ork
o ol s e 1 e I()l‘:.:l time as 3 months.  Of the workers
A year, 22,5 pereent had ashestosis bodies in their
f nry ree K \
A r-;‘r”|mluntu§:u, :m pereent, of workers employed more
p”‘”‘"“’,. ..tuu wse bodies in their sputuwm.  In ovulllnl.in[.: these
per ¥ :,Ls it mnst be remembered that they nre bused on the ('\nmi‘
on of a ¢ speci i o !
i of qmlglh; sputum specimen from each individual. 11 severd
specimens ¢ ¥ . |
Al wm«m ‘| mlvc. lnlw-n collected and examined, the percentage of
KOS 1+ ashestosis bodies w i higch
: s would almost cert i
N : " s ainly be much highe
o ashestosis i v of the
76 b |. :)mlu's were found in sputum snmples from any of the
persons tested who were not exposed to asbestos dust .

w3

crensing dust

I'he incidence of ashestosis bodies inerensed with i

expuosure.
1o arcurrence of washestoria bories

‘Tant.e 38 —Relalion of dust concenfration

Number Nunber Proent
Welehtocd st expueire | o m'“".‘ witlisshes |+ <6 ben
' Lol Tblen| pews el

Total axpased 2 i 20
(IR L . L n ‘ 16
S0y . . . - . w 2 219
Win 19y . w ) na3

2] » 381

20 nivd over

SULTH OF TESTS ON URINE

U

Fach person cmployesd in the three ashestos plants studied was nshed
to bring a 24-hour snmple of urine in a metal container provided for
thet purpose, In addition to the standmd clinienl tests, the silica
content was determined by the method of King and Dol (59).7 of
the 416 persons exposed to ashestos dust at the Lime of the study, urine
analyses arc available for 403, nnd these results have been kept sepurale
from the results of urine tests made on 67 persons whose work did not

exposo them to ashestos dust,
Albumin was found in the urine of 10 of U

in the urine of 10 of the 08 white females; and in the urine of 3 of the 67

negro males tested. Only one snmple of nrine (from o white male)

contained sugar (Benediet’s test). These rles of ineidence are ne

higher than in the controls and, imsofar ns published data are available

for comparison, they seent Lo be no higher than the rates genernlly

found in industrinl populations.

a0.— Relation of urinary ailiea t

he 248 white males tested;

TanLe

o dual cxposure

st caposute, mill

n pacticles per cyhic ot

rinury shiica Conteals |- T T
IR} Alowy Nin e Oyer A

4 sitien per S ce LR TURE 38550 N0 2 GH I R 20 1 A4t 0
4 sl e dny o 30 454 .14 | I 52 R0 ] IEY M| MW W7 &N
nh w (U] 7

from 07 to 111 g

esent in concentrations nnging
for woups of

silien concentration:
ly (tahle 39) do nut imdiente
y simple relntion between the exposure to nshestos
s of hydruted Jungnesinm silicnte) and the con-
Rather, it appears that the valnes for

ol wbis Inthe urioe consisislnthey
o Jeplh of color bieing B

Silica was pr
per 100 cc Average wsinary
persons whose dust exposure vatied wide
that there was an
dust (which const:
contration of urinary silicn.
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dust-exposed persons floetunte " ‘
"f'.'"""ls‘ Tive totn] duily silica ‘:'Ill;';:l:i ‘\‘\-I,l,‘j ,";'f"; the value for the Ocenpational history.-~in establishing o dingnosis of ashestosis, it ‘:E a
silica concentmtion by the volune of u.-' o Hed b"f multiplying is important to exchule the possibility that the observexd elfects mny E ¥ -
these values (table 39) ulso show no sim 'l"“'.“l o ted i 24 hows; have resulted from inhalution of another kind of dust or seme other 35 p
Urinnry silicn analyses nre nvnilnl»iv [4luo.‘ relution to dust esposue, disease process.  An culy ense of silicosis, lor instae s might present o '
whose diet resembled that of wshestos w ;‘(.'~‘..|~ " Kroups of people signs amd symptems which would differ from thoso of ashestosis
of vegetables. "The wine of seven ;Illli(‘ r::lll‘-‘vl-h 'I" consialiig Inrgeety nminly in degree. ~ A dinenosis of nshestosis should be mndo only
sntne ity averuged 2.6 mg per 100 e¢ (|;»|x‘¢~ I‘“ students living in the when the occupational history shows previous exposure Lo ashestos
24-hour samples),  An endier survey of s '"“IM-“;:'M specimens, not dust and no henvy exposure to other siliceous dust.
nessee made by the Poblic Healtls 'S‘,I,‘,;:.: :l‘:'"”"““l plant in Ten- X-ray findings.—Although the ground-gliss murkings that are so
‘\_'If"" output nveraged 29.89 -0.20 g, a val . ~m.““‘| thut the daily churneteristie of ashestosis are nsunlly localized in the basal portions
silicn output of nonexposed nshestos \\7““ ‘:l“m, very close to the mean of tho lung ficlls, nevertheless all regions of the chest st be examined
Dict plays an important part in inll\u:‘:‘i v i - roentgenographically in order to deteet signs of other disense processes
""'_l“ulion us King and Dolan (59) have de ! I:” iy h’llu_‘n con- that might complicate dingnosis. 1t is important, of course, to look
animmbs. A predominantly vegetuble divt m‘-,";’ .mlm.l on experimentul for the signs of pulinonury tuberculosis.  The distribution and the
lends to n high wiinuey silien 0Ill|m'( l"L“'“ vits high silien eontent, charneter of ling-ficld markings are significant. Shagginess of the
intahe of silica was so ;:l'l‘ul a5 Lo Lol '" “"'l"‘.V be l|ml' the dictmy henrt shadow (seo p. 56) has heen mentioned by severnl physicians
sthieate nbsorption Quough the lungs " "‘:II""‘\ .""'y possible elfeet of who have reported cases of ashestosis.  The physical findings should
teported by King and Dalan for unid ;,- "lly :("-‘". the phenomenon bo referred to whenover eanline enlurgemont is found during the
Health Seeviee (51) for anthrmcite mil'll::_‘.h (59) and |»y{l|m Public X-rny exnmination. A considerntion of the chest shape of the
excretion in men exposed to silien dust ”“:’ '_'"“"".V, '" higher siliea individunl will sometimes maodily  the interpretation of certain of
does wot appear here. The urinnry silien “,”.t" I.m‘.w'\lmsmi controls, theso findings,  Fluoroscopic examinution is, of course, the best
}\'mlmrs is higher than that reported for 1) I-"t‘ I-‘“"“"" Uf.llu- nshestos means of detecting dinphragmatic impainments, but valunble informa-
Just mentioned, and this uppears to be lnruoln: |“‘.' ""“_"l"l‘lm!n! Rroups tion ean often bo guined from n stinly of o cliest X-ruy lilm.  Heuvy
- Silien concentration inerensed \\;(l. hi,,j..'.m. lnllu-lnr_y‘¢I|llrrvn¢.-v& pectornl muscles may cnst an X-ray shadow which resembles in a .
“m' licw content is, of course, too Imv‘ I(‘ "h'”"' specific gravity. singlo plate the shadow cast by the incrensed fibrosis in the bases.
vty diveetly. Instead, it "l'l;“lll's that “‘:_ l‘"' '“‘""‘“ the specific This possibility tust always bo kept in mind during the exnmina-
concomitantly, nnd that the diinking of 1 _'"‘ wo values iy vary lion of chest Xeray fibms. Notes on the thickness of the chest
for instanee, would lower botly the s|:~«'ili(- "r'.h":(m“"““"" "f water, mnseles should bo enterad on the physical exnmination form, or stereo
sequently exeieted nnd its silicn content o ! ‘;‘f'.'l‘l"." of the mine sub- films should be made in order to obvinte this source ol error. ‘The )
Taurs WL Kalation of sifa cont ' » well presonce of |rl'1)ll(“lil§l'|ll5i?x‘ eanused difliculty in fliugnosing one case. ‘
- end of wine to specific gramty Classification of lung-ficl-d markongs.—1n this etudy, after examin- .
HW";K"’I;“; N ’7‘”’.‘“" N if\g an X-nsy il nud before making a ¢|in|.',|u.)sis. Ph(? film wus classi-
sl content | sl fieel necording to the nutmne snd degreo of librosis into one.of four

e L o classes: first- or second-degree linear exnggerntion of the lung-field

! Pl ’””:;"“”’”" ” mnrkings or first- or second-degres ground-glass hung-fickl markings.
('"\'—::'|'~‘:“;':u." i b Thero is good reason to beliove that theso four classe ropresent

R H successivo stages throngh which u typical case of nsheat s would

TIE DiacNosts “:‘s;‘;lms'; h puss under continuous eaposurs to asbestos (ll'lsl‘ Since, us lm.s been

In preceding seations of this bulloti | ' snid, the ;':rnum.lAgluss markings appenr first in 'Ilm In'nsnl portions of
wshestosis huve heen trented one ot o |‘|_| tho signs and symploms of !Im Iu.ng ficlds, it !ullows that any given chest fil lnlgh_t huvt.s arens
to show their selutionship to dust 't. un.n f"- wo st lime in order: in Wh.lt‘,ll the uml'.lungs wers ground glass .nml other arens in which the
following sections tho sy ton - exposure, In. this and the two wughings were I}nvur. U»lmlly.llnu |bl.l‘dls of t'.lns.-allu"ulmn hins .h'vc-n
yiptom complex of ashestosis nnd its reluation to o type of marking that predominutes in the Jower third of the visible

dust exposuio will be discusssd
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In arder to show these markings on n Inrger seale than would be
possibie if the cutire film woro reproduced and to llustruts this system
of classificntion, tigura 40 hns been prepared.

Symptoms.—Dyspnoen, cough, blood-tinged sputum, pain in the
chest, wenhness, decrensed chest exprasion, carving of the finger nails
and adventitious chest sounds wre symptoms which ulso ocenr in
silicosis. 1L is possible to differentinte pulmonary ashv ™ wis Irom
silicosis by history of exposure to nshestos, the presence of ashestosis®
bodies in the sputum or lungs, nnd by the type and distribution of the
X-rny markings. With reference to ashestosis bodies in the sputum, the
duta show thnt they muy appear after 3 monthy’ exposure,  They show
evidence of eaposure to dust, but not established disense.  Lynch and
Swith (38) reported difliculty in demonstrating the bodies in an ad-
vanced cnse.  The presence of rosettes ns illustrated in figure 39 has
been reported to be of greater dingnostie significnnce.

No advanced eases of usbestosis of the bed-ridden type were observed
in the present study. Reports (13, 20, 26, 32) of fatal American
ashestosis cuses which were relatively uncomplicated by the presence
of other disenso processes are essentinlly similar to reports of uncom-
plicated British cuses (9, 14, 34, 35).  Patients in the terminal stnge
are usunlly reported to be emmcinted, markedly dyspnocice, cyanaotic,
and usuully huve a sovere cough with wiry mucoid sputuin.

HEPUEHENTATIVE CASE HISTOHIES

Plates made fron representative X-ray films appenr as figures 41
to 5i. Roentgenogrums of a normal ehest (figure 11) md of a chest
showing advunced silicosis (figure 42) have been included for purposes
of comparison.  In figures 43 to 51 which represent ashestotic patients,
an ubstract from the case history and physical examination accomn-
punies the X-rny. In viewing these roentgenograms it should be
remembered  that the ground-glass hing-field markings that are
chiucteristic of ashestosis are exceedingly diflicult to photograph
and reproduce. 1t will be noted that the distribution of the shadows
13 nol quite ns genceral us in silicosis.

Ok b reprted somaw hat simitar bodies o chie putum of suthiracite mloers, bue they soens to ditter
tsurpledugically 1 wshestosts bodies -
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FIGUNE 44 -- EARLY ASBESTOSIS. WHITE MALE, AGE 39.
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FIGURE 46 —MODERATELY ADVANCED ASHESTUSIS. WhHITE MACE, AGE 40.
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FIGUHE 47 — MODE RATELY ADVANC.ED ASHESTOSIS. WHITE MALE. AGE 49.
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FIGUKRE 48 - MODERATELY ADVANCED ASHESIOSIS. WHITE MALE. AG
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FIGURE 49 ~ADVANCED ASBESTOSIS. WHITE MALE, AGE 48.
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INCIDENCE OF ASBESTOSIS

Preceding sections of this bulletin have stressed the importance of
the X-rny findings in establishing s dingnosis of asbestosis.  The
reason, of course, 18 that X-ray exnmination is the most divect means
now availnble for detecting the primary clfect of inhaled ashestos dust
on the body ; namely, initintion of interstitind fibrosis of lung tissue.
Classilication of ashestosis into n series of stnges which follow one
another in their development is a difficolt matter beenuse it depends
to a great degreo on the interpretation of relntively minor changes in
the lung-field markings.  Other investigntors have encountered the
sume dillicnlty.  Lanza, McConnell, and Felinel (17) awd Fulton,
Dooley, Matthews, and Houtz (15) set up a eategory of doubtful
cases of ashestosis.  Stage in the necotpunying tabulation more or
less corresponds to their category of doubtful eases. It comprises
cases in which diagnosis rests largely on X-rny evidence.  Stage 2
represents early cases of ashestosis, nnd stage 3 designates moderntely
ndvanced cuses. More ndvanced cases (stage 4) are relatively
infrequent.  Stage 5 was reserved for bed-ridden cases.

‘TasLe 4).— Relotion of asbestusia to lung-field markings

Asbhest

X ray finlings whisenst — Tolu

Fetw). .. .

145
Firstsbegres inenr .. an
Bocundd degree huear 70
Firstafepree guund glasy. "
Bevond-degres ground glasy 20

Table 41 Wllustrates the relationship of stages of asbestosis to the
X-ray lindings.  Although dingnoses of early stages of nshestosis wero
aceasionally made in the absence of definite ground-glass lung-lield
markings.when cough, dyspnoca, nnd objective lindings were present
in sufficiently advanced degree, dingnoses of the later stuges of ashes.
tosis were not made unless uninistakable ground-giass markings wera
present in the fung fields.

The incidence of ashestosi- + 0 es rapidly with inerensing duse
exposure. A fifth of the workeo. wich nu exposure of 50 to 99 millio
particle yenrs, and Jdf of the workers having an expasure of mary
than 100 million particle years had asbestosis.  Ia comparisonwita

aco-silicosis these are excecdingly low dust-exposure values
(1) : r
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The incidence of nshestosis increases with incrensing dust concen-
tration. T their report of u similur study carried on in Pennsylvania
ashestos testile fnctories, Fulton, Dooley, Mautthews, nnd Houtz (15)
found Uint 8 pereent of the workers exposed to nn aversge dust con-
centrntion of 5 nillion purticles per cubic foot had ushestosis; 22 per-
cent of the 17-million-particle group; and 57 percent of the 44-million-
particle group bud nshestosis.

THRESHOLD CONCENTRATION OF ASBESTOS DUST

From a practical stamdpoint, one of the most important results of a
mediend and engineering study such as this is the definition of sule
working conditions in the industry under study.  Tdeanlly, a threshold
conventration of dust should bo the highest dust concepntration that
would not produce pnesmoconiosis in originully healihy workmen
during their entire working life.  The chief difliculty in this study,
s in most of the enrlier studies of the Public Health Serviee, is that
very few workmen are exposed for a long period of time Lo low con-
centrations of ashestos dust.  Beeause of the importunce of the
it scems Lo be desirable to use such duta as are at hand to
as standu.ds

problem,
define tentative safe working conditions thut may serve
for the guidunce of factory managers und engineers until more comp! :te
duta are availuble.

In an unalysis of this kind the cases that occur at relutively low ¢ ust
eaposures are of especinl significance because they indicate what tho
snfe limits of exposuie may be.  ‘These cuses mnst be examined i idi-
vidunlly, as well as statistically, in order to be sure that there ure no
unusual features that would complicats statisticnl anulysis.  Brlow
2.5 million patticles per cubie foot, the interpretation of tabl. 43
offers no diflicultics.  None of the 39 persons exposed to dust con-
centrations below 2.5 million purticles per cubic foot had s ease of
ashestosis, although, as u matter of fuct, only 6 persons lindd een
cmployed more than 5 yenrs.  Three doubtful enses of nsbestosis fell
in the runge 2.5 to 4.9 million poyvticles.

Beennse clean-ent cuses of ashestosis were found only in dust con-
centrations exceeding 6 million particles per cubic foot, and beeanse
they wero not found ut lower dust concentrations, 5 million purticles
per cubic foot may be regunded tentutively as the threshold value for
asbestos-dust exposure until better data aro uvailuble.

In order to find out the fesels to whick ashestos-dust coneentrations

bave been reduced in practics, an engineering study (7) was nude in

wn ashestos textile fuctor, e Dich dust control equipment has been
recently instolled.  This shows that means aro alrendy available for
reducing the dust exposure of n mnjority of ashestos textile workers
to less than 5 million particles per cubic foot,
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beenuse men were exposed to a much greater range of dust concen-
trutions in anthracite mines than in ashestos textile factorics.

In comparison with the three Kkinds of dust encountered in anthra-
cito mines, relutively fow concentrations of ushestos dust und relu-
tively short lengths of employment in the ashestos textile industry
resull in pueunioconiosis,

Phere was no free silica (quartz) in the dust encountered in the
asbiestos textile factories.

According to tuble 43, 16.3 percent of 69 former ushestos workers
and 378 men and women employed at the time of the study in three
ashestos textilo factorics had ashestosis.  (Persons who were not
exposed to appreciable quantities of asbestos dust have not heen
included,)  Kight percent of the 378 workers employed at the time of
stidy had ushestosis.  Fhis does not completely represent the inei-
denee of asbestosis because about 150 employees wers discharged from
these fuctories 15 months hefore the present study was made.  Many
of the dischurged nshestos workers hnd ashestosis, ns the reports of
Shwli (31), Donnelly (12), and McPheeters (23) show. Although an
attempt was made to cxaniine a3 many ns possible of these discharged
cases, only 69 could bo exnmined, 43 persons of whum hind agbestosis
according to the dingnostic standurds employed in this study.  1Fone
assumes that the number of persons employed in these fuctorics was
the sume before these 150 persons were dincharged us it was when the
study was mnde, und if one nssumes that 62 percent of all the dis-
charged cuses had nshestosis, then 50 cuses of ashestosis eseaped
observation.,  Adding these to the 73 that were found, dividing the
gum by 447, and multiplying by 100 gives an estimated percentage of
975, 'Fhis is not an wnusuul percentugo value. In numerous studies
of the dusty trades the percentage of wotkers with pneumoconiosis
hins been found to be between 20 and 25 percent. Fwo such studies
iy hs mentioned.  Of 7,722 miners and men seeking employment
in leadd aned zine mines at Picher, Olla,, who were exnmined in 1927-28
(49), 21.3 percent had silicosis.  In u study of unthraeits miners (51),
“he prevalence of anthraen-silicosis among the entire group of em-~
ployees was found to ho about 23 percent.”

Other investigators have reported the incidence of usbestosis in
ashestos textile factories.  Tanza, McConnell, amd Fehnel (17) re-
ported, “Of the total of 126 X-ruy exnminutions, 4 were diagnosed ns
second-degres ashestosis, 63 us first degree, 39 us doubtful, and 20 as
negntive.”  The persons b studied “wero selected mors or less at
randont from ameng those 4 oy moro than 3 years of employment
in the industry.”  Since Vanza did not exnmine all the employees in
the fuctories he studied, pereentage values ealentated from his data
ure not directly comparable with rate of incidence for the present study.
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ANHESTOSIN IN GHEAT BHITAIN AND IN THE UNITED STATEY

Lanza (18) has ealled atiention to paint of interest, numely, thnt
British investigators have found ashestosts more severe amd menscing
than it was in (he United Stutes. He adds that this differenco is
prolmbly mure npparent thun real.  Lynch and Smith (20) have ye-
ported 3 fatad cases whase duration of employment in asbestos textile
mills was 113, 17, and 2t yenrs in occupations having dust exposures
of the order of dry weaving,  Stock (32} reported n futal ense ina
i 27 years of age who worked 8 years as a enrder in an ashestos
plant.  Egbert (13) has also given complete findings of stinilar case
in o man 30 yeurs of age who had worked 13 years ns o enrder nnd who
died 4 years after onset of symploms and 3% yews after discon-

tinning work.

Phese examples of American fatali
suggest that the period of dust expo
ensues is s short as is the ense in silicosis.

Bridiges (63) in the fuctory inspector'’s reports of Great Brituin has
shown from yeur to year (tuble 47) that the duration of employment
of Tutul enses with usbestosis is ouly half that of cuses with silicosis.

ics, some in young individunls,
sure before disability or death

fante A7.— Stlicosis and asbestosis in Great Britain
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m be compated with results obtained in this coun-
fownd than exist in the inherent fimita-
1t would seem, therefore, that
Hse

dust. concentrations
of British practice ¢
try, no greater dillesences ure
tions of the dust-snmpling devices.
guite negligible dilferenees enist in the manifestutions of the «
here und nhrond with the ;o bl exception of wssocinted orcamplicat-

ing tuberculosis,
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PATHOLOGICAL FINDINGS IN ASBESTOSIS
Spechinen o p i
puthological study were furni
) ¢ ‘ re furnished  throug J
(|;:I:||l‘ sy of Drod. Rush Shall, Chnrlotte, N, Q yand D L F I;:‘I: the
¢ - a 1 Tan 1 : . . . N
‘ or of the Division of Industrial Iygiene of the North C lin
State Board of Tealth, ' orth Curoline
The : 181
e puthology of nshestosis is charneterized by diffuse, interstitinl
50, s nl,

llllllllnlull'y fibrosiy ¢
=19 and Ily the presenc shestosi i
- . i enco of nshestosis l)l)('llls in the

GROYY APFEARANCE

In gross -
53 nppe ¢ .
Frny ) Uam::ll (\":;m“‘ the hungs vary in color from brownish (o pale
alicotic | Y, they are not distorted like silicotic or anthine
: e Tungs unless an extensive mmount of long- nee”

is present., standing tibrosis

. |,:)fr,l.;£'"l,|,m h|”m5' nro lu':n n.ml heavy, but softer wreas enn
fibrosis. Fhe plear pu |nl|l;)|l. (..u-pllns depends on the wount of
T e n l;my we thickened and fibrons tugs nay bo
thickening of the '|li:::|:|“:;;u|ll'l ‘.“N‘rvl‘llscs ""“"f'“’“" in this report,
to the dinphragm are sometimes l,,.‘_s‘_"'; t the left.

ons are
Adhiesions

Oun section, s I ;
the oot I“'“:»si‘ll'lv;:i:'lt,. .I",Il!;lfmyt_",“lgulurly slnlln-'el ureus are seen on
we of ul'llroxinmu-l' the ‘:v e !utlu:r ‘.“v.(lnly distiibuted wnd they
tissne of vul"Yin(-f siyﬁ uIL Tpm»m size.  Visible strands of conneetive
mote or I""'"‘Alvgnll,.,- ’m::l wough the lung |n|rv|.u'hy|nu, forming a
nodulur arens wnd ';m" :"N m-l\w.u'k, und enclosing the durk giny,
mianhend cnphysen o s l.l‘:fl;l‘,. which §l|np\v alveoli.  Arens of well-
omer John o a“nnl e Il~l the npices u.ml ouler pottions of the
N-tay limh:'nus. The b " :|‘-\Ih r""""“'"‘l“ in the diseussion of the
2l e "‘“ll:;:n;.i:ll x‘ul:l'lln-‘.llu-hmlvs uppenr o be distended
. - h Ml raT . . . -
in :v'msl murhed in the upper lobe, pnrliI(l:u(;:::l;l;::',ll|nl:I:pl:'l\fmvh"ml'ms
of 'I‘.:'fl'l‘:(:“l l'T'_‘"N'tll'd‘; :)('(thlilllll”_y seen on gross inspeclion of some

) _l;, x;,( ttons. They are probably terminal.
e I'i"k'i'-\';l'u;‘:ll;':::nllu:(‘.,::l - I‘|”t wnrhedly dnereased in size.  They
pigment found in u city u\:':"l.hj:‘.m"t the usuul amount of snthencotic

M

MOSCONIC APPEARANCE

"
Fhe plenrn, when thickened, is nude

tissue cells, up of adolt fibrous connectivo”

The « n fibers

show hyalinig he collngen filers wre wsunlly well developed and ma

w hynhmzation.  In some sections the thick i ,
: e thickened plenra is vaseular,

(96)

the Mood vessels generally being small eapilluries. Arens of varinble
size, contuining anthracotic pigment, are ocensionnlly found in the
subpleuial connective tisste.

Throughout the parenchyma of the lung n dilfuse interstitinl fibrosis
is present, which varies with the nshestos-dust exposure of the indi-
Fhe arens of fibrous tissue are irregular or stellate in shape

vidunl.
The cellular clements consist

andd may contain siall hlood vessels.
of adult fibrous tissue cells, fibroblasts, some collngen, nud often
numervus mucrophages.  The strands of fibrous tissue represent an
inerease in the interlobular connective issue. The fibrosis is usunlly
yuther uniformly distributed throughout the entire lung.  In areas
of considernhle fibrosis, ntelectasis is noted due to the contraction of
the filuuous tissue.  The alveoli occurving between arcas of fibrosis nre
genernlly distended and show a modernte to murked ewphysemn.
The alveolur walls nre thichened by librous tissue, and in somie sections
iyalinization and the loss of muelei oceur. Fhe alveoli ave lined by
single layer of epithelial cells.  The bronehind walls and the walls of
the bronchioles wny be thickened, and o slight to maoderate lympho-
cytic infiltration is present ocensionally.  The smaller bronehi und
bronchioles are frequently quite distended. The walls of the small
blood vessels are thickened, purticulnily the adventitin, which con'nins
an inerensed amount of fibvous tissue.  Sections through emnhy-
semutous blebs show a fuirly thick, fibrous, conuncctive-tissue wall,
lined by u single luyer of flat or low cuboidal, epithelinl cells.  The
blebs, menswing as much as 7 mm in dinmeter in the speci nens
studied, are apparently of bronehinl origin, ) :
Ashestosis bodies are found in alimost all purts of the pulinmary
They occur most frequently in the arens of fibrosis ar | are
They are also no 4 in

tissue,
necompanied by a greensh black pigment.
the connective tissue nbout the small brenehi, in the nlveolur walls,
and in the alveoli.  Macroplinges nnd giant cells ure usunlly p.tsent
when the ashestosis bodies nie Tonnd in the alveoli and often sutround
or engall the bodies. These cells also contain a considerable amount
of unthrueotic pigment, and the dark preenish blnck pigment com-
monly found in ashestosis. A brownish yellow pigment in lesser
amounts is also present.  The ashestosis bodies occur in the lungs in a
variety of shupes.  The most ficquent is n bended rod with large
rounded ends.  Spindle shupes with beaded centers are also noted.
Rosette formation is relatively frequent. Fhere appears o be no
+ [ usbestosis bodies and the amount of
2 in which there i3 exceedingly litts
while in

1elntion between the e !
pulionary fibrosis. In e
fibrosis, the asbestosis bodies are puticularly  mumnerous,
another case, showing extensive fibrosis, they mio quite infrequent.
These bodies are golden yellow in color nnd nre stained Dlus with potas-
stum ferrocyunide, showing. the presence of fertie iron,  With this
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stuin sote fine blae steands have heen noted which are apparently
asbestos Gbers in the process of beeoming asbestosis bodies. By the
uses of polarized light, tine fibess are often demonsteated in the Gissim
whicl are identified ns asbestos. These may be seen in the peri
bronehinl conueetive tissue, the interstitil conneetive Lissue, the

3

1
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FIGURE 53.-~ASBESTOSIS BODY i* + |+ ALVEOLAR CONNECTIVE 11SSuUE PiHAC-
TICALLY NO FIOROSES 1IN THI.. ol CASE H-21. MAGNIFICAITION 1.000X,
(ARMY MEDICAL MUSEUM NO 52050 )

alveolar walls, and in the ulveolar spaces.  ‘The blue staining fibers

U the asbestosts bodies are not visible when viewed with crossed

RISON, MAGII AT, & SECTION OF & NORMAL A prisms. Other line erystalline material is sometimes noted.

: N 16X U L e

The presence of comphienting tuberculosis is often diticult to
demonstrate. Unless ensention is well delined, the tubereles muy ,



Ton

1esemble e developing fibtous arens of ashestosis (o g
dewmee, . I.I B Het easy i many cuses o dilferen (e
old hyalivized connective tissue in the stained

marhed
caseation frong
specimens. 1y one of
whveoli g
presence of casey-

the ey studiedd, the presence of peidfast bavilli in the
connechive ©oane of the abyveolur walls without the

Ty ! S804 -
JGUHE 54 ASUI SEOSIS BOILNES ACCOMPANIED BY GIANT CELLS 1N AN AREA OF

FIBHOSLD LUNG TISSuE  Case MA GNIFICAYIUN 705X ARMY MEDICAL
K T H 21
] ( E

linn \‘\IIS.IDIISHI'\A'!'. This could possibly be nn catly Iulu'rt'ulml"
infeetion in the preimvusive stage, or i, could well be n co .
sionpathogenic neid-(ust baeillus,
Samples of thiee vmictios of ushe
et were ingected into the net

ontaminaling

stos (chrysotile, crocidolite, aml
itonenl cavities of ovinen e

o

usingg - techigue deseloped by the Pablic Health Seeviee for study-
ing the physiologieal beluvior of dust. This methad has been
deseribed elsewhere (60). A theee smoples ol ashestos dust pro-
duced an inert type of reaction in the peritonenl tissue. On the
basis of this response, asbestos dust has been consilered to be poten-
tially harmfol, especially whea inhaled over long perieds of time,
Ashestos dust, like tale (33, 449), which also produces an inert reae-
tion, enuses n dilfuse, pulmonary fibrosis as has been observed on
clinieal und post-morteny examimtion of persons expozed to these

dusts,

N HUTED AUTOPSY CASE HEPORYS

Case 1} 21
(Figs. 80 1o %

A, white, aged 38 years.

Cause of death.- - -Myocarditis,

Oceupatronal histary - Worhed for 12 yews o the weavin rcom of an uslastos
plant.  Prior ta tHos e laed sorhed in nocotton mill.

Medical histm .- Continsl to bed for the mmost pact of his Just 6 months of life
heenuse of wenhuess, dyspooea, sl uspuedoctive cough.

Pathedogical cramination showrd well-defined wlvaneed ashestosis, evidenced by
wneh dilluse interstitial pulsonary fibrosis, secompanied by asbestosis bodies,

emphissemig, bronehicetasis, and broneholeetasis.

Chenacal cramination of fung tossae - Sunple Trom vight g - ase 3.3 peseent,
silicn O G perecnt, silicn i ash ER32 percent, wple fro lelt bung ash 38
pereent, sthen 0 76 pereend, sibeain ash 2003 per [
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- CASE A g A
FIBROUS ADHESIONS | HAN WIEHE NOTED ON 1THE FuGHT LunG

FIGURE 56

MAHKLDLY THICKENED PLEURA Witk

DENSE FIBnRous TAGS OVER ENTIRE SUHFACE.

HIGHT L,

Case H 21
FULIOHOF INTEHLOUGAR PLEURA

FIrGione %5,
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FIGURE 57 C :
3 ABE H 21 SeECcTion 3 GHT L
! 5
L TENDED UkONCI A v ToLuna VANCED ASBESTOS!
NG ADVANCED 51

R N - ND At Skac
F1unosts T ACES AL B
S5 0 - ot A . .
UGHOLIT LUNG SUBSTANCE AND lmc::x AND BASE DIFFUSE FIGUHE 58 - CASE H 21 SECHION OF LLFT LUNG DISTENDEO BRONCHE AND
. NED PLEUKA it SPACES A1 APEX  RATHER UNIEORMLY DISTHIBUTLD FIBKOUS AND
EMPHYSEMATOUS AHEAS THHROUGHOUT REST OF LuNG
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Cuoe W-23
(Figs 50 1o i)

Mo, Negao, aged 35 y vam.,
Cavne of dadh. Poacasoin,
Occupational histecy, Worked as cdeaner wnl aneeper in the androom of an
L for 8 yews pior (o death. Previously, woofer (usplndtl, 15 yeus.
53 unbhiay i foot; (&) mithon

asheston

Phtinaited dust ef posiee.— () les per eub
partile seans, 1659,
Fluviosveopy  Modeade (2 8) g of dispdoagnne vight and Jeft; fiest degree

wannd-g

T HRIT]
e obliteratum of costophro

angle on right.

AR
appeatanee ppht base lalespreted as ::...::..:..:_« gonetal
Saletnate evidence of Blsosts at the vight base ad oblitciahion of the
o spdoenic angbes Tlas coslein of nercased ibrosis st s plenrisy

also showan o the neopsy mntessal (s 62 andd ).

Melical hestorg - Lidfloenza, S8 Ghaation, 2 weeks), Fregaent colls,
Madicul lstiry negative antd 2 weehs hefore death when e developed puea-
m

Phoypseal ccamnation, Slewler, cologed made. Peight, 7000 inches, Weght,
58 pounds Leagg chest; vight side shghtly simadler. . Fapansion poor (15
vichest Madende dulliess avee luses on perenssion, Persistent cinehbing
vales onver hases of Inogs. Polpation wwd fremitus, negative. Faing breath
adds ey Mol pressave, HyS00 Pubse rate, 76, 80, nnd 68, e
rprritdony sate, 28, 28 oul 21 efore, tnnediately after, wnd 2 anutes afler
ayererer  Shglt taseeul dysposen inunedintely atter exercise). Ashestosis
bodies i sputonn Uiisay sibica, &8 mg per 1800 0 G g per 210 honrs).

Dragroses Manderdely wsbvamesit asbestosis {stagge 3) 15 monthis hefone de
tedy aebvanced ashesto

b

Pathologas al « cnenation shawed mok

e pultnasay ibrosis and conpdiy semie wais noted aceospanicd by

cdigaee of o
ey ashestoss bdies Acute difuse poeomomtis was present
’ 3 rom pight Jeng b 2 69 pereend,

Chemieal vaminatinn of bung tissue, e
sttt 0 1] percent, sihew i ash W3 pereeat.

107
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Cuest X-RAY 0f CASE H 23 15 MONTHS HLF OHE DEATH
M1} - - .

Fieure 5%

w
bl
=4
zZX
q%
a.

|




Tos .

109
v._ 39
e
=a
> O

ZZE

' N

: Jui v

i [- 9

I

m T W ety GrmM

Ficune - 23
HE 60 - CASE H 23, RIGHT Lung ENTINE PLEURAL SURFACE COVERED

uy Dens s
SE Fiohous [aGgs LN FIGURE 61 - CASE H 23 Lif1 LUNG VEry FEW FINE FIHHOUS TAGS ARE
NOTED ON THE PLEUHA
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S beas OF LEFT LUNG  SHOWS LESS INV( LVEMENT

Tiar. HIGHT LUNG (FIG 82y

Case H 23

FIGUHE 63 -

SLCion OF RICHT LUNG

2

FIHrons At A AND EMPHYSEMA UNIFOHMLY DISTRIGUITED .

THOUGHOUT The L o,

CAse M

Firoama 62

MODI HATELY ADVANCED

SULSTANCE
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Case H-25

(Fuga Giamd 63
AMade, white, aged 27 years.
Cuuse af death - Lobm pneamonm.
Uecupalional hastory Begno work at nge of 18 yous.  Broadelolh weaver
shestan), boyenr. Track dover, 3 months,  Bioadeloth wenver (asbiestosy, 2
years, Tioeh dover, 3 veurs. Hroadeloth weaver (anhastos), §ycurs.

Waoghtet avesayge dast cxposure.- 49.7 nuthon particles per cubie foot, or 317 %
milhon purtiele years

Medieal bastory.  Past Vistory segative. Had indhuenza, prioe to death, which
teveloped into pnewmonin

wa e aiagtiong.- Filmsoumle 5 monthy nad U month (e 68) before denth
Wt degree grostnd glass wineh way interpietid ns cosminencing generaliznt
s

Medecal ceamnation.- Uhe principal abnormadities found on physieal exumion-
Hien 15 wonths before the death of (he patient weee secomdafegiee eurved anils,
secowd-degres oy anosis, ot deereased Bresitus on both the right aod lefy sule,
‘The heart size andd heact sononds were aoemnd; blood pressane, EX/71 0 Qo e «
the pabse sule sose from B8 o 1I6 aindd 2 inttes Liter bad fallen to X6, The
repiratory tale rose on exereise (oo 18 ta 38 and returned to 220 The patient
Bl w chivst givgh at expiration of 37
He owas n thich-cheated e

nehies nud woo
ineles tall, we
monthy hefore death this eise was diagnosed us early as

sl evpuasion of 2 ineles.
g W5 pounds.  Filteen
weslonis (stigge 2).

Pathalogical xamonation showed early ashestosis A dilfuse interstitial fibrosis
with bttle crepliy semu nnd bronehiobectasis and nametoss ashstusin bodics wis
voled  Lobar pucaimnosiin wos shown to be the canse of death.

Chenead cxamanatenn of Lung Gxsue, - Sample (oo pight Wiy ash 2 14 pereent,
mehoa 020 pereent, sihes in ush 812 percent. Saanple from left hg- -ash 2.0
perecut, siliea € 27 pereent, sthieainash P LT pereend,

— GURE 64 - CASE 25, CHeS

H

- W PR
T X-RAYS TAKEN 15 MONTHS AND ) MUENNV:
' E Q0 ROUENTG -
RE DELATH Pan1 OF Int DIrFERENCE ULIWE(N‘JE‘.NE Tw
IF O > -
RAMS 15 DUE TO A DIFFEHENCE IN X-RAY VECHMQ

e

#  ONE MONTH BEFORE DEAT
NI .

Lo o

Ty
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FIGURE 65.--CAsE H 25  SEC
FOHM INSTRIBUTION OF })

114

TION OF RIGHT LUNG EARLY ASGESTOSIS Uni-
BHROUS AREAS THROUGHOUT LUNG SUUSTANCE
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SUMMARY OF MEIMCAL FINDINGS

A medienl canpnntion was made of ench employee in three ashestos
textile plants employing 423 men and 118 women.  These persons
were el younger than the average industrial employee and they
had been employed in this industry for relatively short lengths of
time. Almost half of these workers had been previously employed
in cotton or woolen teatile mills.  Only 23 persons bad been em-
ployed in a trade in which workers nre known to he exposed to inor-
wanic dust, and only ¥ of these 23 persons bhad pneumoconiosis.  For
this renson, it is helieved, nshestos-dust exposure ean be held respon-
sible for the eases of pneumoconiosis thut were found in these three
factories.

Asbestosis is a form of pnenmoconiosis enused by long-continued
mhalation of ashestos dust. The primary effeet of asbestos dust on
the body i3 Lo set up un interstiial, pudmonary fibrosis.  This may

seen b autopsy, and reports on three enses appear in the patho-
oL oseetion of this bulletin, This type of fibrosis wmay also be
detected by Xorny eaxnminntion of the chest. On the Xeray filin the
shidows cust by this type of fibrosis resemble ground glass in appenr-
uuce and usanlly extend over the lower portions of the lung fields,
frequenty being heavier on the right side.  Unlike silicosis, nodular
tibresis has not been detected i asbestos worhers.

As in silicosis, the chiel symptoms of ashestosis ure progressive
dyspuoen, variable cough, substernnl chest pain, decrensed chest
expaision, cmncintion, weakness, clubbed finger tips, and curved
finger mails.  Most of these symptoms se to bo the result of the
pulmonury Gibrosis set up by inhaled asbestos dust, and the con-
comitant pathologic chunges, sueh as empliysema, bronehicctasis, amd
bronchioleetasis, which cun be demonstrated at autopsy.,

The pereentage of persons affected by ashestasis or by any one of
these symptoms depends upon the dust exposure. i all cases the
percentage of persons affected by any given sign or symptom of ashes-
tosis is greater than in control groups of industrial workers who wero

not exposed Lo inarganic i |
v churneteristic ol usheodas is the finding of ashestosis bodies in
the hungs nnd in the sputus. Although it does not appear from these
dutn that a finding of asbestosts badies can be used to establish a
dingioats of usbiestusts, uevertheless it is evidence of ashestos exposure.
(i

17

Only three cases of ashestosis, all of them dingnosed as doubtful or
lmrnh-.;'ﬁnc cases, were found Lo be exposed to dust concentrations of
fess than 5 million particles per cubic foot.  (These three individuals
Liad dust exposures of about 4 million particles per cubic foot.)  Above
5 million particles per cabic foot, numerous cases of well-macked
ashestosis were found. 1t would seem that if the dust concentration
in nshestos fuctories eould be kept below 5 million particles (the
enginerring section of this report bas shown how (his muy be ac-
complished), new cases of ashestosis probably would not appear.

1
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ANNOTATED BIBLIOGRAPHY

To facilitute reference to the papers listed in this bibliography,
beief nwote has been uppended to ench citation which indicates the
Kind of information that may be sought for profitubly. So Iar us
possible, no information that ean be gained from the title has been
1epented in the snnotation and consequently the length of the note
is no measure of the merit of the article.

In the interests of completeness, n number of pupers have been listed
here which were not referred to in the text.  The pupers on lung enncer
us n possible compliention of ashestosis are an exnmple.  No cases of
lung cancer were found in this study, but it appears that it would be
a prolitable thing to look for whenever nutopsy material is availuble
for study. [For that reason papers denling with the subject have
been included.

ENGINEENING ”EI‘6||1‘S

1. Annual report of Lhe chicf inspector of factorics and workshops for England
and Wales.  H. M. Stationery Oftice, London, Englund. 1910,

Coutuing s section on observations made by Dr. Collis on the effects of
exposure to ashestos dust on 400 workers in an ashestos teatilo faclory.

Bloomticld, J. J, and J. M. DellaValle.  The determination and control of
industrial dust.  Public Healtlh Bolletin Nao. 217, 1935,

Dincunses genernlly-aceepted mcthods of dust quaatitication and methods in
use for controlling industrial dust.

3. Hateh, ‘Pheodore, und 8. P. Chonte.  Statistical description of the sice prop-
erties of nonuniform particolnte substances,  Jour. Franklin Inst. 207:
J69 387, 1924

Gives statistical parameters for the caleulation of totul surface area, volume,
and mass of o given distribution of nonuniform dust particles.

4. Fulton, W. B, . L. Houts, A. Dooley, and J. L. Mutthews.  Ashestosis.
Part 1. The collection and counting of dust cacauntered in anhestos
fubricating planta.  Penosylvania Dept. Labor and Budustry Bull. 37.
195t

Discusses the measurenent of ashestos dust and its physieal propertica.

Fnginecring study of four plants.

5 Ilateh, Theodme, and €t Moke.  The wmineralogical eomposition of air-
borne foundry dust.  Joie bud. Hyg. 18: 91 97, 1930,
A petrographic study of air-borue foundry dust according to particle size.
Composition of dust reported Lo vary with sice.

6. Hurlibut, C. S, and C. R, Willimas,  The mineralogy of asbestos dust. -

Jour. Ind. Hyg. 17: 289203 935,

Discussen the composition of scttled dust samples obtained in factorics
munufscturing ssbestos teabiles angd other ashesios produets.

(1)

Ba.

12.

B SUR

119

CPage, BT, it 100 Bloomfield. A study of dust control methods in an

anbestos fubricating plant  Public Health Repoits 52: 1713 1727, 1937,
“Phis investigation inclided a study of atmospherie dust concentrations in
the factory workrowus, and g study of the exhinust systems used to remove
asbestos dust.”
ABRESTUBIS

. Alwens, W.  Ucher Asbentuse der Lungen. Mune) med. Woel 1

82: 17971800, 1035

X-ray and medical study of 35 cruployees of a Germun ashestos textile
fuetory. 22 cnsew of nshestosin were found,  X-ray examination showed
floceulent murkings but ne nodulution.

di Binsi, W, Zur pathologischen Anatomie der Lungenashestose.  Archiv
fur Gewerbepath. uod Gewerliechyg.  8: 130 155, 1937,

A 50-yeur-old inan employed 21 years in an ashestos fuctory died of circula-
tory insullicicncy after sceching teeatment for shortuess of breath.  On
autopsy the right side of the heart was enlarged.  There were plenral
udhiesions.  The fibrosis scen on gross inspection and confirmed on his-
tologica) exanination was maost extensive in the lung bases.  Sunding and
Bygden (41s) have reported on the asbestosis Iuxlies found in this case.

Buresch, Anncmarie.  Pucmmonokoniose, Berufskrankbeit und Lntschadi-
gungsptlicht.  Deutsche Med. Wochensehr, 57: 1100-1102; 1247-1249.
1931.

A 47-year-old man, employed 26 years in an asbestos factory, sought treat-
ment for disabling dyspnoca, cardiac insufficicney, and cough.  Clinical
and X-ray findinga characteristic of asbestosis are described in detail.
Dicd as 8 result of right ventricular insulliciency.  Post-mortem exam-
ination revealed pubmonary fibrosis, marked hypertrophy and dilatation of
the right ventricle and litte hypertrophy of the left ventricle.

. Cooke, W. LK. Pulinonary asbestosis.  Brit. Mced. Jour. 1027 (Vol. 2):

1024 1025, 1927,

A 33-year-oll woman ciployed in an asbestos faclury over an 1M-year
period “complnined of cough, dyspnoea, expectoration, and lassitude,
An X-ray plate showed extensive ibrosis, more warked in the right lung,
two enlearcous glds at the root of the left lung, and two suwll Eslearcous
particles in the base of the left lower Jobe.””  On autopsy, dense pleural
adhiesions were foand.  “On section the Jright] lung is seen to be tibrosed
und to s Inrge exteat airless, the lung tissue being replaced by tibeous
bsne.”"  Calesreons masses und arcas of coscation and eavitation were
found.

. Dewirtz, A, P Ashestwarzen.  Arche £ Dermat. u, Syph. 161, 1-6. 1930,

Description of the locnlizntion and the gross and histological appearunces of
usbestos corny. :

. Donnelly, I Pulmousary ssbestosis.  Amer. Jour, Pub. Health 230 1275-

1281, 1033.

Partial review of pe oo of - crvations on the disease.  Includes case reports
on thiee totally disubled puticnts tuken frosn a serics of 15 cnnes (4 igures -
chest plates). Al but | of the 15 had at one time been dingnosed pul-
mouary tubereulusis

Donnelly, J. Puliounry anhestosia: incidence and prognosis.  Jour. fnd.
Hyg. 18: 222-228. 1936

Deseription of X-ray thine of 15) ashestos workers,
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Fglnrt, D8 Pubmonary ashestosis Report of acane with necropsy
findingn  Awer, Hev, Tabere 020 3L 1936,

Auntapsy report on came deseribed by W B8 Soper (Amer Rev, Tubere. 22:
571 584 1) Whate, 30-year-old anale cmployed a8 an asbestos
canler 13 veues complained of dyspnoci and blood-steenhed spistuni.
No covpli aned and X-raved on two occasions before death whieh
sesultod from cadise fuilure. On autopsy “ditfuse fibrosis of hings in-
volving particabuly upper fobe of sight and porteas of apper Yobw: of left;
mrrested tabecendasis; asbestasis badics theoughout lungs; few in tracheo-
bronchind tymph nodes.”

al, and patholog-
tion.  Jour. Tl

FHean, . Pulmonary asbestosis: s elinieal, radiok
iral features, and amsociated risk of tubereulous infe
Hyg. 15: 165 133, 1933,

A q3-year-old wman cinployed in the eardroom of an ashestos factory 9 years
beeane disabled on account of dyspruoea, accompanicd by dry, irritating
cough and progressive anoresia, Juss of weight, sod clubbing of tingers.
X-iny and chnical examinution At autopsy this case was diaghosed as
“advanced pulmonary ashestosis, compheated by tuberenlous plearisy.””

A 3)-year-old womwan esnployed 2 years mnking ushiestos mattresses hecame
dyspuocie, wasted, snd cyanotic.  Died of tuberculosis.  Autopsy find-
ingys ure presented. .

Falten, W. B, A Dootey, J. L. Matthews, and It L Houtz,  Asbestosis,
Part 1L The naturc and smount of dust encovmntered in asbestos fabri-
caling plunds  Part 1L Fhe eleets of exposure to dust encountered in
asbestos fabiricating plants on the health of 8 group of wotkers,  Pennsyl-
vanie Dept. Fabor and Industry ufl 42, 1935,

Report of o anedical exumination of 66 workers.  Bibliography of 125

papers.

Gloyne, 8. B The morbid anntomy and histology of uslwstosis.  Tuberele
14: 416 451; 493 197; K00 HH8. 1933,

Dituiled description of pathological findings and review of literature.

Lanza, A 1, W_ I McCounell, sod 3. W Fehinel.  Etfects of the inhalation
of ushestos dust on the hingy of asbestos workers.  Public Health Reports
S0 0 12 1935 Reprist Noo 1665,
Brief deseription of the findings of an engincering and medical study maode
in nn asbestos teatile plant “Xeray filis were made of 126 persons.”’
Lanzn, A. ). Ashestosis.  Jour. Amer. Med. Ansoe. 106: 368- 369, 1936,
Briel deseription of some of the carly obacrvations on the disease partien-
laily as seen in United States.  Also notes on elinical picture and roent-
genology

Lovisetlo, Domenico  Pulmonary  asbestosis.  Hecords of the Interna-
tional Conferenee on Silicosis beld at Johannesharg, Aug. 13 27, 1930,
Studies nnd Repe 5 o F (I, Hyg ), Noo 13, pp 506-509.

Suthur's ohnervations oo worhers handling pore usbestos atd asbestos
mwined with cotton or sther vegetnble dusty Concliden that at Jeast 5
yeard of expusire requited to prodoce paeumoconiosing diseet ratio e
tween quantity of dust inhaled wnd pocamoconionis — Well-enlublished
cnse iy Herelop in 7 (o 0 years b the disease cane entise death alter
13 yenis' heavy exposure.

121

20. Lynch, K M, aad WA Smith. Pubnonary anbestosin 11 Including the

repott of o prse ense. Amer Rev, Tubere. 230 643 600, 1931,

White tnde, 46 years old, vmployed sy an nsbenlos enrder 11 yeard, sought
mwedical trestisent for chest pain, loss of weight (23 1) and shortuess of
Dreath  X-ray examination ot 3 deensions during 8 5-year period showed
mwotting in both luogs.  Died ay a result of stow, cardine failure.  On
aufopry exteasive fibrogis, ciphyscina, nnd bronchicetasis were found.
‘Tuberevlosis wan abasent.

22, McDounld, Stuart.  Histology of pulmonary ashestosis.  Brit, Med. Jour.

1927 (vl 2): 1025 1026. 1927,

Pl infeastitinl fibrosis is such as wight be expected as o result of 8 com-
binstion of a pneumocaniotic contition and n chronie tubercutons infce-
twon " The possibility that asbestosis bo hes ny have been of plant or
nnind ongin ay be excluded.  “The by pothesis advanced is that these
bodies are portions of ashestos fibres in the procesa of alteration and
absorption by hydrolysis, cither by direet chemical action or by encynes.”

23. McPhecters, 8. B A survey of a group of employees exposed to asbestos

dust  Jour. Ind. Nyg. 18 229 239 1936. Reporls “the results of o
survey of 210 persons exposed o asbestod dust.”

24. Murtz, L. Asbestosin and Tuberkulose der Lungen.  Zeitsehr. £ Tuberk.

720 11 15, 1035,
Anbestoniy plicated by tuberculosis was found in a 30-year-old woman
cployed in an ashestos factory during o 12-year period.

25. Merewether, . H. AL A memorandum on ashestosis. - Toberele 15; 69-81;

109-118; 162-1569. 1033

A comprehensive review of British studics of asbestosis, including economie,
mineratogical, aid medical historical facts, main fentures of the discase,
usbestonis bodies, coreclutions with dust exposure, risk of tuberculosis,
preventive acasures, and compensation. -

26. Mills, 1L (i, Pulmonary asbestosis: repurt of & case.  Minnesota Med. 13:

495-4499,  11030.

A 58-yoenr-old man exposed to asbestos dust in s mine 17 years previously
was adiitted (o a hospital where he dicd of heart Block.  Marked Jung
fibrosis was found on sutopsy.  Asbestos fibers snd asbestosis hodics were
found on microscopic examination. ' !

27. Musss, Giovanni.  Chinical and radiological notes on pnenmaoconiosis due

to ashestas. Silicosis--records of  Tuternational  Conference held 8t
Jolmnnenhurg, Aug. 13 27, 1930, Studics amd Reporte, Sceries P (fod.
Iyg ), No. 13, p. 509,
The X-ruy shows “acborization distebuted biluterally in the hilar nmlv|n-ri-
hilur zones which in most sdvanced cases considerably reduces transpar-
y. Sometimes there s inbitration of the bases.

28. Oliver, Thomms,  Clinical aspects of pulimonary asbestosiv.  Brit. Med,

Jour 1027 (Vol 2): 1026 1027, 1927,
Cune histonn o women who are the subjects of pulsionary asbestosts,
one wged 3 dh e othier 397

20. Panconst, B W, b G Mibler, and ML 1N Bandis A roentgenologic

sty of the elfects of dust inhalation upon the hings Trans. Ansoc.
Awmer. Physicinue 32: 97-168. 1917,
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The Xany aspects of 137 individuals exposed to onganie and inorganic dust
aee prescoted  OF the gronp eaposed Lo inotganic dast 15 were ashestos
warhers, Shadowy almost invasiably st uppeared m the right tung on

adevel with the bitis shadow.  The appearancs of the shadows is reported

“softer nnd bens sharply el "onsbestos warkers. A good deseription

15 given of Uhe theee stages which the authors recognize in the progiess of

Sehuster, Noruh H Pulinonury ashestosis in a dog. Jour. Path. and Bact.

A dug kept in awn ushestos fuctory 10 years “had suffered for two years from

cough and dyspooea, wnd for six months from progressive wasting.  “T'he
" On examination
of the lunga ditfuse Bl osis, branchicetusis, phagocy tosis, and aslaestos
Bhers were found.  Anbestosis bodies. were uot foand.

dy spuoca beenme s distressing (hat he way destroye

Seder, HO B, and M. DL Gilmour. A case of pulmonary sshestosis. — Brit.
Med Jowr, 1030 (1) 10112 1L 1931

A 12-vear-old man emplayed 23 yenrs in an asbestos fnctory as o carder,
dey-cloth wenver, and in the mnofacture of willbonred, songht treatment
for “congh, breathlessiess, loss of weight, and sstnde. Rudiographie
exmmination revenled u difuse ling mattling of a wilicotic nature spremd
thronghout both lungs. The paticat who is the subjeet of these notes
has dicd, and the fuet that pathologicasl crammation showed that death

s b wolely to cardine il secondary Lo back pressore vesulting from
the minssive generalizal fbrosis and iecespective of uny added infection is
n additional pant of mterest in this cose.”

Shall, J. R Asbestosis: a rocntgenologic review of 71 cames. Raliology
Renults of medical exnmination of ashestos textile workers.  Two autopsy
Stock, G A, Pulonury asbestosis.  Med, Boll. Veterans' Adm. 10:

A 27-year-old mun, cnployed 8 years as an asbestos earder, was wdmitied to
o hospitul because of shortness of breath amd cheat pain. Te wan under-
werght nnd bl poor ehest exgmnsion. No polaicnnry tabercalosis present.
The post-montem dingnoses were: Pocumonia, ncute lobae; pueamoro-
wvrsis, #ll lobes of both laegs; pleatisy, chionie, tibninous, right, and chronie
hhrinows with adhesions, lefl; mtestobar, teft; hy perteophy und dilutntion
of the hewrt; nppendieitin,g chronic.”  Ihstological examination revealed

Stroche, I Bedieht uber den Fall von Lungen-asbestosis, welcher der
Arbeit des Heven Prol Beger cugtande licgt  Virchow's Acehiv. . path-
su Phiysiologue 2000 351 307, 10

1.

ployed i a Genmna as

ht.

wstod fadctory 20 years complained

X-iny exanunatum showed

e, Hoccolent murhioge cmonddle and lower portions of bung hetds. Died

On aulopsy

fornd tibrosis, compliysein, and usbestosiy

tosts,
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27. 270 202, 1936
reports.
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1261290 1933,
nsbientusie budhies wnd ibrons
44
ologische Analo
$h-veur-old man
of dyspnocn, Dol o A Lo of w
of heart Holune
Proclies. No signs of talee
St Winte, 'L P Polinm

v oushestoais. Trans. Med. Soc. State of North
Cuwrolina, G 250 2020 19345,

A 1h-year-old anan caplned 9 yems inoan asbestos il sought aedient
treatieat anacconnt of shorbiess of bresth, nonproductive congh, sl
shight boss of weight. Al sy mplomy increased in severity as tine went on,

34,

35.

&

38,

40,

40,

b, Gloyoe, 8 R The presen

1%

On X-ray eaxnminntion 9 years later *The long ficlds are negative for
tubrienlosis Phe esamination shows a warked, widesprewd hbrosis
throughout both chests which ceanchies the peniphery. The heart outling
is cntirely obmcured by dense (ibrosis and the cardio-plirenic angles are
obliterated.” The cyuet heart e wt be determined be-
case of the shagginess of the heart outline but the henrt in definitely
enlurged "

Waood, W. B8, and D). 8. Page. A case of pulimonary sshestosis: Death from
tubercwlosis two yeurs after first exposure to the dust. Toberele 1
157 158 1930,

A 21-yenr-old woman ciployed 15 months as o spinner in an ashestos fuetory
sought treatinent for “nnorenia, wenhuess, wasting, and puin in the right
side of the chest of three wonthy’ daration  She denicd having congh or
evpectoration.  There was no pudiographic esidence of pucumoconiosis.”
On histological examination of the lungs, “‘in the few sections examined in
which tubereulous lesions were not present, the ashestos together with
o Iarge quantity of black pigment was generslly surrounded by a little

but there was uo gross fibrosis ' Ashestos fibers and ay-

fibrous tissne,

hestusis bodies were fowml.

Wood, W. B, aned 8. . Gloyne.  Polmonary sshestosis; n review of one
Nundred cases.  Lancet 227 (2): 1383 1385 1034,

Of 10 usbestos worhers who sought o eal trentiment, 53 hind uncowpli-
cated ashestosis, 21 had ashestosie with setive tuberenlosis, 9 had as-
bestosia with obsulescent tubereulosis, and 17 were dingooseill as doubtful
cases of wabestosis,  “Septic bronchitis, broncho-pueumonin, and pal-
monary tuberenlosis are the commonest tensinsl complicidions of the

discase.”

ASBESTOSIS BODIES

s of anbentosis hodies in the fucee: in a case of
pulmonary fibrosis.  Tubercle 12: 158 159, 1931

e fueces were emalsified with four or five times their volum of 5 per cent
fovmalin in saline.  The cmulsion of the facees, when centrifuged, waa
fownl o contuin a scanty smnber of ashestosis bodie:

L Gloyne, 8 oA ancthod of staining the asbesgosis bodics wt in the

sputum of ushestos workers,  Jour, Ind. Hyg. 13- 85-86. 1931
Deseriben techuigues empluying Prossisn blue aod anunoninon salhde.
Lynch, K. M, and W A. Smith  Asbestosis hodies in spotum and lung.

Jour. Awer Med Ansoc. 95 659- 661, 1930,

Ashestosis hodies (llustrated) were recovered from the hings of two asbestos
workers il from the spatum of four asbestos workers
Page, B C. A study of the sputum in pubinonary asbestosis.  Amer. Jour.

Med. Sor 1890 44 5560 1046
Clumpw of ashestosts bodies were found in the sputam of 10 ssbestos workers

with mdvaneed a b oss. Ashestosis bodies were found in nll bat 1 of

the 3t enxes o
Stewart, M3 and A 2 Haddow,  Demsonstration of the pecatinr bodies of

pulmonary wshestones C'ansbestosts bodies™) i madtenial obtwined by lung

puncture awl in the spotua. Jour. Path. aod Baet, 320 172 1920,
Ashestosin bodies were found in material oldsined by pancturing the heft

Jung with o hollow needle. Paticnt was 1 38-year-old woman, employed in

a0 nabestos factory 15 years, who had cough, dyspuoca, und loss of weight.
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Stewart, M. 3, N Tattersall, sk A, C. Haddow. On the ocenrrence of
clumps of gsbeatosis bodies in the sputum of ashestos workers.  Jour.
Puth, Buet, 35: 787 740, 1932,

A clump of nshestosin bodies was found i the sputum of a 31-year-okt
woman cioployed 11 oyears in an ashestos factory.  She eonpluined of
canpel, dvaspnoca, winl anore “The radiogeaph showed difuse line
sh o Hoghout the lower thisd of hoth lungs'" Died of broneho-
pocamoma. On antopsy, ““There was notable dilfuse tibrosis of the greater
(husal) portion of both lower lobes.  The non-tibrosed tissue was somewhat
crmphyscinntous.’  Ashestosis balics were most numerous in the densely
hbrosed arens.  No evidenee of tuberenlosis.

- Sundimg, N, and A Bygdén.  Der Stsubinhalt ciner Asbestosislunge und

die Beschatfenheit der sogennnnten Ashestosinkarperchen.  Archiv fue
Gewerbepath, nid Gewerlwehyg. B: 26-70. 1937,

Quantitative microcheical analysis of ashestosis bodics isoluted from s
buman hing showed that the gel surrounding the asboston tiber consisted
lurgely of ferric oxide, phosphate, an organie substunce whose ehemical
compusition suggents that it is a prot and water.  Chemical sunlysis and
X-ray exununation of cores of ashestosis bodies indicated that the ehemicual
conposition of the ashestos iber remained unchanged.

OTHER PNEUMOCONIONES

Curtiy, A. J. R. The bhealth of L'cmvut'wurkcru. Tndust. Med. 6: 195-200,
37, :

Renults of & medienl survey of 201 men eaposed to dust in & cement mill,
Morbidity data for 31 plants.

Drecssen, W €. Fifects of certain silicate dusts on the lungs.  Jour. T,
Hyg. 15: 66 78. 1933,

“The silicate dusts of Gemolite tale and slate induce a fine, diffuse, bilateral
Bihrosiy of the lungs which is definitely demonstrable in the X-ray.”

Dicessen, W. €. Effeet of inbaled marble dust ws observed in Vermont
mwarble finishers. Publie Health Heports 49: 724- 732, 1931,

CANhough wneble dust when inhaled in the concentrations here observed
[lens than 26 mullion purticles per cabic foot) produees o nald bilutera?,
hnear hbhrosis in (15 pereent of the 80 men X-rayced] no serions lung changes
were noted nnd there was no disability due to the dust, even after many
yeura of exposure.””

Dicessen, WG and LML DallaValle, The elfects of exposare to dust in
two Georgin tule mille nnd e, Pobilic Henlth Heporte 50; 131-143.
1935, Heprnnt V664

Fogincering nid suedicnl study of the relation hetween dust exposure snd
veeurrenee of puetisoconiosis in 66 workers.,

- Divenwsen, W Cpnnd 18R Jones. Aothiscosilivosis.  Jonr. Amer. Med.

Assoe 107: 1179 1i8. 103G
Reeults of o medicnl exammation of 2,711 employed and 135 disabled

authracite winers.

Holfwun, 1 Lo Mortabity froni sespirstory diseascs in dusty trades (inor-®
gunic duste). Bull. U8 Bur. Lub. Stat. No. 231, pp. 176 180, 1018,

Gives brjel sunnaries of the elfects of exposure to inorganie dusts, compiled
frum oceapational mostality data available in 1918,

47.

48.
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Middicton, E. L. Industrial pulmonary disease due to the inhalation of
dust.  Llancet 2301: 1-9; 5961 1936,

Part | deals with silicosm, Part 11 with silicatosis (including esbestosis).

Ruseell, Ao B, R Britten, Lo R Thompron, and 1.3 Blwomntickd. The
health of wor ndusty trades. 11 Exposure o siliceor s dust (granite
industry).  Public Health Bulletin No. 187, 1929,

An cogineering, medical, and statistical stucdy of the effects of exposure to
granite dust on wotkers,

‘
Suyers, R, 1L, ¥. V. Meriwether, A. J. Lanza, and W. W, Adumna.  Silicosis ©

and tubercolosis among miners of the tri-state district of Oklahoma,
Kansas, and Missouri. 1. For the year ended June 30, 1328, Burcan of
Mines, Techmend Paper 545, 1033,

Results of wmedienl und rocntgenographic examinations of 7,722 men employed

in lead aud zine
Suyars, . R. 8

print 16246,
Discussion of the historical, medical, and ongincering aspeets of silicosiy,
Sayers, R 1, . ). Bloowficld, J. M. DullaValle, It. . Joues, W. C. Drece-

sen, 13 K. Brundsge, and R L Britten.  Anthiraco-silicusiv smong hard

coul miners.  Public Health Balletio No. 221, 1935,
Medical and engineering study of incid of

chust exposure wimong 2,700 anthracite » iners.

wis.  Public Health Reports 49: 695-612. 1934, Ie-

iosis in relation to

- Thumpson, L. 1, D, K Brandags, A, E. Ruasell, and 1. J. Bloomficld. The

health of worhers in dusty trades. 1. Health of workers in 8 Purtland
cement plant. Public Health Bulletin No. 176, 1028,

Includes an engineering study of dust conditions in a caneot plant, records
of respiratory silments, and physical examinations of 8 lurge gronp of

workers.
CANCER AND ABBESTOBIS

Egbert, 1. 8., and A ). Geiger.  Pulmonary asbestosis and carcinoma.
Amer. Rev. Tubere. 38 143-160. 1034,

A H1-year-old mnn eniployed 18 years as an ashestos weaver sought medical
treutanont for dyspuoes, cough, and “an insidious, gradually inercasing
poin of sehing character throughout the baek.”  Paticut lost 40 ponnds
within # few months.  Defore death, X-ray and luboratory tests were
minde,  Besides the ehmracteristic pathological and histological signs of
nshestosis, there was a loige primary enrcinoma (illustrated) in the lower
tobie of the left lung. .

Gloyne, 8. 1. Squamous carcinoma of lung occurnng in ushestodis: two

17: 6-10. 1935,

Deacription of malignunt lesions noted jo two cases.  The lesions were sihall
and not recognized indife,  They showed prickle cells, herstinizstion, and
coll nests, ‘The growths advanced along the bronchinl snucosa by eun-
tinvons five B prolongetions. ‘The growths were o o portion of the
Jung where + -7 castosia was quite advanced.

cusen. Tube

Gloyue, 3. It Out cell carcinmma of lung occurring in ashestosis: case.
Tuberels 18, 100 -100, 1936,

Typical, eatensive sshestosis was fonud on sutopsy of a 59-year-ohl man
employed 227 years in the storage departiment of ao sshestos fuctory. A
neoptusm ubout the size of & golf bull was found in the peripheral portion
of the Jower lobe of the Jeft lupg, continuous with the plears.  The growth
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from ncenter o compnet mnsy, destioying luug Daue s it progressed.,

Sh. Lynch, Ko M and Wo AL St Catdinanue of luug i webesto-pilicasis.
Amer Jour, Caneer 210 58 G 1935

Coune report of white miale, nge §7, who bad heew cotton weaver 22 yeurs nid
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weme b il whoeat 210 yeres As resudt of eaposure, be had ex-
teosn bbroar 0 lungys and pleara with cophy sema, bronchicetams, ail
cwrdine cmbaaaessment.  Jooaddition to e difuse hrosis, the authors
noted fonnation of by alin fibross nodules chameteristie of silicesis.  The
pulinonary cancer appeared to otigionte from one of the bisnehes of the
Hionchus 1o the nght lowor lobe, where squamons mctaplasia of the living
cpttheliim was ohserved  Phe durstion of the enneer could not he speci-
fed, but it Jdid not antedate the filirosis,

MISCELLANEOUS

=

Britten, Rollo 11, and L. R Thompson. A bealth stady of ten thousand
tinle industiind workers Statistical snalysis of surveys in ten industries.
Public Heatth Bulletin No. 1620 1320,

Sunnnary of anthropuctite and physiclogienl data obtained in physical
exuminations, together with incrdence of certuin phy steal defects.,

57 Gander, Lo U and D E Cumiings. Studies on eapernicntal pneuiono-
Pomosis, VI Inhalatn o of ushestos dust: Its offect upon  pritary
tuberenlons anfection Jour. Ind Hyg. 13: 65-86 97 112, 1931,

“CGuanea-pigs have been exposed for eight hours duily for periods as long as
two and one-third years to au atinosphere contaming approxuuately
Hurty-five salbion particles per cubie foot of ashestos dust (Canadian
chirynottle) 16 miveons and s in dinneeter. Hablots wod albino ruts
buve hkewise beew exposed for shorter periods (330 days).”’

88. Gloyne, 8. U The piesence of the asbestos Bibre in the lesions of ashestos
wurkers,  Pobeiche 1 401-407. 1929,

Asbestos fibers, but nol asbestosis bodien, were fornd in asbestos corng.

59. King, I6. 3, und M. Dolun  Stheosws and the metabohsm of siliea.  Can.
Mk Assoc Jonr 300 20-20 1934,

Urinury stlica content of 56 miners wan 2.2 wmg per 100 co; of 40 studenta
Lang per 100 ce (single specanens).  Analytical procedure is described.

.Fx:?g. ,

60 Miller, J W, und R 1L Sayers “The phymologieal response of peritoncal
temite Lo evttanin mdustiin and pure manerad dusts. Pablic Health
Reporte 5 1677 1688, 1036 Repnnt No. 1787,

32 duste were chissilicd accotding to the reaction produced oun intraperitoneal
s chail 1o ginea pigs.

Milter, W 8. The lung. Charles C. Thomas, Springlickd, Nl Baltimore.
W37, pp. 65

Y Nortis, GOW  and 1100 M Landn, Discases of the chest and the prin-
ciplen of physiea) digoons, W B Sganders Co, Pladadelphia. 5t
cdition. 1933

Poattnets from the annunl tepart of the Chief luspector of Factories and
Workshops. 1035 Chapter - Health e Majesty's  Stationesy
Dept Lomdon, :
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