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ABSTRACT

Ashestosis, & lung disease caused by long-continued inhalation of
ashestos dust, was the principal physieal defect found on medical
examination of 541 men and women employed (or recently cmployed)
in three ashestos textile factories. The primary cffect of ashestos
dust scems to be initiation of fine, interstitial, pulmonary fibrosis
which was not observed to progress us far as the nodular stage. This
fibrosis was observed in post-mortem examinations of three former
nshestos workers.  During life, lung fibrosis ean be detected by Xe-ray
examination. The more important symptoms of asbestosis are pro-
gressive dyspnoea, varinble cough which sometimes raises blood-
streaked sputum, and loss of weight. The processes that produce
dust in ashestos textile factories were studied and recommendations
for dust control are incorporated in this report.  Enough dust counts
(242) were made in all parts of these factories so that the dust ex-
posure of cach worker can he estimated. The percentage of persons
in dilferent occupational groups who were affected by ashestosis or
any of its symptoms varied with the average dust concentration to
which they were subjected and with their length of employment.
The only cases of ashestosis, three in number, found below 5 million
particles per cubic foot were dingnosed as doubtful; well-established
eases oceurred at higher concentrations. It appears from these data

this limit new cases of asbestosis would not abpear.

o~ T ~—

(IX)

that if pshestosslust caneentrations jn_the air breathed are kept below
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T o1

A STUDY OF ASBESTOSIS IN THE ASBESTOS TEXTILE
INDUSTRY,

INTRODUCTION

Several important properties of asbestos have led to its widespread
use in industry. As everyone knows, it is noncombustible and an
excellent insulator against heat and electricity. Fewer people seem

to be aware that its fibers are sufficiently long and flexible to be earded, |

spun, and woven like wool, {lax, or cotton. Utilizing these properties
of ssbestos, industrics have been developed in this country which
employed more than 6.000 men and women in slightly more than 60
establishments in 1935.

Another property of ashestos has been discovered more recently.
When asbestos dust is inhuled daily, year in and year out, a lung
disease termed asbestosis 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 case of asbestosis seems to have been made by
Montague Murray in 1900. The first complete description of the
disense and of the “curious bodies” seen in lung tissue and sputum
appeared in 1927 when Cooke (9) and McDonald (22) reported two
cases of nshestosis and listed their reasons for believing that asbestosis
bodies originate from ashestos fibers that rench the lungs. The pub-
liention of their papers aroused general interest in the subject and
numerous papers appeared soon afterward. Hoffman (46) appears to
have been the first American to call attention to the magnitude of
the nsbestosis problem. In 1918 he reported that 13 deaths from
asbestosis had occurred nmong asbestos textile workers, and about the
saume time Pancoast, Miller, and Landis (29) reported on 17 cases of
asbestosis. Mill's (26) paper was the first pathological report on
asbestosis published in the United States, and in the same year, 1930,
Lynch and Smith (38) reported on asbestosis bodies found in the
sputum of asbestos workers.

Because severnl satisfactory literature reviews of ashestosis have
appeared in recent yenrs there seems to be no need to present a com-
plete liternture review in this report.  Some of the more useful litera-
ture reviews have been listed in the annotated bibliography. In
Merewetlier's (23) review emphasis is laid on the relation of asbestosis

1)
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to working conditions. The clinieal aspeets of the subject are well
treated.  Gloyne's (16) discussion of the pathelogy of ashestosis is
particulurly helpful.  Middleton'’s (47) Milroy lectures on pneumo-
coniosis contain a section on asbhestosis.  Eghert ¢13) has summarized
the literature reports on 28 fatal cuses of ashestosis. “Active pul-
monary tuberculosis was present in 6 instances of the total 28 enses;
the fatal outcome was primarily the result of tuberculosis in 3
instances.”
OBJECTIVES OF THE STUDY

The Public Health Service was requested by the State Board of
Iealth and the Industrial Commission (administrator of the Work-
men’s Compensation Acet) of North Carolina to assist them in making

anr engineering and medieal study of health hazards in the asbestos -

textile industry.! The objectives of this study were threefold: (1) To
make a medical study of the effects of long-continued inhalation of
ashestos dust on the human body; (2) to identify the maunufncturing
processes that create dust and to recommend practices and, when
necessary, cquipment that will reduce the dust exposure of workers;
and (3) to find out what concentration of ashestos dust can be tolernted
without injury to health. -

1 This represents one of the (rst uses of Suciuf Security funds for & cooperative prolect carried on by the
Public Health Service and a State health department.
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THE WORKING ENVIRONM ENT

METHODS ANDINSTRUMENTS USED IN THESTUDY OF THE WORKING ENVIRONMENT

The evaluation of the working environment and its relation to the
health of workers forms the basis of all field investigations conducted
by the Division of Industrinl Hygiene. The procedure followed by
this Division is described in Public Health Bulletin No. 217 (2).
Therefore, only a bricl discussion of the subject is presented in this
report. oL

The study of an oceupational dust problem begins with a preliminary
survey designed to obtain data on all the occupationsin a given plant.
It includes the number of workers employed in each occupation and
the materinls used in ecach process. The survey also reveals the
number of workers exposed to a given hazard. Following the pre-
liminary survey an evaluation of the occupational environment is
made. In the dusty trndes this includes a determination of the
amount-of dust present in the air, its composition and particle size and
' the measurement of the effectiveness of exhaust systems where they
are used to control dust hazards. The latter, in this instance, involved
airflow measurements of severnl exhaust systems by means of a pitot
static tube. The effectivencss of these systems was determined by
dust counts.

THE MANUFACTURE OF ASBESTOS TEXTILES

Approximately 90 percent of the asbestos used in these plants
is obtained from Canada. The remnining 10 percent comes from
Arizona or South Afriea, and, infrequently, from Russian and Aus-
tralian sources.

Much of the machinery that is employed for the manufacture of
ashestos textiles is identical with the machinery used for the production
of cotton and woolen roods. Crude asbestos fiber is sent first to the
preparation department and then, in the order named, to the carding
machines, spinning frames, winding bobbins, twisting machines,
spooling frames, and finally to the looms and miscellancous {abricating
devices.

The four plants investignted in the present study fall naturally
into two classifications,  Two plants convert crude ashestos and raw
cotton into ashestos yarn and woven goods, but do not prepare the

3

- i el e § L ASWIIINES % = wep oo o e ———————— e <« s
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products for the ultimate consumer,
both ashestos yarn and unfinished woven ashestos tape.  These
establishments weave brake bands and convert their own woven
product, as well as purchased materinl, into finished goods. The
practices followed in the plants studied nre schenmtienlly presented in

L . the flow sheet shown
' ' in ligure 2.

PREPARATION

Crushing.—The first
step in the manufac-
ture ol ashestos textiles
is the crushing of the
crude stock in a mill-
ing machine. This is
accomplished by large
iron rollers which re-
volve in a steel pan in
which the erude ma-
terial is placed. (Sece
fiz. 3.) Thisoperation
separates thoe fibers
and loosens the impur-
ities that survived the
cobbing of the ore at
the mines. The crush-
ing operation does not
produce much dust,
the fibers being disin-
tegrated by a mashing
and twisting action.

Most erude ore must
he crushed for 20
minutes, although in
some cases it may be
satisfactorily  disinte-

-& o ~] grated in 5 minutes.
R SR TER A  The crushed asbestos

FIGURE t.—VACUUM CLEANER BAG ARH‘ANGEMENT luls O nma t tcd appcn r=-
R COLLECTING SUSPENDOED DUST SAMPLES. ~ .
FomC : ance. Following the

crushing, the asbestos is replaced by hand in the bags for delivery
to the \ullowcr.

Willowing.— The willowing or opening of the ushestos is essentinlly
a cleaning operation. The willower beats and shreds the matted

Dreessen and Others, A Study of Asbestosis in the Asbestos Textile Industry (1938)
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FLOW SHEET
AMERICAN PRACTICE
Crude Asbestos

' Crasher
¥iliover
(includes prissry
screeaing) ‘
P o= e wfoteined Passing
1]
Rew Cotton H Secondary Sereen
H ’
' Retained Passing
Braker, or ‘ Materisl occasionally
Opener \4 screened agaln to re-
Some plents do cover fibres that meay
not emplay sec- be used in low crade
ondary screeaing’ products - othervise
M te
:
' Recovery Scrasen

Pussing
COTTON ASBLSTOS MIXTURE

(Inpregnation with
ejther vegetable
resins, or ssphaitic
e-'uni')

Baked

Finished

\locludes calsndering,

grindiag, drilling sad
steacil !u)

Market

FIGURE 2. -FLOW SHEET OF AMERIGCAN PRACTICE
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ashestos masses into individual fibers and removes some of the rock.
The asbestos fibers that are retnined are delivered direetly to a stornge
bin or conveyed to one by pneumatic duet.  (See fig. 4.) The ma-
terinl [nlling to the floor is-screened in order to separate the grit from
the short fibers. The grit is sold to cement manufacturers and tho
short asbestos fibers to paint, paper, and rooling manufacturers.
The willower is fed manually by a laborer who lifts the. crushed
asbestos into the willower hopper by means of a pitchfork. The
beating and combing action which takes place within the machine
produces a large nmount of dust which cscapes fromn the loose-fitting
enclosure. The production of dust is increased when waste ashestos,
recovered from the cyclone separators which form a part of the dust-

FIGURE 3.—-MILL FOR CRUSHING ASBESTOS FiBER.

removal system, is willowed for reclaiming purposes. This latter
operation is called fly willowing. _

At one of the plants studied, the willowed asbestos is passed over a
vibrating screen. This operation insures a cleaner product, since
additional grit and short fibers are removed. Where a second screen
is not available the asbestos may be passed through the willower a
second time, a practice which is followed at two of the plants studied.
The screening of asbestos is a decidedly dusty operation.

Mirtng.—The asbestos fibers consist of blends of various grades and
often include 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 market. When a batch of asbestos has
been made, it is then mixed with cotton. Asbestos fibers must be
mixed with cotton before they can be spun and woven. The amount
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¢ of cotton used depends upon the quality of the willowed ushestos
fibers used.  Asarule, from 5to 15 percent by weight of all the ashes-
tos textiles produced in this country is cotton.
: Piling.—At the plants studied, the mixing is nccomplmhod in l\\o
steps, the first consisting of plncmg the cotton and asbestos in alter-
nate layers in a pile upon the floor, and the second step of fecding the
mixture into a picker machine. The batch making, or the placing of
the cotton and asbestos, is known as piling. It is productive of much
dust sinee it is necessary to spread out both the cotton and asbestos
into uniform layers, which involves the use of a rake and much
trampling of the materials.

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

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

oo hopper displaces air in the hopper which causes dust and fibers to
escape upward into the face of the worker. In addition, the eylinder
and accessory rollers of the picker machine operate at a high speed
and much fine material escapes from the many small openings in the
frame. The dust that is fanned out of the machine, together with
i that produced in the feeding operation, makes the pickerman’s occu-
pation comparntively dusty. In some plants two pickers are oper-
ated in series and in others only one, through which the material
mny be passed several times. In cither case the picker discharges
direetly or by puneumatic duct into a collector bin.  Where only one

i machine is available, however, the pickerman must move the materianl
| by pitelfork from the collector bin to the floor of the picker room for
! its recirculation through the picker. “At one of the plants studied
l there nre two pickers operated in series and connected by pneumatic
| 4:1102—38— .2
3 .
1
|
|
| !
!
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ducts. Ilere the collector bin is also the storage bin. - In order to
prevent the mixed material from aceumulating in a steep pile n man
is stationed in the stock bin at all times. This occupation creates
considerable dust, since the cotton-nshestos mixture is delivered into
the bin by overhead duct discharge. In order to reduce the dust
exposure of the stock-bin man, his position is made interchangeable
with the pickerman, each of whom spends a half of every day in the
stock bin and a half day at the picker. In the plant having ouly one
picker, the mixture is trucked from the collector bin to the storage bin.
At one of the plants studied, exhaust ventilation is provided for the
picker machines and the mixed stock storage bins. Gil sprays are

.._ - ,rvv —
1 mm’%ﬂﬂ’r L

FIGURE 3. —EXHAUSTED CARDING MACHINES.

frequently used within the picking machines in an attempt to prevent

‘the formation of dust.
CARDING

From the storage bins the stock, as it is ealled, is hand-trucked to
the carding machines where it may be piled upon the floor or fed into
the hopper of the breaker card.

The cards perform several duties. They give the fibers an addi-
tional mixing, arrange them in parallel positions, and form them into
roving. The term roving is applied to the strands of pamllel fibers
that are produced. A carding unit consists of two almost identical
machines. The one through which the cotton-asbestos mixture passes
first i3 termed the breaker ennd, and the other, the fintshing eavd.  The
two muchines are quite similar in that a lnrge revolving eylinder with
several accessory rollers performs the major portion of the work.
(Sce fig. 5.) The carding operation is quite similar to that of the

Dreessen and Others, A Study of Asbestosis in the Asbestos Textile Industry (1938) Published by AsbestosClaims.Law
ACL Doc 11365 - Page 16 of 134 asbestosclaims.law/library/11365/16


https://asbestosclaims.law/library/11365/16

9

picker, the essential difference heing that the roller and cvlinder sur-

fuces are studded with fine steel bristles rather than large hooks.

Some of the rollers straighten the fibers by combing out the tangles,

while others dolf, or remove, them from the combing rollers and the

eylinder.  Aside from these main features, the two units differ'slightly.

The breaker card is equipped with a feeding hopper similar to that -
used on the picking machine, while the finishing card is provided with

a device for forming the carded fibers into strands. In the plants

studied n system of conveyor lattices transfer the carded fibers from

one machine to the other. The outside strands of roving are returned .

FIGURE 6.—SPINNING MULES.

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

The bristle-studded eylinders of the carding machines revolve at
high speeds and much lint is thrown into the atmosphere. The effect
produced by the revolving cylinders and wheels is similar to that of a
fan, and as a result much of the dust remaining on the stock at this
point, as well as ashestos and cotton fibers, is blown into the air. All
carding machines studied were provided with exhaust ventilation.

While practically all of the roving is spun into yarn, some of it is
marketed without further processing other than winding on spools or
into coils. In this form it is used for electrical insulation and for
: conversion into packing for machine bearings. :

BPINNING

The jack spools containing the roving may be conveyed cither to the
mule spinning machines shown in figure 6 or to the ring spinning
frames.  The spinning, on whatever machine performed, is a twisting
operation which imparts strength to the strand of fibers by inter-

-
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locking or meshing them together.  The ring spinner twists the roving
as it is wound on a spindle, while the mule spinner performs the same
trentment in two operations; first, spinning it in 5- or G-foot lengths
and then winding it on a spindle. The ring spinner makes n yarn that
is stronger and better in many respects than that produced on the

mule spinner.
WINDING, TWISTING, AND SPOOLING

The spun yarn is converted into stronger thread in two operations.
It is taken first to the winding machines where it is transferred from
spindles to tubes. After being wound on tubes, the yarn goes to the
twisting machines where the thread from two 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

= Iy oW Wmrew -
V.~ _.:;? o __..,_‘}

1 f ]

RS

g

M FIGURE 7. —TWISTING MACHINE.

with cotton twine. Following the initial twisting operation the yarn
may return to the winders for placing on special tubes, in which form
it is marketed. Then ngnin, it may he conveyed to the cop or twill
winders where it is wound into spindles for use in the shuttles of the
looms. There are a variety of winding operations that prepare the
yarn in some particular manner for the market or for use on certain
types of machines. Likewise, there are a varicty of twisting and
spooling operations.  (See fig. 7.)

The winding and twisting of the ynrn is followed by a number of
more or less related operations.  The thread may be converted into

. cloth, tape, wick, brake lining, tubes, braids, or formed into rope.

(See figs. 8 and 9.) A small umount of the product of the winders

and twisters is treated by possing through o sizing compound, and

subsequently dried on reels before heing wound ngnin on tubes for the
market.

/>
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| WEAVING

1 The wenving of ashestos is done on looms that opernte in the cone
ventional manner.  Both elot. looms and tape loonms nre used.  (See
fies. 10 and 11.)  On the latter, brake lining, ashestos tape, and wick
jor vil stoves are woven. The tape looms differ from the cloth looms
in that the warp is segregated into several strips of materinl and in
that there is a shuttle for each strip of warp.  The weaving of all strips
proceeds simultancously; ane mechanism operates all shuttles and a
single reed suffices for
all warps. Looms
for tape weaving are
made in multiples of
| 6 spaces up to us
many as 30. .Both
dry and wet weaving
are employed for the
production of both
cloth and tape. In
wet weaving the warp
is passed through a
shallow pan of water
and the cop (forusein
the shuttle) is dipped
into water.

Dry weaving of
broadeloth produces
much lint and dust,
The threads of the
warp are continually
rubbed past each
other as they are
moved from positions
above or below the g A T
line of the shuttle [. .~ «@tiTrady-r3p
which is shot from
one side of the loom
: to the other at each change in position of the warp. Fiber frngments
are rubbed from the threads at each change in their position and the
fanning of the air by the moving machinery carries them into the
atmosphere in and about the Joom. The snme machines are used for
- both wet and dry weaving.

“In the manufacture of asbestos woven products at some of the
plants studied, the warp is formed on individual looms by harnessing
the thread from many spools which nre hung on ercel racks. At others

ol eamete

-~ ¥
S X ST

FIGURE 8.—EXHAUSTED BRAIDER.
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.
the warp is first wound on a beam from the individual spools and then
transferred to the looms. The latter practice makes a more compact
weaving unit as creel racks oceupy several times as much floor space
as the loom. The crecl racks are attended by a worker who is kept

e LT

;.4

) O t:

FIGURE 10.—BROADCLOTH WEAVING LOOM.

busy tying broken threads and replacing empty spools with full ones.
& The occupation involves nn exposure to ashestos dust for which the
~ looms are largely responsible. . '
. The ashestos cloth is usually shipped to firms that convert it into
gaskets, fireproof clothing, and other products that require a non-

[
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combustible fubric. Some ashestos wick is packed for the market
without further trentment.  Asbestos tape is usunlly sold to other
industries. Some plunts that weave brake bands sell it as o crude
woven ribbon of fabric to finishing factories, while other manufac-
turers of the material convert it into finished products.

DY

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

BRAKE-RAND MANUFACTURE

The manufacture of brake bands procecds in several steps, the
being the impregnation of the woven fabric with cither an as-
ic compound or a vegetable resin.  The latter is the newer form
catment and is rapidly supplanting the former. Following this
operation a hieat trentment is applied in a specinlly constructed oven.
In practice the ribbon of woven ashestos passes first into a vat of the
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treating substances and thence immediately  into a buking oven.
These operations are earried on in a building that is well ventilated
and which is removed from other structures sufliciently to reduce the
fire hazard. The treated uashestos fabric is now ecalendered’ into
uniform width and thickness nnd one surface is ground smooth. The
brake-band material is next cut into suitable 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 made of nshestos ynrn and

F H
British Practice LOW SHEET
z(:npi.nl letters
employed to denote Crude Asbestos
processes that are .
pot in use in the Crusher
American plaats in- ¢
volved in this atudy.) MIXER
+
MAGNETIC ‘SEPMATOR
SHAKER SCREENS
(ROTARY THAEE COMPARTMENT
. scnimls)
rzmm‘nox )
Willower

(PRITISH EMPLOY VERTICAL
. WILLOWER KNOWN AS A
Rew cotton clesned in CREIGHTON OPENER)

opener and picker - ¢

converted into a roll Screening

of felt known as "laps* Americen practice - | (SIEVING - BRITISH
cotton eadded at TERMINOLOGY)
this point followed | ____ __ ¥
by Picker aixing Stock Bins
Carding Machines 4———-|

Roving

Remsinder of flow
sheet similar to
that for American
practics.

FIGURE 12.—FLOW SHE!T. OF BRITISH PRACTICE.

a synthetic resin. The process consists of pussing asbestos thread

through a bath of resinous materianl and immediately winding it upon *

a spool or eylinder.  Enough of the resin will adhere to the ushestos’
to form a matrix into which the ashestos thread will be imbedded.|
When the desired thickness is obtained, the spool or eylinder is given!
n hent treatment which hardens the resin. The baked cylinder of:
materinl is removed from the spool and cut into narrow sections.. The-
circular bands thus formed are ground, machined, and otherwise made:
ready for the market. . _ j
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The grinding or surfacing of the brake hands produces considerable
dust. In the plants studied exhaust ventilation was used to control
the exposure. :

BRITISH MANUFACTURING METHODS

British practice differs in many respects from American practice.
The same type of machinery is used in both countries but in British
factorics, dust-control equipment seems to he more gencrally used
than in American factories.  British factories specialize in the produc-
tion of fine yarn and this involves numerous differences in practice.

In England the processing of the nsbestos begins, ns it does in the
United States, with the crushing of the ore, but when this operation
has been completed the manufacturing process does not parallel

American practice until the fiber has been carded and is ready for
. spinning into yarn. (See fig. 12.) '

After crushing, various grades of nsbestos are blended in a machine
quite similar to the conventional type of rotary concrete mixer. It is
of passing interest to note that the same device is used for blending
tea. The blend of asbestos is passed through a magnetic scparator
where certain mineral impurities are removed. It is cleaned further
on rotary shaker screens where some grit and fiber fragments are
eliminated. After screening, the material is fed into a willower.
'The British employ a vertical willower that is known as a Creighton
opener. Its action is similar to that of the American willower, and
the internal revolving mechanism is retained. The willowed material
is subjected to a final cleaning on a second set of screens; such an
operation is terined “sieving.” Willowing is the last of the cleaning
processes, after which the asbestos is placed into bins and is thereafter

known as stock. It is now fully prepared for carding.

The practice at the plants included in this investigation is to add
cotton to the nshestos and thien subject the combination to a thorough
mixing in a picker machine. In England cotton is added to the
asbestos on the carding machine, both fibers being fed separately into

. the breaker eard. The cotton in all probability is prepared for the

carding operation on a conventional type of combination cotton textile
picker machine which apens the fibers, cleans them, and forms the
materinl into laps. The Iatter term is applied to the cotton which is
formed into a broad ribbon of felt and then wound into a roll.
English carding machines are equipped with a feeding conveyor, or
lattice, upon which first the asbestos and then the cotton are placed.
The asbestos is added from a weighing box that is supported over and
near the outside end of the conveyor. This box feeds asbestos in
accordunee with a predetermined ratio of the fiber to the cotton.
When n certain weight of asbestos has accumulated in the box, a
mechanism opens the bottom and allows the material to fall upon the
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lattice. Further nlong a roll of eotton felt rests upon the Intlice and
unwinds as the conveyor moves forward.  Thus, asbestos covered with
a layer of cotton felt is fed into the first machine of the earding unit.
The cnrdmg operation has already been deseribed.

The roving produced by the enrding machines may be convcrted
into yarn on cither one of the two machines, both of which have been
discussed. As was pointed out, the rmg spinning machine produces a
much finer yarn than the mule spmmng device. Since the British
specialize in fine yarn, the nng spinning frames are used virtually to
the exclusion of the mule spinner. The preparation of yarn for the
market and its conversion into woven products will not be discussed
since they are similar to the processes used in this country.

OCCUPATIONAL ANALYSIS AND A DESCRIPTION OF THE CHIEF OCCUPATIONS

The occupational analysis of the four asbestos plants covered in the
present investigation is shown in table 1.

Tasre 1.—Occupational analysis of w;rken in the asbesios leztile manufacturing
tndustry

Number of workers in~—

Total

.Bection and sctivity Plant A Plant B Plant C Plant D

M M T M r M ¥ M r

Preparstion:

Foremen...oeeeceeccececfrcenesnl.
3

....... cocesas|s .

ONOw

Total.ceeeeccaorencnn . Tleeeenn 2 |....... U RN P Ry
Carding:
F

Yy

splu}lln::

lriulc SpinnerY.ccevcaceee
Ring amnm ........ P
Ileipers..

Tothl..coeeuencocacncen

Spooling: 8poolers......... P
Twisting:

'Il:w_l!tm.....'............

Totaleeeueneoacaananane f - J IS [~ HETOe veremen] eodann ceiemee 1 10

e,
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Taney Vo= Oceupational analysin af sworkera sn the asheston tertile manvfucturing
' industry—Continned

Number of workers in—
—_ - Total
Plant B Plant C Plant 1 '

Reetion and artivity

M FIMIF I ML P MY ML P

Winding:
Foremen..... [
Winders..o.ceeeanno. ...
"arn packers. ..........
Total.....ueaan.......
Trestiog: Treaters...........
Cloth weaving:
OfenIen. ....coneenannn.. ) W PR 1 3 PR
Becond hands. .. . 2 {maaaa ! 3 1.
Weavers. . ...... .
ors...
Calenderers.
Creelers.. ..
Cop winders
Helpers. ...
Total...... sevmcneacnes 13 ] 0 [ P S ISR TS 43 11
1
2 H
| I I
1 2
s . | J) I,
Clerk. . caceneeaaaaannn.. ) S P,
Total.......... SR 4. ..... 2 [ ] ] 1 | 2 50 7
Cord, rope, and heaid workers |...._._ ceeeeea 9 | ¥ N PO S, PR I aen]ivacaen [} 12
Finishior: :
Treatersand driers_....._|...._._ . 3 3
Calenderers. | 3N PN . 1
Qrinders - 1 fecencec]encnaan 1
3 3 [
[0 3 (SR FU NN ) N P
R 1 cevecen ) U PO .
eaeenen | 8]...... . 13 f.......
2 leennenn 1 3 7
aborers_ | [] [ 3 ISPOPURS A MOORRTRE B 1 RSN } L 3 P
Watchmen. .. B fecececa]annannn 1 []
Bhipping cler! 1 1 3 2 [ 1
Yard e I PN I eecferena O R FO 3 PO,
Total........ eemcesonan 14 1 [ ] PO 8 (enen . E 1
ce:
Superintendents. ........ 1 ]..... . | I O ] 1. (.3 RS
O(inn... ................ 9 [eaeen . 8 3] 3 N N 2
10)....... 11 3 4 3 |ececnan - L]
Qrand total............ ne N 28] s6f 2 s| ul 1| m w

Reference to table 1 shows that a number of men have been listed
as foremen and second -hands. These terms have been adopted
from the cotton textile industry. They do not always mean full-
time supervisory duties, as might be presumed;in most cases foremen
and second hands are engaged in all the activitios of the department
to which they are assigned. Further mention of these occupations
is not made in the brief occupational descriptions which follow.

. — - e ——

S,

Published by AsbestosClaims.Law

asbestosclaims.law/library/11365/25


https://asbestosclaims.law/library/11365/25

._\ .

18

PREPARATION

. ’ Crushermen emply the raw ashestos, contnined in 100-pound hngs, into the
pan of the crusher.  They also operate the erusher and remove the nsbestos fiber
after crushing.

Willmrera or openers handle erushed fiber and waste roving. The erushed ore is
fed into the willowing mnchine by means of pitehforks.  The willowed materinl
is usually blown into a speeinl bin,  The waste acermulated by the machine is
removed several times daily by the willower.,  Willowers also operato acrceens for
separating coarse granular material {cubs) from the fiber. .

Pickermen make up the ashestos-cotton batches ( piling) according to specifica-
tions and pitch the material into the feeder hopper and the picker machine.
The pickermen in some plants may hand truck to special bins the material which is
blown from the machines.

CARDING

Carders operate the earding machines and clean them when necessary. .

Stackmen handle the stock prepared hy the pickermen. The material is con-
veyed by hand trucks from the stock bins to the eard feeders.

Tenders look after the stock feeders and roving jack spools. The Iatter are
removed when full, and replaced with empty jack spools. The occupations of
tender and carder are in some plants interchangeable. !

Ll et
[ 3

T

BPINNING

Mule spinners operate the mule spinning frames. ' ’ -
Ring spinners operate ring rspinning machines. o
Ilelpers (bobbin boys) assist the mule epinners and ring spinners conveying
full jack spools of roving to the spinners and earryving empty apools back to the .
cards. They also transport the spun yarn and attend to the roving jacks and B
bobbins whenever rcquired.

8POOLING, TWISTING, WINDING, AND TREATING

Spoolers tend the spooling machines and handle spools on which the spun yarn
is wound. :

Twistcra and helpers operate machincs that twist spun material into heavier
and stror.ger yarn.

Winders operate yarn winding machines.

Treaters pass yarn through special compounds (usually precdominantly starch)
and wind it on large reels for deying.  In brake lining manufacture, treaters handle
asphalt and resinous materials with which the product is impregnated.

Yarn packers wrap and box finished yarn.

NG

CLOTH AND TAPE WEAVING

Broadcinth iweacers operate both dey and wet weaving looma.

Tape iceavcra operate looms for weaving tape and brake lining materials.

Inspectars and calemderers inspect and examine all woven material for defects
and pass tape and brake bands through calendering machines to achieve desired
width and thickness. ) .

Creelers attend to the creel racks on which the warp thread spools are mounted.

Cop winders operate eop-winding machines which wind thread on metal spindles
for use in the loom shuttles, '

Wearer helpers usually attend to the drying of hroadeloth which has been woven
wel.  They alxo handle materind for the ereelers and weavers.

* —e—an: 4 - — - —— e —
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ALL OTUER

Cord, rope, and wick workera operate special cord and ropc-umkiug machines
and hreailding mnachines,

Brakedlining finizhers include treaters aund dryer men, cnlmndvrcrn who operate
ealendering mnchines for squaring uneven edges, grinders who smooth off uneven
surfaces, and cutters and drilless who cut the finished hand to required sizes and
drill it for riveting to brake shous for automobiles and other machines. In the
piants studied, these ocenpations were interchangeable.

Gieneral labor includes those occupantions associated with maintenance of equip-
ment and generation of steam. They also include janitors, watchmen, and
shipping clerks.

Superintendencee is concerned with the supervision of all plant activities.

RESULTS OF THE ENGINEERING STUDY
DUST BTUDIES

In the present study, dust counts were made by the impinger
method (2), using ethyi aleohol and distilled water mixtures containing
from 25- to 50-percent alcohol as a collecting fluid. Two sampling

methods were used for collecting dust for chemiecal analysis. (1) .

Settled dust samples were collected at the breathing level and (2) air-
suspended dust was collected with a small, hand-type, vacuum cleaner
fitted with a removable, paper-bag type filter. The latter method is
similar to a procedure developed by Hatch (3). (Sce fig. 1.) In
addition to chemical analyses, petrographic analyses were made on
several samples. In order to determine the particle size of asbestos
dust, an Owens jet apparatus was employed (2). The samples col-
leeted were measured by means of a filar micrometer at a magnification
of approximately 1,000 dinmeters (oil immersion). Photomicrographs
were also made of dust obtained by the vacuum-cleaner device de-
scribed above.

NATURE OF THE DURT FOUND IN ASRESTOS TEXTILE FACTORIES

Composition —~Tuble 2 shows the results of chemical analysis of
settled dust samples obtained by the Hatch method (5). Examination
of these tables does not reveal significant differences among the various
samples.? It will be noted, with one or two exceptions, that the total
ash (no water of crystallization present) dees not vary greatly. The
value of 54.5 obtained for wet weaving (sumple 8) is duc to the moisture
content of the dust sample. Caleulations of composition on an ash
busis bring the values into closer ngreement than indicated in éither
tuble. The results given for sample 11 in table 2 are for brake lining
which has been impregnated with resinous compounds.

? Canndian nshestos (crystile), the ashestan used In these factories, has the following compaosition: ‘Aah.
50 810, 40.49; K30 1.27; M), 1131 Fer00y, 2.53 perrent.  (Asbestos: Vol. 2, No. 5, January 1022.)
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Tantr, 2.—Chemical analyses of "ul“lll dust samples oblained in asbestos textile
: plants .

Average chemieal comprwit lon of sumples -
(percentage)

Depmetment in _v_a'hlchl Remarks

ples wors
Ash | 8102 | R:011| CnO MgO | FesOs

1. Preparstion (plant A)..} 83,61 37.0 10.8 07| %8 L8] .
2. Preparation (plant ). .81 a8 171 L3 3T 16.2-; Near willower,
3. Carding (plant A...... 85,2 3.4 11.8 Ls| ave| w1 Topaofenrd hoods.
3. Carsting (plant By ...} R2.8 an.3 | 1.3 1.2] .39 (X" Do,
s, Carding (plant B)...... 0.6 | 333 9.3 .51 3LS 8.5 | Dottomn of cards.
8. .\Iﬁl)e spinning (piant | 81.2} 3.1 4.1 9| 323] 1.2
7. Weaving (plant A).....} 813 35.4| 109 1.0{ 3.0 8.7 | Tape weaving loon.
8. Wenving (plant B ... 54.5| 2.2 5.8 L2l 208 4.8 1 Wet weaving.
o, Weaving (plant By__..] 5.3 3.0} 110 REEE X 7.8 Retween ercel cracks.
10. Weaving (plant ... 28| 3201 109 L] =48 7.7 1 Onl-heam.
11. Brake-lining grinding | 23.2 46.2 8.1 L9 4.2 5.6 . Garnet and metal scparated

(plant C). I with bromoforia.

©
.
-
-
©°
»
Y
«
=~
%)

12. Dust from cyclone con- | 81.8 10.6 ; Mostly card room dust.
nected  to  exhnust

system (plant B).

t Cornbined oxides.

TABLE 3.—Chemical analyscs of suspended dnst samples collected in an asbesion
textile pland

R Average chemical compusition of samples
Department in which (@ %) Remarks
samples were collected A
Ash | 8103 | RiOs?} CaO MgO | FaaOa
13. Preparatiofi......ea.- .l sns] 354} 93 1.2] 34.9] 8.8 Genernl air sampie, L-‘j
14, Carding._..ciovecconeen 3.7 3.8 9.5 1.0 8.0 43! Jo. o
15, Maule spinning..coceeaee 83,81 33.0] 168.4 9| 343 7.1 | Between 2 mule spinners. i
16, Iting spinnink.....cccee 52| R2 9.3 .81 3.6 7.0 Near ring spinning machines. -
17. Dry weaving 1. .51 3.7 8.9 4 343 .0 i Broadcioth wesving.
IN. Wet weaviog ? 71.81 3.9 8.7 D) ¢ 6.7 Do.
1. Twinting t.. 59 3z | 1.4 .81 32.1 8.3 | Near twisting machines. :
.. Spoolingt.. 81.2] 37| 120 9] 38 ¥.6 ; Neur sponiiog machines, .
21, Windiog?.. 6.5 .6 8.9 7| e a6 | Near w iuding machines,
1 Combined oxides. .
1 Opeeations conducted In same room. Al e

The losses on ignition of all samples analyzed are due to the presence
of cotton fiber and moisture. The 30.5 percent loss on ignition of
sample 21 in table 3 is probably due to the presence of cotton fibers.

In passing, it may be pointed out that no carbonate of the order
reported by IHurlibut and Villiams was found in any of the samples
analyzed (6).
No quartz was found in any of the samples examined petrographi-
. cally.

i ' The consistency of the results indicated in tables 2 and 3 is more
remarkable when the physical characteristics of the dusts are taken
into consideration. Figure 13 illustrates the gross appearance of the
dust samples teken with the vacuum cleaner device above mentioned.
such sumple shown in the figure represents two grams of dust.  There

" are Tonspicuous differences among the snmples, both in color and bulk.
Prepuration and  carding produce granular materinl.  Weaving
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sumples, on the other hand, are bulky, the dilference probably iwing
: dute to the presence of long usbestos and cotton fibers in these samples.
Carding und preparation samples contain cobs which are present in
the raw ushestos.  The darker uppearance of the samples shown in the
top row of figure 13 is diflicule to explain. It is probably due to the ’

5 K il

PP R0 N &y ¢ b s AN 3 .

RING SPINNING

N

| )

FE
AL
Dl A

A ey u."" \*3 o NE AP
- . B ,-"r .‘: i % o P, g :.. L% ._ - If',' h e i N
WA Fpavae s ;-~-'35£‘i/£.'"’- 43"' ClpAr Y
: "'f-“-&' ol ‘X“v?:ﬁ | = JHi _”'H“ & Jj bNESRY g
TWISTING DRY WEAVING WET WEAVIN

FIGURE 14.—MICROSCOPIC APPEARANCE OF SUSPENDED DUST COLLECTED WITH
‘i VA_CUUM CLEANER DEVICE. 200X.

contact of the spun asbestos-cotton mixture with oily metal surfaces.

The microscopic appearance of the vacuum cleaner samples is .
illustrated in figure 14, The presenco of hoth cotton utdl ushestos -
fibers und of small particulate matter is readily noted. The dust from
the carding room is most striking. 1t has few fibers and it has
considerable particulate matter.

!
t
i
i
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hath ashestos and cotton fibers,

Particle 2ize.—The mensurement of dust partic
nir of ashestos textile plants is diflicult hee

‘\‘

les suspended in the
uuse of the presence of
The differentintion of these fibers

! under the microscope is not always possible, especinlly when the

fibers are short and fine.
jet apparatus were examined with a

attachment to a
(3) by means of photomicrographs.
(irrespective of whether they
table 4.

information can be given,
particles, the selectivity
are the same (2).

These are based on Owens sam
samples. With regard to the selectivity

microscope (using oil immersion,

Severnl samples obtained with the Owens
petrographic microscope in order
to estimate the proportion of ashestos and cotton fibers, but no satis-
factory technique could be developed for this pur
purticle size determinations based on Ower
three methods: (1) cuscope projection de

pose. In this study,
18 jet snmples were made by
vice; (2) a filar micrometer
1,000X¢), and

Data obtained with the cuscope showing the percentage of fibers
are cotton or ashestos) are presented in
ples and not on impinger

of the device used, little

although it is known that for discrote
of the Owens apparatus and the impinger

TaBLE 4.—Relation of Jfibers o particles in various Owens Jet samples

Activity

Numbher of
Fibers
counted

Number of

Particies
counted

Total
count

Percent
fihers

Weaving !
Weaving ?.... ..
Picking ...
Carding ), _
Twisting 1.
Twisting VoI

Crushing 2.

318
24
303
318
29

240
w7

o on 0o d3 B

! Plant B.
tPlant A,

The results given i
the hhehes centace of fibers.
warp threads fray

s the shuttle crosses them.
near the pickers and earders have fow
which crushermen are exposed have the least proportion of fibers,

The relatively low percentage of fibers in suspended dust explains

indjcate that wenvers are exposed ta
This is to be expected because the
Samples collected
er fibers, while the dusts to

i the small number of fibers observed while making dust counts of

impinger samples.
particles per quarter fickl.

in making counts of other

Table

$8162— 18—y

E e T s 2 TSR N T i ith s g se—————— =
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The latter were usually

diluted to give 20 to 50
Henee, except for weaver's snmples in
whiclr considerable fibers were observed, fibers are only rarely found
samples.  (Dust counts included both
fibrous and nonfibrous particles, irrespective of size.)
5 illustrates the size range of particulute matter.
hundred purticles in each sample have been measured by

Two

means of the
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filar micrometer. As may be seen, the medinn size varies from 1.22
microns to twice this value. Fulton and his coworkers used - an
clectrostutic precipitator to colleet dust snmples and ealenlated an
average value for the total distribution of fibrous and nonfibrous of
1.33 microns (4).  The median size for particles less than 5 microns,
as dedueed from data given by these investigntors, is npproximately
0.47 microns, which is mueh Jower than the values given in table 5
of this report.  This dilference ean probably be attributed largely
to the type of sumpling devices used in the two investigations.

TasLe 5.—Size frequency distribution of particulate dust suspended in the air of
asheslos (extile plants

Percentage frequency of ench particie size group
Qen- (in microns)
Nature of process where }{ "‘(“-"' 'rm‘llric|
sampie was tnken size (in |standarn
micronati devia- | 0 j0.S| 1 11.5] 2 1281 3 133! ¢ |45 8 .
tion tojtoitajtoltoltolin|tojtofta]| or | Total
0.49 0.00, 1. 10 I.|O'Ji 2.49° 2.99. 3.49, 3.00{ 4.49) 4.9 more
Preparation . 1.88 Lsal 3i20ya|2lw)]| 4f 2] 1] ol o 0 10
Carding..... 1.33 L&7 1 Q1241251 0| 18] 4 L) 1 3 3 100
Mule spinning. . 1.80 L33t 0 1| asf{aN|m) 4] 1 1t 1y o 1 100
wisting. ............ - 1.22 L.74 5:30 24| 14 L] 3 4 5! 0 i 3 100
Weaving (broadeloth)...... 1.8 1.3 1 414327110 3} 2 3 41 0 3 100
Weaving (tape)............ 2 40 Lead O 3 f2ef 1412 T133) 7} 3 (] 100

In determining the length of fibers present in Owens samples,
photomicrographs were used. It was necessary to use this method
of measurtment because of the curvature and matting of fibers in the
microscopic field. This difficulty was overcome by using compass
pointers and measuring each fiber visible across a given section of the
photomicrograph. The size distribution of fibers, classified by occu-
pation, is presented in table 6. The fibers range from as little as 2
microns (430X magnification) to as high as 400 microns. The median
sizes, as may be seen by reference to the table, range from 7 to 16.3.
Fulton's data indicates (assuming all particles greater than 5 microns
to be fibers) a median size of 15 microns.

TABLE 6.—Median length of fibers aampled with an Owens Jel apparatus

Modian

Activity - eee o

microns

Willowing. 7.0
Pleking. ... 9.5
Canding.... 8.3
Twisting.__........... 128
Weaving (brondloom). . ... 1.3

No size frequency distribution with regard to the width of fibers
present in the wir has been made in this study.  However, it has been
noted, with few exceptions, that the width of fibers collected by the

R AN
w0

.

Tmenrie,
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Owens jet apparatus was less than 0.5 micron.  This is in ngreement
. ' with the results given by Fulton, who shows more than 78 pereent of
the fibers measured by his projection method to be less than this size.

DUKT CONCENTRATION IN DIFFERENT OCCUPATIONS

In earlier studies of the dusty trades carried on by the Public
Health Service, determinations of the avernge dust concentration
have heen of great value (1) in deseribing the working environment,.
(2) in making comparisons of the effectiveness of different methods
of dust control, and (3) in relating health conditions to dust exposure. .
In this study 242 impinger samples were taken and counted, and the
results have been classified by occupation in tables 8 to 18.  Each of
the occupations carried on in ashestos textile factories has been dis-
cussed separately in the following seetion and data for the entire
“industry have been brought together in table 19. In this industry
there are relatively fow occupations in which workers do two or more
kinds of work which expose them to totally different dust concentra- _
tions. In such cases the several exposures have been weighted ac- .
cording to the avernge time of exposure.
For example, in plant A, willowers are engnged in the following
activities: willowing, 5 hours; picking, 1} hours; storage-room work, -
1% hours. These activities nre associated with cxposures of 2.3, 36.3,
and 16.4 millions of particles per cubic foot, respectively. IHence,
we may tabulate exposures as follows and calculate a weighted

average:
TABLE 7.— Dual exposure of willower, plant A
P
9 Time of ox- -{ Millions of
posure Average dust particte-
Activity (hours per exposiire hours per
y day) (MPPCF) | cubic foot
. b aexbd
Wilowing.coeuceonaeeccncne ] 23 11.8
PICKING. ccceeiacaeioconconas 133 36.3 4.4
Storage-room work ... . 1 18.4 24.6
Totsl....c...c... [ I . aeoracen $
0.3 mitlion particle-hours pre cublc foot | 11.3 million particles per cubie font ,'
8 hours K

The average dust count of the 10 samples in the above table, caleu-
lnted without regard to the duraticn of exposure, would be 18.7
i million particles per cubic foot. .

Preparation—Preparation includes the occupations of crushermen,
willowers, and pickermen. In plant B, these three occupations were
conducted in the same room, while in plant A only ecrushers and wil-
lowers worked together. Picking (including piling), in the latter
I plant, was done in a separate room. The dust exposures are indi-

" ented in table S. ’
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Tanwy: 8.~ Dual cxposure of workera in the preparation depariment

¥ Number of | Dust concen.
Occupation samples tration
fuken (MPPCY)

Crushermen............. 0

! 22485
Willowees s, . 20 11 1-38.0
Pickerment............. 10 34.3-74.3

t Weighted average.

It will be noted in table 8 that the crushermen’s exposure is relatively
low. In the plants studied, this work was carried on near an open
door. ITowever, it is doubtful that this occupation generates the
quantity of dust shown in the above table. It is more than likely that
willowing and picking (and even carding) contribute to the dust ex-
posure of crushermen.

Willowing of crushed asbestos is not in itself productive of much dust
(11.1 million particles per cubic foot). Only when waste roving and fly
fromcyclone collectorsare willowed does the dust count increase. Dust
counts as high as 99 million particles per cubic foot have been obtained
with fly. A continuous source of dust production results from the
manner in which willowing machines are fed. The material to be
willowed is raised waist high by pitchfork, causing considerable spilling.
Willowers also operate shaker screens.

.A pickerman perforns severnl kinds of work. This is especially
true in plant B, where pickermen not only assist in piling (mixing
of cotton and nshestos), but also aid in stacking the material blown
from the picker machine into storage bins. This last-mentioned
activity produces dust concentrations runging as high as 211 million
particles per cubic foot. Pickermen usually work in pairs and alter-
nate in feeding the picker machine and tending to the stornge bins,
Piling is done by both workers together and contributes to dust counts
averaging 16.2 million particles.

Picker machines, like willowers, are fed by pitchfork, a method
which produces undesirable dust. This is true even where picker ma-
chines have hooded feeder boxes. - :

The picker mnchines studied were cquipped with oil sprays, pre-
sumably to hold down dust. The ineffectiveness of this method of
dust control is shown by the dust counts which c\coml 50 miillion par-
ticles per cubic foot of air.

Carding.—The brushing and combing of ashestos and cotton fiber
mixtures by carding machines creates considerable dust. The
carding nction is such that small cobs and fine tale adherent to the
ashestos liber are thrown into the air.  This effeet is necentunted by
the fnn action of the brushes.  The granulue and nonfibrous appear-
anee of the dust present in the air of earding rooms has been shown in
figure 10,
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The exposure of workers in earding rooms is eriven in table 9.
s

TABLE 0.—Dusl cxposure of workers in carding department

o —— i + - e ot - —

Number of ] Dust con-
Occupation ramples | centention
taken (MPI'CF)

Carders and tenders ... .. . 2.1
Blockmen l....ooeaiaenen 1 n9

1 Weighted avernge,

The avernge dust concentrations in both plants A and B were
cimilar. Counts as low as 6.4 million particles per cubic foot were
obtained for some carding operations where machines were operated
at a relatively low speed and as high as 139 million particles for high-
speed operations.

In the two plants studied which carded asbestos-cotton mixtures,
all equipment was hooded and exhausted. Under the methods of
operation, which required accessibility- to the machines, complete
enclosure was impossible. Consequently, exposed brushes, revolving
- at high specds, often nullified the effect of the control system. Nor
could nir flows in the exhaust system be increased since a considerable
amount of valuable fiber would be drawn from the brushes and this
would reduce the weight of roving to an undesirable extent.

Spinning.—Both mule spinners and ring spinners are exposed to
similar dust concentrations. The range shown in the following table
(table 10) for each occupation is probably due to the presence of more
spinning and weaving equipment where the dust concentration is
higher. :

TasLe 10.—Dust ezposure of workers in mule- and ring-spinning dcparimenis

Number of | Dust con-
Occupation - samples | centration
taken (MI'PCF)

Mule $piDNINR. ccoaenceeeen 15 2.6-2.9
Ring spianing........... .- 13 3.2-83

ally separated from other activities. On the other hand, ring spinning
is done in close proximity to spooling and twisting and it is possible
that the dust counts are influenced by these operations. The results
obtained for mule spinning check with those given by Fulton and his
coworkers (4). . ]

'%Spooling, twisting, and winding.—The equipment for these opera-

=fions is generally grouped together and therefore it is diflicult to
Z5btain a clear-cut estimate of the amount of dust produced by each.

Mule-spinning operations require considerable space and are gener- -
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The avernge range of dust concentrations in plants A and B are shown
in the nccompanying table (table ). '

TasLe 11.- -Dust exposure of workers in apoaling, Licisling, and winding deparlments

———— - —

\ .\'un;herl | : .\‘mnlwr! st enne
(11

Occupmtion (‘l::lll\:l‘;'l‘“n i Occupation ’ " centration
| samples AV : samples ek
| “tuken CPPCP | . Miaken | MTECH

i
:_pmle .................... 3 32131 Roving winders | (X}
wixters nnd heipers. ... b} 3.2-14.2 ;. Yarn packers.. 2 1.2
Ualversal winders.......... 5 1.2- 8.0 ‘ . Y'arn treuters. 3 1.7-3.8

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
coneentrations of over 20 million particles per cubic foot of air, yet
counts below 10 million particles were not uncomtnon. Twisting
involves n considerable amount of fraying und when low-grade
materinls are used, the dust production is incrensed.

Winders und yarn packers are exposed to lower dust concentra-
tions than spoolers and twisters. Here ngain, however, beenuse of
the proximity of the latter dust-producing occupations, the nmount
of dust actually generated cunnot be estimated. It is hard to con-
ceive of such operations as roving winding and yarn packing producing
much dust.

Broadcloth wearing.—The dust created during the weaving of
brondcloth depends upon the number of warp threads per unit of
width, the quality and width of the material woven, and on whether
the operations aure conducted dry or wet. If the warp threads are
close, the fraying action which tukes place during weaving produces
a considernble amount of dust. With some looms the dust concen-
tration was found to exceed 140 million particles per cubic foot.

" Average dust counts obtained during weaving operations are shown

in table 12.

TaBLE 12.—Dusl exposure of workers associated with broadcloth weaving

Numberofl! Dust con-
Occupation samples | centration
taken (MPPCF)

\\’n‘\;ns and helpers:

| ¢ DT ” 4.7-10.7
Wet....o.onnnee b 4. 7=t 1
Creelers anl helpers 4 1.6- 0.8
Inspectars and enlenderers..... 3 3.6-10. 8
Copwinders. ......ocomeennace: [ ] 3880

Weaving operntions are intermittent owing to frequent bhreakage
of warp threwds. Consequently, workers are exposed to alternate
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periods of high und low dust concentration. On the other hand,
wenvers must pay close attention to work and are subjected to heavy
exposures while the looms are in operation. S

The dust counts shown in table 12 for wenvers and helpers illus-
trnte the differences hetween dey and wet weaving, Both dry and
‘wet weaving are carricd out on similar Jooms in-close proximity.
However, operators are interchangeable and are not specifieally
designated as dry or wet weavers.  Under such conditions, it is im-
possible to gauge the actual exposure of a weaver.  The low count
of 4.7 million particles per cubic foot given in table 12 for both dry
and wet weaving is for a smnll plant with one dry and one wet loom
in operation side by side. The higher counts are for a larger plant
manufacturing all types of broadeloth and at the time of the survey
having from 8 to 12 looms in operation.
~In view of the high counts obtained during broadeloth weaving, it
would be expected that ereelers are exposed to comparable concentra-
tions. That this is not the ease, however, is indicated in table 12.
\With all looms in operation, as is frequently the case, the counts
might conceivably be higher. The same is also true of inspectors,
calenderers, and cop winders who work in the weaving department.
"These occupations do not produce large amounts of dust.

Tape, wick, and brake-band wearing.—The dust exposures for tape, 3
wick, and brake-band weavers are indicated in table 13. ‘

TasLE 13.—Dust exposure of workers aseocialed with lape, wick, ard brake-band

weaving
Number of | Dust con- . ) .,-ir - ol

Occupation samples | centration . R Coe
taken (NIPPCF) .

Wenvers (tape and wick).. 12 24- A1 -
Weavers (brake band) .. ... 14 4.7-21.0
Creelers. .. ccacvacnccnnenes 3 24203
Calenderers_ .. . .cceeen.e. 1 36

It may be seen from this table that tape, wick, and brake-lining
weavers are exposed to lower dust concentrations than broadcloth
wenvers. Excepting certain types of brake bands, the fraying of the
warp threads during weaving is not as great as in broadcloth weaving.
However, with heavy brake bands, such as are used on trucks and R
hoisting machinery, the dust concentrations become high and com- R
parable to those obtained in broadeloth weaving. It is in the manu-
fucture of such brake bands that creelers are exposed to counts of
20.3 millions of particles per cubic foot of nir. Calenderers, being at
some distance from the looms, have a low exposure. Thé dust counts
obtained for the type of weaving here discussed were consistent in all
four plants studied.

. - ¢ ————r - .
R N
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Cord, rope, and braid working.—Other activities found in the
ashestos textiles plants are concerned with the mannfucture of special
products, such as cord, rope, and braid, and in treating and finishing
yarn.  These operations produce little dust as vy be scen by
reference to table 14, ' ‘

TABLE 14.—Dust exposure of workers manufacturing and JSinishing special
products .

Number of | Dust enn-.
Occtipation simples | ernteation
taken (MPPCF)

Cord, rope, and brall workers. 3 1.2-10.2
Yarntreaters. ..o ooooenooo.. ... 3 L7-38

The equipment used in manufacturing these products does not
operate continuously. None of the operations of cord making, rope
making, 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 yarn treaters are
influenced by the operations undertaken nearby. "

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

TABLE 15.—Dust czposure of workers manufacturing finished brake-band lining

Number | Dust con- Number | Dust con-

Oeccupation of samples) eentration Ocetpation of samples| conteation

taken | (MPPCF) .taken |[(MPPCF)
Treaters and driers......... 1 1.8 I Cutters and detllers. ... ] 1.8
Calenderers... 1 1.5 TANACTS. oo eanne. .. 1 LS
Grinder. ..... 1 4.2 Coilers. . _.oooeeee. 1 LS

Workers employed in the occupations listed in this table are exposed
to dust which differs in composition from the dust found elsewhere in )
asbestos textile plants. This is because the dust generated by By
grinders, cutters, and drillers of treated stock js made up of resin,
asphaltum, asbestos, and metal. (See analytical results for sample
11, table 2.)
Miscellaneous occupations.—In addition to the groups directly
i concerned with the manufacture of textiles, a considernble number of
workers (engineers, general lnborers, clerks, and supesintendents) are
engnged in other activities. With the exception of certain foremen,
these workers are exposed to low dust concentrations. The data
. presented in table 16 require no comment.

a4t
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‘ ' Tanre 16.-Dust exponure of mircellancons groups

I e e ———— e —— — e

Number
. . L Oeervpmtion ‘“"""'M rl‘::::u?i'a'n‘; Oceupation
ka1 (reeE) :

Dust enne
centration
smples 4
taken | (MPICF)

Number
of

1.2 I Yardmen._, .. 2 010

Foremen (plann) ., . m - (")

L2 Kuperintendents .. 2 A2
A2 ClerkS e e racaan. : 2 .12

T Reimers. oo L e
[IRLETTE . S
Watehmen. ..
stupping cherks (... L

bl d “ TN ]
£
1

3 Samples and exposures depend on the sctivities with which they nee associated.

' : PREVIOUS DUST EXPOSURE

The dust concentrations discussed in the preceding paragraphs
represent present-day conditions.  The officinls of ashestos textile
plants have in recent years attempted to control the dust hazard.
In the plants studied, efforts have been made to cxhaust picking,
carding, and brake-band grinding machines. (Another plant, which
will be discussed later, has extended the use of control equipment to
nearly every dusty operation concerned with the manufacture of
nshestos textiles.) A knowledge of the exposure of workers prior
to the introduction of control equipment is important in correlating
clinieal findings with dust exposure.

In order to estimate past exposure, the air flow through various
hoods attached to carding machines in plant A was shut off for 2
hours.  Dust was allowed to accumulate for 1 hour prior to sampling.
The dust thus generated caused much inconvenience to employees in
the course of their work. For this reason, permission to shut off
exhaust equipment was not granted in other plants studied. Carding
machines are sensitive to slight air movements and are consequently
difficult to regulate. Once they have been ndjusted, any external
disturbance affeets the weight of the roving produced.

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

TARLE 17.—Dusl counts when control measures are vsed and when they are not in use

*

]

Average | Dust con- Avern Dust cvn. -
dust centra- dust centra-

Occupation eount — tion— Occupation eount — tion—

nst "t e wesent
o¥ren | ATFeh wiFren [ FFRCE)

o
e
X

W ey

Cohermen. ............. 50.2 3

. Willowers...... 50.2 1L 1 || Ring spinners. twisters,

. Pickermen.... - a0 Hi sponlers, and winders. .
Carders.aeoaea..... vencen 73 2.1 Weavers........ccccauan..

up B
ol »

Muolespinners. ...,

-
~p P
1 X

The low counts obtained for the accupations listed below carders is
due to a partition which separates them from the carding machines,
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Mule spinners are located immediately bevend this partition, and
the dust count shown is due to dust which has passed through an
open door. _ '

Three dust samples obtained in the earding room 1 hour after the
exhaust fans were shut oflf gave counts of 77, 73, and 78 million
purticles per cubic foot. .\t the end of 2 hours a sumple taken in the
same room gave a count of 61 million particles. -

No major changes have been made in plants C and D since the
start of operations. The dust counts made are essentinlly the same

‘a8 those which have always existed. On the other hand, no data

are available for past exposures in plant B. This failure can be
attributed to several factors, but principally to the gradual expansion
of the plant with the growth of the industry, which increased the
amount of equipment, and the changes made in recent vears with the
exhaust system.. The first of these factors appenrs to have affected
all operations conducted in the plant, while the latter is restricted to
the carding and preparation departments. In addition, it may be
pointed out that plant expansion has tended to increase dust produc-
tivity, while the introduction of exhaust systems has reduced it.
Hence, it may be assumed that the exposures of nll occupations in
plant B following carding were probably higher during the study
than prior to expansion. 1t must also be remembered that moro
men have been working sinee the introduction of added cquipment
than at previous times.

INTERPPRETATION OF DUST COUNTS

The average dust coneentrations just discussed make a satisfactory
measure of dust exposure for most purposes. In correlating medical
findings with dust exposure, however, it is frequently advantageous
to express the dust exposure in units which combine durntion of
exposure with avernge dust concentration.  An ensily ealeulated
descriptive value was developed during statistical annlysis of the
results of an engineering and medical study of anthraco-silicosis (51).
If a worker’s dust exposure has been unchanged for all practical
purposes during his period of employment the average dust count
(in million particles per cubic foot) is multiplied by the duration of
exposure in years. The product is used ns a numericul measure of
his total dust exposure.  If o worker has changed his occupation (and
in so doing has changed his dust exposure appreciubly) a calculation
such as the one shown in table 18 is made.

—~— -
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TanLe 1R —Erample showing the methend of computing the dust exposure of aslestng
: textile workera !

Millions of

Number of At
Qcenpmtion of worker | yones in :'\'l"l'.f.':'.';'; ""IT" ':."3':-"
{

. orcupation wt of air

y 3 2.3 2109
2 8.1 .2
2 2.6 LS
T joeevencoanas 240.3

t Plant A
1 Prior to installation of exhauxt xystem,

203 mitlions of particle-years per cuhie foot
7 years

Weighted dust exposure= = 10 million particles per cubie foot

The worker whose dust exposure has been caleulated in table 18 would bhe
assigned a value of 280 million particle-years in tabulations in which, for the sake
of ximplicity, it was desirable to have a one-term measure of dust exposure; table
42, for example.  When average dust concentration and duration of exposure are
to he tabulated separately, as in table 43, the individual deseribed in table 18
would be assigned a dust coucentration of 40 miilion particles per cubic foot.

THE CONTROL OF ASBESTOS DUST

The control of dust in industry often entails many practical difli-
cultics. These difficulties pertain chiefly to the handicaps imposed
by control equipment upon the performance of the work being done,
and in estimating n priori the air volumes required. Both of these
diffienltics are inherent in the ashestos industry. The arrangement
necessary for removing dust from earding machines and from looms,
which demand accessibility to all parts, is self-evident. Added to
this requirement is the limited information available with regard to
suitable design of equipment for each dust-producing source and the
requisite nir volumes.  The latter item is most important in the design
of howds for earding machines, innsmuch as air velocities must be kept
relatively low in order to prevent the asbestos-cotton mixtures from
heing subjected to air currents which convey them to the exhaust
svstem. At the snme time, however, the velocities chosen must be
adequate to mmintain the dust below the safe or threshold limit.
.} The dust-control data contained in the following paragraphs are

. hased on obscrvations made in two plants included in the present
~tudy nnd on data obtained clsewhere by Assistant Public Health
Engineer Richard Page (7). The data presented include operations
. : for which control methods have been developed.  In addition, the
type of control equipment used in England is discussed, although no
alnes pertaining to air requirements are available in this instance.

PREPARATION DEPARTMENT

The dust counts presented entdier in this bulletin for the preparation
department apply to uncontrolled conditions. A very high degree

PRmE
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: ’ of control can, however, be effected under certain conditions, espe-
cinlly ns regards willowing (opening), piling operations, and picking.
The crushing machines in the plants studied were not exhausted or
segregated.  In England, on the other hand, it is customary to encloso
and segregate crushing equipment while it is in operation.

Willowing (opening).—Willowing machines are often productive of
high dust concentrations (36 MPPCF). As has been previously
mentioned, this dust is caused both by the manual methods used in
feeding these machines and by the action of the machines themselves.
Consequently, a reduction of dust concentration may be obtained by
using « conveyor feeder which eliminates raising materials to waist

o

RO

FIGURE 15.—EXHAUSTED PILING BINS. R -

levels with forks and using an exhaust above the feeder box and below
the machine housing. The willowed materinl should, of course, he
pneumatically conveyed to a suitable bin which is segregated from the
preparation room. '
i In the case of two machines equipped with exhaust, it was found
possible to reduce dust concentrations to 3.6 M PPCF. The exhaust
hoods located above the feeders drew 400 CIFM, while the downward
exhaust below the willower housing drew amounts of air ranging from
225 CFM to 600 CINI, the latter air flow being used on a fly willower.
(See fig. 4.) The air handled by the pneumatic conveyor was 1,800
CEFM. For the 11-inch dinmeter ducts used, this corresponds to an
I air velocity of 2,730 feet per minute.

tf
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machines.  The dust generated by

20 to 5.4 MPPCF,

to the mixture being made (fig. 16).

- " o

FIGURE 16.—EXHAUST VENTILATOR USED

Piling~DYiling operntions are usually condueted ¢

the type of exhaust shown in the figure.
cumbersome and to interfere with the
; Picking—The exhoust control usec

s, "a

e T
Yoay

lose to picking

his operation may bhe cffectively

controlled by using small exhnusted compartments ot hins,
ments construeted as shown in figure 1
1,025 CFM of air reduce the dust concentratjon from an average of

Compurt-
5 and handling approximately

English practice in piling consists in using exhaust manifolds elose

Air volumes are not available for

e Dt Sl

AR AT ] ‘.:"':.‘: Y.
) ""' :?:\7 :}?:“" “:‘“‘-" e
ot Bite )
3-‘-....,’.-‘.‘-.

A P DN
‘..':\,\':&'! .~:¢"‘.l

The method appears to be
pracess being carried on,
l on picker machines is partly

FOR PILING OPERATIONS (BRITISH

PRACTICE).

c shown in figure 17. One hood is connected at the feeder end and one
e at the discharge end.  The center portion of the picker is also exhausted
e (not shown in figure). With this type of arrangement the dust con-

instances 74 MPPCYL,

duets were approximately 12 inches

s - a— - - cnpa = b1
v ———— e ———— e e .
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centration avernges 6.7 MPPCF. This value js considerably lower
than found among uncontrolled cquipment which exceeds in many

It was found that hoods above the feeder handled 500 CFM; the
downward exhaust ut the center measured 1,620 CF
end the air flow was 450 CFM.  Pheunmtic conveyors attached to the
discharge end of some of the pickers handled 2,000 CIM.

M; at the discharge

These

in dinmeter, thus providing for

a conveying veloeity of 2,550 feot per minute.
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It is possible with speeinl conv
ashestos-cotton piles and the feeder

FIGURE 17.—SCHEMATIC DRAWING OF Ex-
HAUST SYSTEM USED WITH PICKER

MACHINE.

._\ .

cyor belts opernting between the
mixer that the dust concentrations

might be reduced below the
vilue of 6.4 MPPCFT, indicated
above. ' 4
CARDING

Two types of dust-control
equipment are nt present used
on earding machines. The first
type consists of a hood which is
loeated directly above the ex-
posed brushes of the mnchine
(fig. 18), while the second type
is totally cnclosed and ex-
hausted at various points (fig.
5). Studies made of the first

type of exhaust systems showed n reduction in dust concentration
ranging from 72.3 MPPCF when no ventilation was applied to 29.1

with ventilation. The air
flow for each hood averaged
870 CFM, which corre-
sponded to six air changes
per hour in the room in
which thecards werelocated.
It may be scen that the type
of hood and the air flow used
reduce the dust coneentrn-
tion to approximately one-
third the amount crented
without ventilation.

The sccond type of ex- -

haust system used proved
more cffective than the first
in reducing dustiness. The
dust concentration determ-
ined from numeroussamples
ranged from 1 to 3.9 million
particles per cubic foot.
This high' degree of dust
removal was aceomplished
with anarrangement similar
to that indieated in figures
19 and 20, In the primary

card, hoods a and b discharge npward,

bottom of the ecard,

FIGURE 18. -VERTICAL EXHAUST VENTILATION
APPLIED TO AN UNENCLOSED PRIMARY CARD-
ING MACHINE. .

| Bl 2> o 4 p  cmeptr v . o evrimea.

The duet ¢ exhnusts from the

The secondary or roving card is hooded at e

T e = o

—— o e
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pear the center of the machine.  The openings d, f and f7 are loeated
at the bottom of the eards and exhaust the bottom fly which.accumu-
lntes.  The air volumes exhausted by eneh opening are indieated in
the figure.

In addition to enreful enclosure of the machine proper in the second
type of system used, the feed box is earefully covered. ‘

FIGURE 19.—~TOTALLY ENCLOSED EXHAUSTED PRIMARY CARDING MACHINE.

The design of an exhaust system for carding machines is rendered
exceedingly difficult owing to the ease with which carding materianl
leaves the rolls. High air flows may seriously affect the quality of the

roving produced. Likewise, a poorly constructed housing may create

eddy currents which may prove

bothersome. Any system de-
velaped requires care and exper-

iment in design.

S8POOLING AND TWISTING

The dust gencrated by spool-
ing operations may bhe ingen-
iously controlled by a system
of cones in which the spools are
inserted and exhausted. Such
n system is shown in figure 21.

SPOOLING EXHAUST SYSTEM. Each ense is constructed so

as to offer & minimum amount

of interference to the work heing done.  In the ease of four Foster
winders (200 spools) eacly cone is 9 inches in diameter aeross its
widest part and 2 inehes at the duet conneetion.  The cones are
cach 10 inches deep.  Two hundred cones were fourd to handle an
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aggregate of 9,270 CEFNM or an average of 46.5 CEM per cone,  The
dust concentration avernged 2.9 MPPCE.  Without the cone system
discussed nbove, the dust concentration for the snme operation was
13.1 MPPCEF. '

Twisting machines are more diflicult to exhaust locally than
spoolers.  Figure 22 shows a system which has been partly completed.
It consists of cxhausting the lower scction of the twisting machine
by extending a duct with openings along the entire length of the
equipment. Each system attached to the machine is intended to

FIGURE 21.—EXHAUSTED SPOOLING FRAME.

exhaust 1,670 CFM.  Dust determinations 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 exhaust and the counts
obtained were affected by unexhausted machines operating close by.

WEAVING

Any system developed for removing dust generated by broad
looms represents the accomplishment of one of the most difficult
operations cncountered in the design of exhaust equipment. Never-
theless, this has heen done effectively both in this country and in
Engluind. The American system shown schematically in figures 23
and 24 consists of a downward-draft hood fitting close to the shuttle
rack of the loom and a movable upper exhaust hood which operntes
on the surface of the woven materinl.  The Intter hood is actuated
to and fro by the action of the loom luy to which it is attached.
The hood is connected to the main exhaust duct by means of a flexible

—— - D T T QU DI —
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air tight joint. Both the downward und upward exhaust hoods are
parrow and possess the ndvantage of high opening velocities.  The
upward-draflt hood connected o the loom lny is segmented.. Ench
hood used, ns indieated in figure 24, handles 1,300 cubic. feet of air
per minute and reduees the dust concentration to an average of 0.7
MPPCEF. The system -
i< thus extremely effee- ¥ po oy Y S
tive, since on uncon-
trolled looms the econ-
centration averages
19.7 and may exeeed
140 NIPPCF.

The English method

differs  considerably
from American prac-
the former
svstem all parts are
stationary  (fig. 25). ' 1 hdad L
The looms are ox- B! B Sl - B -, :?’t._; ¥y Vi
hausted upward hy ErregSoss '2 {5 II;T. o
hoods loeated in front 1 Y i gm 'ﬁ""”.,‘,
of the operator and .
resting a short (dis-
tance away from the
lny. The hood con-
sists of two parts which
may bhe turned back
whenever. repsirs to
the loom are neces-
“arv.  No data as re-
wards air volumes used ,
in tllnis type of equipment or its effectivencss in reducing dust are
available.

FIGURE 22.—EXHAUSTED TWISTING FRAME.

INSPECTION

In some plants, ashestos cloths are brushed during inspection.
The usual procedure consists in brushing the cloth from above and
helow as it passes over the inspection table. An inspection table of
this type with exhaust hoods is shown in figure 26. The hoods used
ure located near the cloth brushes, and extends the full width of the
eloth exnmined. They are, however, only one-half inch in width,

_ A study made of an inspection tuble such as discussed nbove

ndicated that twe hoods loeated on cither side of the cloth handled

tpproximately 730 CFM ench. A third brush and hood located near
L1 [ B
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the juck spool at the end ot the inspeetion table handled 192 CIM.
These hoods redneed the dust generated from a value of 11.1 when no
ventilution was applied to a value of 0.5 MPPCE with ventilation.
SUMMARY OF THFE. §TUDY OF THE WORKING ENVIRONMENT
The engincering data contained in this report nre based chielly
on a study of four ashestos plants. Data on dust control methods

¢
»
b4
13

gty

Eé" .
= . FIGURE 23. —EXHAUSTED BROAGCLOTH LOOM.
lave been secured in the course of a separate study undertaken in n
- fitth plant. Two of the four plants investigated were engaged in
[ - the manufacture of asbestos textiles directly from mw crysotile
% (Canndian) nsbestos received in 100-pound bags.  The renmining two
plants began operations with yarn received from other sources and
were concerned only with the nanufuacture of nshestos, tape, braid,
or brake banding and with their trentment.
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f Dust concentrations were determined by means of the impinger
‘ technigue using light field counting.  In all, 242 impinger samples
: were tuken 8o ag to evalunte the environment of each occupation,
i
)
1
FIGURE 24.—DETAIL OF EXHAUSTED LOOM FIGURE 25.—DETAIL OF
SHOWN IN FIGURE 23, EXHAUST USED ON.
BRITISH TYPE LOOM,
The number of workers employed, the number of dust samples taken,
»nd the dust concentrations determined for each occupation are
wresented in table 18. The concentrations range from values of 0.86
i
i -
'l'
4
{
.'i
b
AL
5
B 4
n
) ._ FIGURE 26.—EXHAUSTED BRUSHING AND INSPECTION TABLE.
- .i
1 . . - . .
§ for shippers to as high as 74.3 MPPCF for pickermen.  Ocensional
Mt . - .
y samples exeeeding 100 MPPCF were found for the oceupations of
earding and weaving,
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TasLE 19.—0ccupalional dust exposnre of warkers in four nsbestus textile plants
. Number ol | Dust concen.
Numbernf|*
Activity and aceupation o ol sninples teating
y ™ workers | “ilen | (MBICE)
Prepamtion:
[0 R LT 1T T 9 9 2.3-4.5
Willowers s, . .- 7 4 31, 1-434.0
Pickermen ' ooaiaoo.. 9 2t 31.3-74.3
Canling: . '
Canderannd tenilers. . o ieiiiiiieraeaneeanee 42 38 2.1
. RT3 3 L ) 13 1 e
Ipionine: .
Mule spinnersand helpwes. ..o iiicenanaan.- 21 15 26-7.9
Ring spinnees and helpees. ... ...... teeeamceasmenas % 13 3.2-8.3
Spooling: Bpoolers. . ... eiiiiciiiiceaeaaaaaaas 2 (] 12-10.1
Twisting: Twistersand helpers. i iiireracnnne.. 43 0 1.2-13.2
Winding:
Universml winders. ... .... 2 3 1.2-8.0
Roving winders 2 1 A3
Ynen packers . . 13 2 1.2
B LL I (L 1T ¢ PN 12 3 1.7- 3.4
Cloth weaving: .
Weavers and helpers: » .
L (ST eae ceeecesuccmaneccencces 2 4.7-40.7
Wet.. ...l } 3 { b hER R
Inspectors and elened a 3 3.6-10.8
Creclers andd helpers. 10 4 3.6-9.8
Cop winders_____.... . 2 ] 1.6-8.0
Tape, wick, and hrake-bnned
Weavers (Iapr and WIeK) .. coceevnceeccerccacccnceaaranarancaes in 12 2451
Woenvers (heake-hand) ... ... ooneeninoeeiinecnccaccncacenncnns A 14 4.7-210
Creelern.......... eemencsnccasans ceeretesccsnatsccannecseasanen 8 3 24-20.3
CAlONUeTers . ..o reccccrccacccssnccmnasssasansccacnecs 3 1 3.4
Cornd, rope. aned braid workers. ... . it 8 1,3-10.2
Brake-band finishing: -
Treaters and driers ceme 3 9
Calenderers. .. oo ccceiccmeccccrccacaseecnnan eemaancen 1 1 1.3
Grinders.o........ 1 1 4.2
Catiers and drillers 8 1 1.8
Bmnders. 1 (9 LS
Collers............ . i " L§
-
Gencrul lnbor:
Fomtlnwers. .o iiiaccinnacas recsecncan denacecmsacacan 7 2 L2
Tabnrers (shippers, ete ). 14 2 .80
Watchmen. ... [] 1 1.2
Shipping clerkS.. oo erciccnrececene 7 1 A2
men..... . 2 0] 10
Superintendents (OMEe).........o.ionrnmeicacccrcascscccsane. a 2 .12
Foremen (DINt) ... icieieieicisccicansanesceacconsmcccnnas 19 |ecauacnen ue ™
TS e emeeecccamomarammameeammmnamennnan RN ] ® 12
TOAl. .. cciancciaeciecicctccacacssacncacucmsaancanans 481 b2 L N P,

1 Exposure weighted to take intn acenunt piling, breaking, snd storage hin activities.

1 Inclides exposure due to ojeeration of shaker screen.

3 Avemge inclhindes ot her snmples.

¢ Dust counts abtained from samples of other occupations having similnr dust exposure.
t Exposures sceoniling (o associated activitics,

The chemical and petrographic analyses of dust samples were
determined from both settled dust snmnples and samples obtained
dircetly from the air by means of a vacuum cleaner. No great dif-
ferences in composition were noted between corresponding samples
collected by these two methods. Total ash was approximately 77
percent for all the snmples.  No free siliea (quartz) could be found on
petrographic analysis. .

Particle size determinations of Owens jet snmples were made by
three methods, numely, (1) with a euscope projection deviee (for de-
termining the ratio of fiber to particulate matter), (2) by means of a
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filar micrometer attachment fo n microscope (for measuring the size of
particulate matter), and (3) with photomicrographs (for measuring
the length of fibers). This study showed that (he ratio of fihers to
portienlnte matter varied considernbly from a maximum of 26 per-
cent for weavers to o minimum of Y percent for erushermen. The
medinn particle size  (exclusive of fibers) wus approximately 1.8
microns.  The medinn fiber length varied from 7 to 16.3 microns. No
distinetion could he made between cotton and ashestos fibers, _

In most of the plants studied the control of the dust hazard was
limited almost entirely to provisions of exhaust systems for the earding
nchines.  Data, however, are available to indieate the effectiveness
with which the dust problem can be handled in an nshestos textile
plint.  An effective method employs the use of hoods and exhaust

equipment fitted ot ench dust-producing source. Data showing the

cffectiveness of exhaust cquipment is presented in table 20.

TanLe 20.—~Suwmmary of resnlis showing the cxposure of asbeston textile workers
under controlled and uncontrolled working conditions

Nr‘v’n!:r Volume of ])u:t c?n- hu'si :-:m-
of du centratinn ceniration
Equipment . connec- “:é‘;"\'{')'“ with exhaust | wivheit ex-
tions b (MPPCF) haust
Willowing (opening)........ooeo......._. cosnoan 12 625-1, 0nD 36 11.1-30.0
Mline d......... cenrcans 1 1,025 20 3.4
(l'k-k ,I'nz_ PRSI JoITTamreess e, g 2, ."u‘o 67 34.3-74.3
‘arding {(primary. 1,420
Carding (roving). . 4 1, 440 } 20 723
Spemling. ____..... Ly “M.5 29 111
Weaving (hroadioom). 2 1, 300 .7 4.7-40.7
Brusher calendierer_._ ... . 3 1.68%0 1.0 11.1
! Eqnipped with pnettmatic conveyor, h . i
? Fxhausted hin or compmrtment. =

4 Individual cone for each spool and connected to exhaust mapifold.

It is evident from the above table that the dust hazard in the
ashestos industry ean be greatly reduced. It is further clear that
the necessary control methads have been developed and are now in
use. With the exception of pickers who are exposed to concentrations
of 6.7 million particles per cubic foot under controlled conditions,
exposure in all other occupations can be kept below 5 million particles
per cubic foot. It is possible with improved methods of ventilntion
to reduce even the picker's exposure to less than the figure indicated.
The following recommendations are made:

1. Dust should be controlled at the point of origin by means of
local exhaust hoods so designed and operated that no dust is permitted
to reach the breathing zone of workers or to contaminate the general
air. Dust-removal devices, which are capable of redueing the dust
concentration to a level of 3 million particles per cubic foot or lower,
have been developed for all operntions in the nshestos textile industry

(7).
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2. Since material leaving picking machines is productive of con-
siderable dust, stornge rooms receiving such materinl should be ex-
hausted.  Workers who must enter such rooms while materind is being
blown should. be equipped with approved types of respivators,  No
material should be removed from storange rooms while thé picking
machine is in operntion.

3. Clean air should replace the dust-laden air removed by exhaust
systems attached to the equipment. This requires, in event of recir-
culation of air, that dust concentrations entering any room be kept at
levels comparable to that found in outdoor air.

4. Periodic studies of the condition of the working environment

appear necessary to determine whether the control methods adopted

arc constantly adequate. This requires that dust concentrations.be
determined for each operation.  Ventilation meusurements are equally
important. The work of inspection and review should be performed
by persons trained for such studies.
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STATISTICAL DESCRIPTION OF EMPLOYEES
OCCUPATIONAL 1ISTORIES

At the start of the medical examination the physicians questioned
each worker to obtain a complete record of all the jobs at which he
had worked. This information was recorded on the portion of the
physieal examination form reproduced in figure 27.  After the basic
census data (name, nge, sex, color, and marital status) had bheen
recorded the worker was nsked how old he was when he first began

CASE RECORD

Dete of birth
Name {Sarneme) {First Name)
Address
AQ¥erasoeammen B aeeaee COlOR. e ceeerne oo ROHR] BUOEE e eaecceeee ceveareee e M. 8 W, D. Sep.
Pt Addreos.
Age begea work Tears worbed Time Hle
OCCUPATIONAL MISTORY
YRARS H
seeniree e e | e miavenee .

Pres..
Prev.

-

-

- . .

- |

- ]

- ' -

. !

- I

- |

-
Total Years i

FIGURE 27.—FORM USED FOR RECORDING OCCUPATIONAL HISTORY,

industrinl work. This figure was subtracted from his present age,
and a line of questioning was begun to elicit information on the work
done in the intervening years.  No occupational history was regarded
ns complete until all of this time could be accounted for by definite
entries.  The job he held at the time of the study was entered on the
top line of the occupational history, together with the number of
years he had held it, the name of the department in. which he worked,
and any other pertinent data that coukl be obtained. Next, he was
asked what he had done previously, and again a complete entry was
made,  The name of the fuctory was entered for each period of em-
(35
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ployment in the ashestos textile industry,  After ench job had been
accounted for, the worker was asked what he had done before that.,.

If o mnn had worked in an industry in which workers are known to
he exposed to pncumoconiosis-producing dust, entries were made in
the Inst column to show what materials he handled and” whether or
not dust-control mensures were in use. Information on previous
cmployment in dusty trades is of paramount importance in o study
such ns this. Any cases of prolonged exposure to pneumoconiosis-
producing dust other than nshestos must be treated separately.

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

The importance of the occupational history in a study of this kind
can scarcely be overemphasized. It is the connecting link between
the engineering and medical studies. The correlations hetween
medical findings and dust exposure that adequate occupational his-
tories make possible provide menns for estimating the dust concentra-
tions to which workers may be exposed safely.

Ouly 23 persons reported previous employment in an industry in
which workers arc known to he exposed to pneumoconiosis-producing
dust. Such periods of employment usually were so short that no
deleterious effects would be expected. Twenty-onc persons had
normal lung-field markings. Only one of these 23 persons had
asbestosis at the time of this study, a man who had worked 3 years
in a foundry and 10 years in asbestos textile plants.

COMPARISON WITH OTHER INDUSTRIAL WORKERS

Five-sixths of the employees were native-born Americans of Anglo-
Saxon stock and the remainder were Negro males.

Before beginning work in asbestos textile factories, more than 200
of the 541 persons had worked at similar occupations in cotton or wool
textile plants. A large proportion of the cmployees had worked
on farms cither before beginning industrial work or in intervals be-
tween periods of industrial employment.

About 15 months before this study was begun, approximately 150
workers in these ashestos textile [nctories were replaced by workers
with little or no previous ashestos exposure.  Although an cffort was
made to examine as many as possible of these former workers, less
than half could be examined. Partly as a result of these personnel
changes, the group of employees examined in this study had an un-
ustally low average age. There was an abnormally lurge percentage
of workers with less than 5 years’ employment in the ashestos textile
industry and an abnormally small percentage of persons who had
worked 10 years or rore in this industry.
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Tanvk 21— Agr distribation of asheston workers
Number of workers ’
Axe . Total
White Winte Newro
maler frmnles thnlen
Tothl.oeen...... ceernaen rrvenrnanns ———— . am BT &4 841
Undler 20 yenrs. .. 4 12 2 2R
Mto 4 years._. .. ) 20 17 116
2310 20 Yenrs... - 88 2 24 17
ANtedd yenrs L LIIIIIITTTITIT s 16 12 7
MtnIPyema ... ... ~ 20 3 &7
DI NONPS e xn 7. -9 42
LB LR L Lt SRS " 4 3 21
Sto & yenrs 7 ] 3 10
AN o & years, 10 4 1 15
) to 64 years 2 0 ] 3
fStanh vears ... 1 0 0 1
ovenrsandover...._.............. 0 0 0 [}
Unknown e L TP PR 1 1 0 2
AVerage. ... 32.08 30.28 3244 |oeeennne ..
Standard deviation ... . [ 10 TTTTTT . 9w 0w L PO .
The low average age of this group of asbestos textile workers must
be kept in mind in making comparisons of health conditions in these
factories with health conditions in American industry in general.
TABLE 22.—Acerage age of white male indusirial workers
A Tenlth A Toaltn
v ] ealt vern| ealt
Industry Py Service - Industry e | Bervien
Bulletin Bulletin .
Ashestos testile............. N Glass... 3.3 162
Iron and steel..... 420 202 || Ges... 34.8 162
Granite cutting........._... 3.9 187 || Cigne. 4.2 162
Anthracite mines. . kX ] 22) || Cement.... 3.9 178
Fur cutting 39.2 24 1i Rubber........ &1 178
DPottery. . 30.1 118 || Chemieal...... -ee a1 162
Poxt office 3.8 162 {| Garment............... . s n
- Foundry........ 1.8 162
b
The average age of white male industrinl workers is less in the
asbestos textile factories studied than it is in 14 other industries in
which the Public Health Service has made similar studies. White
males employed in ashestos textile factories average 32.1 years, white ]
females 30.4 years, and Negro males 32.4 years of age.
. TABLE 23.—Length of em ployment in the asbestos textile snduslry
Years employed in asbestos textile Snd;:slty
. )
fex and ' Total Less 1010 | 1510 | 2010 | 2510
. o lo Uio
: thant |T1049ist09) 1 0 | WS | 25 | RS
L L T OSSR BT 3] .| n2 Ty e 2 1
- White mules. .............. Jd “ 1t 72 o 13 2 1
2 . White fenmies. 9 BT 19 s 19 13 s 0 0
= Newro malen. (2 IIIIIITIT 1 10 0 2 1 2 o °
RS
& - -

~
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Correspondingly, the avernge length of cployment in the ashesto.
textile industry is relatively short.  Ouly 18.8 pereent of the employees
have been employed in the ashestos textile industey more than tn
years. In the 13 industries ineluded in table 22 for which informating
on length of employment is readily available, only two industries have
as large a pereentage of employees who have worked less than 10 years,
This is partly accounted for by the fact that the nshestos textile
industry is of comparatively recent origin in this country. -Only one
of the plants studied had been in operation before 1920.

MEDICAL STUDY
PROCEDURE

A medical examination was made of each worker employed in the
asbestos textile factories of North Carolina during the winter of
1035-36. A group of former ashestos workers was also examined in
order to obtnin o complete sample of ashestos-exposed workers.
Office workers and other employees not exposed to nsbestos dust were
included in these examinations. They are classified as controls.
Included in this control group, which numbered 76 persons, were 27
persons secking employment in the asbestos industry for the first
time. '

Before making any medical examinations the two physicians made
an inspection tour of ¢ach factory in which this study was made in
order to familiarize themselves with the various jobs or occupations
involved in the manufacturing process. This is a necessary pre-
requisite for taking a usable occupational history.

Space for examination and fluoroscopic rooms and lahoratory was obtained at a
location as convenient ns possibie for all concerned.  An improvised darkroom was
used for fluoroscopy and for processing the X-ray films. Inan adjoining room, the
medical examinations were made by two physiciaus approsimately according to
the following schedule: Four persons at 0 a. m.; four at 10:30a. m.; four at 1 p. .}
four at 2 p. m.; and four at 3 p. . In other wortds, about 30 minutes were re-
quircd per examination. The routine used in the study of pulimonary tuberculosis
was followed in the examination of the chest. After the history and physical
findings had been recorded, the group of four was fluoroscoped and chest roentgeno-
grams wero taken, A few cxaminations were made in the evening, and other
adjustments were made in the schedule so as not to interfere too scriously with the
work routine of the cmployces.

At plant A, the urine of workers was examined with particular attention to
amount of silica exeretion. In addition to this metabolie study, routine examina-
tions were made of the sputum of workers in plants B and C for prescunce of acid-
fast bacilli and asbestosin bodies.

Sections of the physical examination form used in this study have
been reproduced in several places in this bulletin as a means of indicat-
ing the informution that was collected.
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PAST MEDICAL HISTORY
Kach person wns questioned in order to find out whether he had
proviously hud certin dizenses which are of importance in the study
of chest disenses,
PAMILY AND PAST MEDICAL HISTORY (inssar Dare wean Posvive)
Pamily Metory of T. B..
; E T B
Tuberesl T Pleerisy Dry Wet B8 ececcnnens
Hemoptysi Dawse..... Ameunt Asthe, TR [ S—
Pa A Eumy Breachi [ PR 1 S e
Tty 1a Bd...oe...... ... vae Move colds I8 reosnt PORIS..ccccancacomaranan
& Bead coeeene- v——ee ‘
. Aversge number of solds yoarly...oeo-- Deratl Sovert
l Toasillitis Previess iaf
Op Heart Di
fre sbe FPaver Seariet Fever Hyp
‘atL e &
[ 9 A . - Nervous systom
R Prerssac
t Other verions illnesses or
PRESENT MEALTH . .
Congh Row long Tyve Whea werss.
' Produstive Pr— P . Oder.
A 18 Die Bewela Zéema ———re
1
Strengih and energy - Rernle
Weight: Blationary.c.oooc.oceee P GCained . . How Weag
, Other _—
Progress of STMPOMS cceeeecnnnnonconcoas
‘ HABITS
Aloshet . Steeping
Tob ceeoee.Datiag ... -
"-'GTBRE 20.—-F°R‘J U= *O= RECORDING PAST AND PRESENT MED!ICAL HISTORY,
U Tabulations of <cevious illness did not indieate that pneumonta,
plenriay, respirutors diseases other than the common cold, digestive
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disturbanees, or prolonged contanet with an netive ease of tuberculosis
had made people more suseeptible to ashestosis,  Frequent, disabling
colds were more cominon among persons with advanced pulmonary
fibrosis than they were in persons with little or no fibrosis, but this
probably is a result of the fibrosis rather than a predisposing influence.

SYMPTOMS OF ANBESTOSIS

The chief symptoms usually associated with ashestosis are progres-
sive dyspnoen, cough, hemoptysis, emaciation, weakness, poor chest
expansion, curved finger nails or clubbed finger tips, chest pain, and
cyanosis. In these respects nshestosis resembles silicosis. Early
cases, of course, would have relatively few of these symptoms and an
advanced ease would have almost every symptom listed.  The appear-
ance of these symptoms can be explained on the basis of a more or less
general fibrosis of the lungs and concomitant pathological changes
such as cmphysema, bronchicctasis, and fibrous pleurisy. The
cardinnl symptoms of ashestosis are cough and dyspnoea. These two
symptoms occurred together and in combination with other symptoms
far more frequently than one would expect on the basis of chance alone.

TasLE 24, —Nwmber of persons who had certain pairs of dinorders, compared with
the number who would be erpected lo have them on the basis of chance alone. W here
the differences are statisticaily significant the observed numbers appear in bold-face
type '

Persnns Hemopty-! Loss of Chest . Lons of
aftected Cough prigld weight pain | Weaknew | oooarite
Disorder . = | _

2533 Tl ¥ sl |28z 8 3|32

Fle B2 5 [2| 3815 |2|5|12|2|28) %2

e Bfe 3|2 (3|2 |8|Z|B|2(0 2|33

z -4 o Q [ (5} o [S2 -] | ] (=4 o (-] Q
Dyspnoes. ........ 122 | 26.34 9419051 0] 102] 281108 1180 3M}1.1 4 1.e
Comgh..oo.ooa.as. w28 |l ne| 2(1e.2| 131471 28)168] 3| 18
Hemoptynis. ..., M| 842 [ leea]oan.s 9| 4 3]0 11] 8.8 i{ 0.8
Loss of weight 41{ 888 4{ 077 10 87 2| 0.8
Chest pain. 19§ 410 9| L7 2] 0.2
Weakness. . 2] .07 4] 0.8

Laoes of appetit 6] L3O - .

As table 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.> Actunlly, the two con-
ditions are found together far more frequently than that, and it is
safe to assume that there is some sort of cuusal relationship. Similar
considerations hold for most of the other pairs of impairments.

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

? This value has been eadentlateed on the assumption that 0.2638 represents the preobubility that any one of
the 463 persons wonld huve dycpnoen amid 0.2 represents the probability that a person would have n cough,
These values ure tuken froin the second coltmn of figures of table 24.  Then, 026311, 801 X #itael8,35,
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wme cases there is seanty, viseid expectoration.  Severe paroxysms
of coughing ocensionally oceur in enses of nxhestosis having serious
disnbility. At such times highly tenncious sputum is mitised. .

Usunlly o complaint of dyspnoen was entersd on the records only -
when breathing was labored after an excreise test (see p. 65) earried
on in the presence of the exnmining physicians.  The high percentage
of persons with dyspnoea who were able to be at work is undoubtedly
Jue to the sedentary nature of much of the work in ashestos textile
factories,

Blood-streaked sputum occurred frequently among persons exposed
to nshestos dust although there were only two active cases of pul-
monary tuberculosis in the group. These two cases have not been
included in tables 25 and 26 and figures 29 and 30. The absence of
pulmonary tuberculosis makes hemoptysis a more significant finding.
| Its presence seems to indicate that bronchicctatic and emphysematous
processes are going on in the lungs. 'The presence of asbestosis bodies
in the sputum (which will be discussed in a later section) also can be
interpreted as a sign of disintegrative processes in pulmonary tissue.

Wenkness and loss of weight are closely related symptoms. Inde-
pendently of age and other factors, these symptoms increase in fre-
quency with increasing dust exposure. They are accompanied by a
weneral bodily appearance not unlike that of fibroid phthisis.

Nincteen of the 447 ashestos-cxposed people complained of a pain
in their chests which is best deseribed by the term “substernal dis-
tress.” It was vaguely defined and not as a rule very well loealized,
and it seemed to be an ache or a feeling of oppression rather than a
sharp pain. It did not seem to be of eardiac origin. Only onc of the
24 persons with a past history of pleurisy complained of a chest pain
of this kind. It appears that substernal distress may be connected
with the cough or the dyspnoea that accompany nshestosis (table 24).

The symptoms of ashestosis are listed in table 23, where their
incidence is classified nccording to the total dust exposure of the
persons affected.  For purposes of comparison, the employees of : %
asbestos textile factories have been divided into five groups, which '
differed in dust exposure, one of thiem being a control group of employ-
1 ccs who were not exposed to ashestos dust. A number representing
: the total dust exposure was assigned to each dust-exposed employee
by multiplying the number of years he had worked in the ashestos
3 | industry by the average dust concentration to which he presumably
¢ lulnd been exposed. is total dust exposure is thus expressed in
“million particle years. I a worker had changed from one occupation
y | 1o another, a dust exposure value in million purticle yenrs was ealcu-
lated for each occupation, and these values were added together to
». | obtain his total dust exposure.!

Tew

- Ty

\aa

i

* An exnmple (tnlde IN) has been glven in the section entitied “Interjretation of dust counts.”
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The pereentage of workers who complain of cough, dyspnoen,
blood-strenked sputum, and other symptoms inereases epidly with
increasing axbestos-dust exposure,  In all enses the pereentage of
workers who are affected by o particular symptom is larger than the
percentage in the control group,  Two of the eases of dyspnoen found

-

wy%
COUGH . 2%
¥ T
. 1
sel
DYSPNOEA u%
Y % %
—————— ]
BLOOD- STREAKED SPUTUM o n%
.y | ¥4 (¥4 =
WEAKNE SS ) : %
A 3% 2% LY,
CHEST PAIN o %
1% 2% 2%
NO DUST LESS THAN 23 =49 30=-00 OvVLR 100
CXPOSURE 23 .

DUST EXPOSURE, MILLION -PARTICLE-YCARS
FIGURE 29.—PERCENTAGE OF PERSONS, CLASSIFIED BY DUST EXPOSURE, WHO
HAD CERTAIN DISORDERS.

" in the control group were accompanied by heart defects severe enough
to have caused shortness of breath.

TanLE 23.—Classification of presenl complainis according to the dust exposure of
the affected persons

Million particle years dust exposure . e
Notexposed
to dust
Preseot complaint Lessthan2s|{ 25to 49 5010 VO Over 100 .m0
Num-| Pere [Num-| Per- {Num-| Per- |[Num.! Per- {Num-| Per-
ber | cent | ber | cent | ber |cent | ber | cent | her | cent
Totel......... venonn eeseces ™1 100) 198 100 881 1M ssf | 108) 100 19
MACT.Y | MR
Cough.... [ ] 8 -] 14 3 7 19 33 a4 81 140 :
Dyspnoea. ] 7 2¢ 18 13 (L] L3 33 62 8 122
Weakness. 0 0 10 ] ] [ 3 § 19 1L 4«
Tossof welght. ... ... .c.cccceae 4 3 14 7 8 ’ 2 41 116 18 “
Blod-streaked sputum........... [} 0 [ ) 3 ] 4 L] 9 22 2 3
Chcsunln ...... ervemeennan asee 1 ] 4 2| ‘2 3] e i 18 14 10
; f.one of nppetit@eaeeaceeeneeacac. [} ] ] 0ecee.. ] 2 H 2 3 3 .

1 Data not availabls for all workers.

Another indieation that these symptoms are an integral part of

& . . .
L8 the symptom complex of asbestosis is to be found in the relation of
. l o
‘ 4
. . i
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these symptoms to the fibrotic chunges that oceur in the lungs.  The
degree of fibrosis can be estimated from the lung-field markings seen
on Neray examination, a subject which will be more fully discussed
in a Inter section.  For the present it will be suflicient to say that as
n result of long-caontinned exposure .to ashestos dust the normal or
fist=degree exaggerntion of linear pulmonie markings become conrser
and more widesprend (second-degree linear exaggeration).  Upon
longer or more intensive exposure a fine, interstitial fibrosis sets in
which gives a hazy, ground-glass appearance to the lung field (first-

02,

wy WAL/ AAIAA,

3 ,‘ l/’

COUGCH . / .’?f ’?/}
~ .'z N, ) v

DYSPNOEA
337

BLOOD- STREAKED SPUTUM L
LY. 3 s% ;

WEAKNESS e %
%

1y LA/ NN/
S .\\\\\\\\\\waoff X

CHEST FAIN
W),

% '75 ' m (A
I* LINEAR 2° LINEAR I°* GROUND 2° GROUND

GLASS GLASS
LUNG FIELD MARKING

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

degree ground glass) and eventually almost completely obscures the
linear markings (second-degree ground glass).

Asbestos-exp:osed people have been classified into four groups, ac-
rording to their lung-field markings, and the percentage of persons
having certain symptoms has been calculated for ench group. Here
ngain, the incidence of these symptoms increases greatly with increas-
ing fibrotic change. Such a relation is entirelv to be expected for
dyspnoea, since the disense diminishes the volume of the lung available
for the respiratory function. The high incidence of the other symp-
toms in the presence of fibrotic changes that have progressed to the

flound-glass stage is additional evidence of degenerative changes in
the Tungs,
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Tante 26.— Classification af preacnl eomplaints nceording lo lung-ficld markings of

ARy

o4

the affceted persons

Lung-field markings

Fint-degres Reconil-egres Firstaleyree Second«lecres
Present compiaiat linear linenr ground glasy geoennd ghws | Total
'\l"x":'- Percent .\'ur:- Percent \,':;' Percent '\‘.','e';" Percent
Tot8leeececcaaacnaans 1z 100 ™ 190 50 " 2 m 02
COZN. o eoeooseeesranennsans @ 20 n| 2z 3 72 8| a2} 138
Dysy . 42 (. 13 28 33 3. 68 13 82 120
Weakness. .......... pedacans 15 ] 9 i2 13 27 [] 7 43
Loss of weight . e.cev.aanen.. <] 4 9 1£ 2 [} ” 40
Blond-strenked sputum..... 17 8 S [ 1 2 7 2 40
Chest PAIN...cceearnancann.. 10 3 4 '] 3 10 0 0 19
Loes of appetite............. 1 1] 1 ! [} [} 0 0 2

The classification of lung-field markings used in the preceding sec-
tion is part of a scheme that was used in a study of anthracosilicosis

X-RAY FINDINGS

LUNG-FIELD MARKINGS

FLUOROSCOPIC IXAMINATIONS

Neart, Aseta aad Traches

Lung Nelds

PUE N et

Quality of film..

X-RAY INTERPRETATION

Beuy fr:

Esamiasd by:

Tochnie

P

Heart, Aocta sad Trach

Lung fields

E d by:

FIGURE 31.—FORM USED FOR RECORDING X-RAY FINDINGS.

(42, 51).

It is, of course, highly desirnble to have a system of classi-

fication which will help in deciding whether o given type of lung-field
marking represents an early or a lnte stage of a pneumoconiosis, amd
this scheme has been drawn up to illustrate the probable sequence of
lung-field markings that occurs during long-continued exposure to a
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pneumoconiosis-producing Just.  During medieal studies of anthi-
cite miners, for instanee, all of the stages represented in figure 32

were found.  Among ashestos-exposed workers, on the contrary, no

ense was found which had progressed heyond the ground-gluss stage.
This constitutes o dilferenee between asbestosis umd silicosis that
Merewether (25), Lunza (18), and Pancoast (29), among others, have
commented on. Further investigntion will be needed to decide
whether this dilference is due to n peeulinrity of ashestos dust or

SCHEME OF X-AAY INTZRPRETATIONS

LUNG FIELD APPCARANCE R-mAY

Lot wosmey 00 satr
ever P4 Bat g OF \uf al
Sty

L)
Sl rasens

el rntn
A SUEEY Sav OF YL PRASES SANTTELTIY sasve.

FIGURE 32.—-SCHEME USED IN CLASSIFYING X-RAY MARKINGS

whether it is due to the rare occurrence in asbestos textile mills of the
excessively high dust exposures (100 to 300 million particles per cubic
foot and more) found in certain other dusty trades.

In a typical case of asbestosis the lower half of the chest X-ra y film
has a fine, granular appearance which Merewether (25) aptly de-
scribes as “ground glass.”  Not infrequently, there is more fibrosis on
the right side than on the left. The presence of emphysema in the
apices, which results in increased radiolucence, tends to exaggerate
the cloudiness of the bases of the lungs. Emphysema precedes the
ground-glass appearance of the bases. Chest X-rays of individuals
with pneumoconioses induced by other silicates, with the exception of
mica,* do not regularly show the basal localization of fibrosis that is so
characteristic of ashestosis. v :

s Unpnbllshed data.

13102+ R—~=5
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/' Occasionally, in an ashestotic chest, the heart has a shagey outline
" when viewed roentgenographically, n phenomenon discussed by other
investigntors,  This seems to be of more froquent oceurrence when
o the worker has been exposed to dust containing u_ high proportion of
fibers (the dust produced in twisting or hroadeloth wenving, for in-
stance) than when he has been exposed to short asbestos particles,
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FIGURE 33.—'PERC!NTAGE OF MALES, CLASSIFIED BY AGE., WHO HAD CERTAIN
LUNG-FIELD MARKINGS. 229 MEN HAD NO PREVIOUS INDUSTRIAL DUST EX.

POSURE. B0 HAD BEEN EXPOSED TO KAOLIN DUST, AND 357 HAD BEEN ExroseD
TO ASBESTOS DusT.

such as those produced in carding. Further study would be necessary
: in order to establish this point. -

Unlike silicosis, nodular and conglomerate shadows are not found in
asbestotic workers'in the nbsence of tuberculosis or other infections. .
The principal difference discernible on an X-ray filin between an early -
and an advanced stage of ashestosis lies in the density of the ground-
glass markings and the degree to which the linear pulmonic markings
have been obliterated.  Although first-degree and second-degree

ground-glass markings have been tabulated separately in severnl '
- tables published in this report, it is often diflicult to decide whether a f——
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particular film represents an carly or an advanced stage of pulmonary
SR fibrosis, : :
' There is, of course, an inerease in the prevalenee of lung fibrosis with A
. advancing age.  Beenuse ground-ghiss appenrance of the lung ficlds, “
o which is indieative of fine, interstitial pulmonary fibrosis, is ' most
" important dingnostic sign of ashoestosis, it is necessary to evaluate the
relation of this condition (o age and other relevant factors.  From un-
published data collected by the Public Health Service, tabulations of
lung-field markings in relation to age were made on two groups of men.
One group comprised 229 men who had never been employed in a dusty
trade; the other group included 80 men engaged in mining and refining
kaolin by wet methods, The percentage of men who have a second-
degree exaggeration of the linear pulmonic markings increases with
advancing age. It is significant, however, that in the entire group
of 309 men there were no cases of ground-glass lung-field markings.
Other studies confirm this. Dreessen (43a) examined 80 men exposed
to marble dust ; 18 percent liad second-degree linear ma rkings, but none
had ground-glass or nodular markings.  Similar data are available
(42) for 201 men employed in portland cement mills who were ex- .
- amined by Gardner and Sampson. No cases of granular markings or o o
of discrete, nodular fibrosis were found. \ :
In every age group the Proportion of asbestos-exposed men who had | / : i
advanced stages of pulmonary fibrosis is greater than in the men not : '
exposed to ashestos dust. The percentage of men with ground-glass !
lung-field markings increases with advancing age. In view of the data _
for the two occupational groups just discussed and of the relation | :
between this condition and length of employment, it appears that the |
reason why the incidence of this type of pulmonic markings is corre-
lated with age is that the older people have been exposed to asbestos -

TARLE 27.—Relation of lung-ficld markings to age: Men accking employment in a
dusty {rade for the first time, kaolin workers, and men employed in asbestos tertile
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dust for the longest time. Tt would be important to know whether
susceptibility to ashestosis varies with age, but these duta do not seem

to be extensive cnough (o test this point sutisfuctorily. K
The prevalence of ground-glass lung-field markings increases greatly
0% with increasing length of em-

ployment, as figure 34 shows.

o The incidence of ground-glass
5 % lung-field markings also in-
3 creases with increasing dust
::,'L ] exposure.

H 2%, In figure 36, which is based
» on tuble 28, the heights of the -
{ vertical bars represent the per-
i- centages of ashestos workers in
3 2 different exposurc groups who

o-9 3-9 10 =ia ., OVER IS

o ot I had gmuml-gluss lung-field
FIGURE 34.—RELATION OF GROUND-GLASS markings of either first orsecond
LUNG-FIELD MARKINGS TO LENGTH or degree. The 76 controls have
EMPLOYMENT. . been excluded from this tabula-
tion and 8 number of workers whose dust exposure was not known
have also been omitted. Many of the percentage values must be
viewed with caution because they are based on small numbers of
workers. This is particularly true in the groups with more than
10 ycars’ employment. son - ' -
Considering the four ) 272
dust exposure groups
one at a time, there is
a consistont and regular 20p
increnso in the percente "¢
age of persons with ad-
vanced stages of lung
fibrosis with increasing
length of employment.
Age, of course, also in- ' 2%
creases with length of 9 —gas s-as l-ms oven 20

cmployment, but theso

ﬁbrotic chnngcs c““not FIGURE 35.~RELATION OF GROUND-GLASS LUNG- 1
beo nscribcd to advanc- FIELD MARKINGS TO DUST EXPOSURE.

13
ing nge because, ns table 27 shows, fibrotic changes of this degree are
not to be expected in workmen of comparuble nge who are not exposerd
to siliceous dust.

Obviously, there are great differences between individuads in the
time that clapses from their fist exposure to ashestos dust and the
time that fibrotic changes are evident on X-ray examination. In
somo persons this was much less than 5 years and in others it appears

OFf WORRERS 132 7% 4

AFFECTED

OUST CONCINTRATION, bl 10N PARTICLES PCR CU. FT.
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S
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to be more than 10, Although it is impossible to account for these

differences entirely, it is possible that one factor may be the difference

in physical exertion that different oceupations require;  In a sedentary

occupation, shallow breathing might be adequnte to meet o person’s

respirntory needs; sueh n person woudd inhinle less air, and conse-
quenty fewer asbestos particles, than a person engaged in vigorous:
musculur work who was obliged to breathe deeply.  Some of the

individunl differences to be found in these data may be due to differ-.
ences in the total amount of ashestos dust inhaled.

FIGURE 36.—INCIDENCE OF GROUND-GLASS LUNG-FIELD MARKINGS IN RELATION
TO LENGTH OF EMPLOYMENT AND DUST CONCENTRATION.

TanLe 2R.—Propartion of asbestns trxiile workers twith ground-glass lung-field

markings -
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It will be noted that the relation between dust exposure and the
incidence of ground-glass lung-fiecld markings is not a simple one.
Even if length of employment is «hsro"m'(lml, as in figure 35, the
incidence of ground-glss markings is proporhunutvl\ lm\'vr at 10 to
19.9 million particles per cubic foot thau it is at the next higher or
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next lower dust eoncentration.  Althowgh it is probable that these
differences represent sampling errors due o small numbers of ¢xposed
persons, it may he that ashestos fibers excite a different, and possibly
more severe, reaction than ashestos particles.  If this wern true, the
total particle count tabulated abive would not be a completely
satisfactory  measure of the paenmoconiosis-producing  power of
ashestos dust. :

It is not unreasonuble to suppose that the amount of pulmonary
fibrosis might be more closely related to the weight of inhaled ashestos
dust than to any other physical property of the dust. The number
of dust particles can be used ns a rongh estimate of the weight of most
dusis (laboratory studies have shown that the two quantities are
high!y correlated).  This may not be as good n measure in the ease
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FIGURE 37.--RELATION OF DIAPHRAGMATIC FIXATION TO DUST EXPOSURE. THE
PERCENTAGE OF PERSONS IN EACH EXPOSURE GROUIP \WWHO HAD FIRST, SECOND,
OR THIRD DEGREE DIAPHRAGMATIC FIXATION HAS BEEN REPRESENTED BY THE
HEIGHT OF VERTICAL BARS.

of ushestos heeanse, as table 6 shows, there are many long fibers in the
dust suspended in workroom air.  The diflicultics enconntered in
measuring fibers have already been discussed (p. 23) and only one
additional point need be mentioned here. .\ fiber 50 microns in
length is capable of reaching the lungs (table 37); it would be counted
as one particle in making dust eounts, and yet it wonld have approxi-
mately 30 times the weight of a fragment of the <ame fiber only 1
micron in length.  The 2 particles would have the same influence
on the dust count, but one would carry 30 times as much ashestos to
the lung as the other if both were inhaled and retained,  Unfortn-
nately, meazurements of the weight of dust in the air were not made.
H they had been, it is possible that the relation between ashestosis
and dust exposure might have heen altered,
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During lnoro-copie examination of the ehest the degree of move-
ment of the diaphragin was ohserved and recorded. The pereentage
of people with inpaired  diaphragmatic movement inerensed with
inereasing length of dust exposure, and the proportion of workers with
sovere degrees of impairment likewise increased.

Tame 20.—Occurraner af diaphragmatic firation i rcation lo willion particle years
of cxposurc’
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the pereentiace values in the apper Talf of this table were ahotined by dividing the values kabelled
sgetal fested by the eorre-ponehiie alues i the inwer half of the 1able

This iz shown in ficure 37 where ashestos warkers have been divided
inta five groups (one of them a control gronp). aceording to the total
amounts of ashestos dust to which they have been exposed during
their working life.  Only Awo of the 76 controls had any impairment
of dinphragmatic movement.  For each group the pereentage with
normal diaphragmatic movement, and slight (<), moderate (4--1),
or severe (4-4--L) diaphragmatie fixation has been ealeulated.  These
pereentages have heen represented by the heights of vertieal bars,

Severe forms of diaphrmgmatic fixation accompanied  advanced
stnges of Tung fibrosis.  Among 295 persons with first-degree linear
lung-ficld markings, 9.5 pereent had impaired diaphragmatic move-
ment.  Of the 22 persons with second-degree, cround-gliss lung-field
markings, 68 pereent had impaired diaphragmatic exeursion.  This is
a rensonable finding. <inee hung fibrosis and diaphragmatic limitation
appear to be part of the sume process.
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Diapheagmatic abnormabities, saeh as peakine, did not ocenr to any
siemificant extent in e ton workers althoush they aee common nmong
persons with silicosisc Tnoa study of cranite workers earried on by the
Pablie Health Serviee (IS, 0087) 0 “Lrregidaritics of the disphenem were
rather constant. - Forty peveent of cases had-evidenee of i, and as the
condition advanced there was an inevease in choages of the dinphirng-
matic shadows. There were instanees in which aneulation of the
dinphragm was in evidenee, and others which showed indications of
extensive adhesions.”  In a study of anthracite miners carried on by
the Publie Tealth Service (51, p. 38): “Decrease in the motiility of
the diaphragm  as demansteated by fluoroscopy  was  fregnently
observed. This mallonetion, varving from slicht to practieal fisation,
inereased with the severity of the pulmonary patholozy.  Not in-
frequentdy adhesions between the viseeral and dinphragmatic pleur
could be seen.”  On the contrary, in ashestosis, with the exception of
one man (fig. 48), there was no roentgenosraphic evidenee of dia-
phragmatic peaking. Tt appears that the limitation of movement,
which is a definite part of the symptom complex of ashestosiz, may be
due to inelasticity of the Inng= and binding of the Inngs to the parietes
and the mediastinal struetures by fibrous pleuritis.  (See pathologieal
seetion.)

PRYSICAL FINDINGS

The objective symptoms that are most frequently observed and most
useful in establishing a dingnosi< of asbestosis are general appearance
of ill health (particularly any sigus of loss of weizht), the condition of
the finger nails, and diminizhed chest expunsion. These symptoms
obviously appear Iate in the conrse of the disease.  The useful chest
sighs seem to be limited to adventitions sounds.  Diminished breath
sounds. prolonged expiration and eraekling riles over the bases of
the Inngs and interseapular regions seem to accompany ashestosis.
Varions riles and adventitions sounds were heard in the chests of
5 pereent of the persons in the control group.  Riles were noted in
14 pereent of the asbestos-exposed persons who had normal lung-
field markings or who had only first-degree linear exageeration.
However, in the group of per<ons with ground-glas< ling-field markings
(persons who had aszhestosis), 49 pereent had riles or other adventi-
tious sounds.  In about two-fifths of the cases, riles persisted after
couzh,

Changes in the perenssion note are hard to evaluate, probably
beeause the condition tending to give o dull note is eonnterbalanced
by weneralized emphysema which prodaces hyper-resonanee.  The
ab-enee of localized areas of conglomerate fibrosis and loealized areas
in which there is marked compens<atory cmphysema obvionsly ge-
connts for the ek of more definite findines,
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for ench group.

6.3

CHEST LN PANSION

Chest expansion deereases with inereasing dust exposore and with
inereasing pulmonarey fibrosis, © Ashestos-exposed men were divided A
into four groups aceording to dust exposure, and the average chest -
expansion and the average chest girth at expiration were ealeulated
The same men were elassificd into four grovups on the

PHYSICAL EXAMINATION
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vanceed pulmonary fibrosis,

pulmonary fibrosis,
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basis of Inng-field markines, and similar ealeulations were made.

FIGURE 38. -FORM USED FOR RECORDING PHYSICAL FINDINGS.

The

deerease in average chest expansion cannot he attributed to any lack
of large-chested men in the groups with high dust exposure or ad-
On the contrary, the average chest girth
inereases slightly with inereasing dust exposure and with inereasing
Several factors mayv have contributed to the
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Lntter phenomenon and the available data provide no means for
diseriminating between then, Sinee the trend s <licht it may be
disregarded. The ratio of vhes( q-\|r|n~inn to chest girth deereases with
inereasing dust exposure and with inereasing pulmonary {ibrosis,

Tann 300 Redation of avecage olo st orpansion to dusl v in male ashe stos

workers
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Tanie 31 Redation of uverage chest crpansion to Lung field maikings: in male
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Chest expansion tends to deerease somewhat with advancing age,
but the average chest expansion is less in asbestos-exposed men than
it is in men of comparable age who have not been so exposed.

Tantk 32-—.\rerage ehest expansion of males
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Externally, the thorax shows evidenee of limited respiratory

movement; the supta- and infra-clavieular fossae are conspicuons;
the anterior-posterior dinmeter of he chest is inereased ; the substernal
sngle may be more obtize; evidenee of wasting or los: of subeutaneous

fat may bhe present; eertain of the aceessory mus<eles of respiration
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may  appear {o be hypertrophied. In other words, the generl
appenrance of the chest ix that of fibroid phihisis plis crphysena,

Among the conditions that may reduce chest expansion are plearal
adhesions and the pelative inelasticity of fibrotie Tung {issue.

HESFIRVIORY NATE

The direct effect of pulmonary {ihrosis on respiratory ride may he
coen in tnble 33, Before the exereise test the respiratory rate of nules
with ground-glass Tang-field ma- Lings was higher, but not siernificantly
¢, than the respiratory rate of males with first degree Jinear exaggera-
fion of pulmonic markings=. The exercise test consisted of hiaving
the subject stand with one foot on a hox 14 inches high and to raise his
other foot to the level of the top of the box 23 times in 30 seconds,
The respiratory movements were counted during a 15-xecond period
preceding the test, during a 13-sccond period immediately after exer-
cise, and during o 1i-second period 2 minutes after the test.  Iixercise
raised the respiratory rate of all four groups of men, but the rise in
respiratory rate was dependent upon the degree of pulmonary fibrosis,
the men with ground-glass Jung-field markings being affected most.
After 2 minutes’ rest, the full in respiratory rate was again dependent
on pulmonary fibrosis. The respiratory rate roturned most closely to
the preexcrcise rate in men with normal pulmeuic nmarkings or with
first-degree Jinear exaggeration of lung-ficld markings. The return
to the preexcrcize rate was clower in men with ashestosis (ground-
glass Tung-field markings=).

Tanne 33 Rlation of respiratory rale to lung-fisld markings in male ashestos

workers
‘ Lung-ficld markines
Average resiratory rate . . v ‘ Serond-
First-degree Foﬂ:ml i First-tdevree segree
linear depree eronml- grouned-
linear l £lass eluss
Number of men examined. baicd 6 | 3 !
Tefure eNeTeINC Lo eens 18 450,17 10.32.40.32 N 20w N2
ANEP Crertice. caee. .. 25 (v Y| 26,328 08 N IS ML i
2 minutes after exere o0 41k L07 | 21394 02 " P T O RU L]
t
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Similar relations were found in a study of anthraecite miners.  [n
men with anthraco=<ilicosis the vespirntory rate was definitely hizher
than in essentially novmad men before sexercise, affer exereise, and
after rest. -

CLUBRING OF FINGERS AND CURVING OF NAILS

Many ashestos-exposed workers, particularly those with long dust

~exposures, had a deformity of the finger nails.  The terminal phalanges

may become so bulbous that the finger resembles the end of & drum-
stick, a condition conveniently described by the tern elubbed fingers,
Usually it is accompanied by a downward eurving of the end of the nail,
The affeetion is almost always bilaterally symmetrieal and often
involves the toes as well as the fingers. 1t is common in pulmonary
tuberculosis.  In bronehieetasiz, empyema, and congenital heart
dizease it may be =een in its most exazrerated form,  Sueh exagrer-
tion, however, was comparatively rare in this stady.  In a study of
2,711 B anthreite workers, the deformity, rezardless ol degree,
was observed in about o thivd of the workers having anthraco-silicosis,
but was present in only 4 pereent of the controls. The real signifi-
canee of the alfection Im= not been determined,  Noerts and Landis
(62) state that in all probability it is a manifestation of long-standing
toxemia associated with phthisis or bronehiectasis.  The bronchice-
tatic and emphysematous changes noted in the asbestotie lung at
autopsy probably account to a great extent for the accurrenee of the
change in the workers with ashestosis.
TanrLE 33.- -Nuwmher and pereent of ashestos-crposed workers who had clubbed fingers

or curred fiuger nails, classified by lung-ficld marking

! Lnnz-fielt markines
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lineur weoninl eiss zruttied klisg | Tota

Firsteelegrre

Beeree of clubbinge
i linear

el earvine
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CPetal L Soos| | 1 | 1 "
Normd L. P wi | arl g at 3t
ool ' % 12 : 21 " ¥ “
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Five controlz (6 pereent) had curving of the nails,  This pereentage
was mueh higher (19.2) in the asbestos-exposed gronp, Thirty-nine
pereent of the workers with fimst- or second-decree cround-glass
lung-field inarkings had this condition,

HEART DErECTS

Taking age into consideration, blood pressure values conformed
closely to the values fonnd on examination of 10,103 male industrial
workers ().
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Heart defects were nonore nuierous than in industrial groupsan

ceneral.  They were tabulated in relntion
tad .

to dust exposure and

pulmonary (ibrosis in the same way ax the impairments just dis-
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FiGgunrrt 39.. -PHOTOMICROGRAMKS OF ASBESTOSIS BODIES FOUND N SPUTLUNM,
ENLLARGED 530 TiMES EXCEPT E WHICH IS ENLARGED 310 TIMES. A SCALE,
RULZD IN UNITS OF 50 MICRONS, HAS BEcN DRAwWN BESIDC EACH ASBESTOSIS

BODY.

('\l:ﬂ.“(‘(‘, hut no simple relationships could be fonnd.

A eareful eardiae

study  Gneluding eleetrocardiogrms) was made on one group of

ashestos workers,

AManv workers with advaneed eases of asbestosis

had normal hearts and ne evidenee wax fonnd which would relate

heart impaivments to ashestos dust exposire.
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ANBEASNTOS UOIINS

Ashestos corns are wartlike eallositios, 1 mm to 5 nun in size,
usually located on the palmar surfaces of hands or fingers and ocen-
sionally on soles of feet or on the legs (e lig, 394). Their presence
on the palmne surefaces of the hands s explained by the fact that
workers, on breaking threads of ashestos, foree tiny slivers of nzbestos
under the skin where it initintes a foreign body response. This
response s characterized by hyperplasin and  hyperkeratization.
Table 36 shows that the oceupations in which ashestos corns are
most common are ones in which workers test the tension of moving
threads with their fingers, or in which they are obliged to break
threads with their hands or to knot threads together.

Tanie 36, Deceentoge of ashestos workers who had asbestos eorns, classified by
anccupaliont .

) Number
. Numbher with Pereent
Oecupation employed | ushestos | with coens
corns
b TS L Ly 1 OO SRR ) 25 [
Creelers .. i ieiiiiiaieaea 135 6 10
Tape aned beake-lining weavers. ... . 39 11 b1l
nspectors, calenders, amd finishers .- 15 ¢ by
Cloth Wenvers., . .. cooieicecaemanacas «un .. k] S =
Crushers... 5 1 20
Yaen gpenler: . N 13 17
Mule ansd ring spinners. .o .o...oooo .. £n 9 18
Carders . .. aiieiccccscnicienacemmaas R A% 5 9
President. stenogeaphers, and clerks_ ... ... 0 2 T
Pickers and pilers o ieeaiiiae ol 18 1 n
Wilh b shakermen.. ... 4 0 0
Conlers e e e ] 0 0
Formars i e . e e iasaen 2 1] ]
ary satilen, aned night watchmen 1n 0 0
Mutiazers and superintenelents. ... ... . 17 0 0
Preemplovment o .iianianieicae . kg D] 0
PO e eeee e e e ee s evmammnas e e o m| XS 1%

1t Doex not inelude 17 recently discharged workers.

Microscopically, Dewirtz (10) states that the corns present a pieture
of slow chronie loeal irritution.  The horny and Malpighian strata
of the skin are inerensed.  Round-cell infiltration i< noted particularly
in the papillary layer of the dermix.  Ashestos fibers or erystals are
alko seen and they are regarded by Dewirtz as the agent responsible
for the thickening of the rete mucosum, basal layers, and the giant-
coll formation.  Gloyne (16) has also found asbestos fiber in the corns,
but noted that ashestosis bodies of the type observed in asbestotie
lungs and sputum were abseut.  The workers have themselves called
these little tnmors “asbestos corns,” or asbestos warts.  Not in-
frequently the corns beeome very tender, particularly when pressure
is appliedd to them in the course of handling tools or machinery.  On
aceount of the pain, the workers will attempt to remove the spieale
of mineral with & pen knife or <ome other <harp instrument, Should
the fiber be incompletely removed, it recurs with greater ll}'])l‘l‘[)!:l.\'i:l!

‘
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heenuse of the added trauma. Nost of the workers so afllieted insist
that every bit of (iher must he removed hefore the corn is eured.
Only ocensionally, however, i medical reliel soneht, and in sueh enses
Dewirtz (10) advises complete surgienl removal.

LARORATORY FIN DINGS

ASBENTOSIS nangys

Unusual struetures have been oh<erved by several investizators on
histological study of the lung tissue of men whe had dicd from as-
bostosis hut no detailed description appeared until 1927 when Cooke
(®) and MeDonald (22) published plmumli(-mgruphs and dizenssed
the conditions wnder which ashestosis bodies are formed.  Their
papers apparently awakened interest in the subject and several papers
on ashestasis hadies appeared soon afterward.

The [ollowing review of the literature on ashestosis hodies is far
from complete, but it will serve to indieate. the kind of information
that has heen put on record thus far. There is goud evidenee to
show that these bodies originate as n collular response to an inhsrled
ashestos fiber.  The core of the body is an ashestos fiber which is
surrounded by protein deposits, Apparently ashestosis bodies are
formed only in the lungs. They have been recovered from the feees
(36), snggesting that they pass unchanged through the sastrointestinal
tract. They have not heen demonstrated in the ashestos corns whieh
form on the handsz of a<hestos workers (10, 57n), nor in the peritoneum
of experimental animals (37) into which the dust has been injected.
Gardner (57) fonnd the “hadies” in the lungs of dusted guinea pigs,
but for <ome unaccountable reason found them to he sparse in simi-
larly exposed rabbits. The bodies can usually be demonstrated in
the sputum of patients with ashestosis, although, according to Lynch
and Smith (38), the sputnnrmay be neantive on repeated examinations
even in well-established eases. For enses of this type, lung puncture
(40) has been surgested as diagnostic procedure.

Ashestosis bodies are vartable in form (fiz. 30¢) and in size (table 37).

Charaeteristically, they are slender, elongated, segmented structures
with bulbous ends which give them u dumbbell or drumstick shape.
Oceasionally, a forked or Y-shaped body such as the one marked JT7
in figure 39 is encountered. A rosette aueh ns the one illustrated in
the center of figure 30 was observed only once in the examination of
sputum samples from 281 persons.  Rosettes, however, are common
in scctions of lung tis=ue. Stewnrt, Tatersall, and 1Taddow (41)
say,
We snggrest that the finedines of a large clnmp or climps of ashestosis badies jn the
spulum ns here deseribed is a clear indieation of disintegration of lung tissue,
whether by a proeess of simple suppurative hroneho-pneumonin, as in our first
case, or as a resnlt of cecondary tnherenlous infeetion,  In vither ease it ix reason-
able to conelnde that there is alaer 2 detinite underlying ashestosis,
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FIcunE 19A  AsBESTOS CORM ON THUMB OF 16-YPAR-OLD MAN £rPLOYED 4
YEARS IN THE CARD ROOM OF AHL ALOESTOS TEXDILE FACTORY  PREVIOUSLY
EMPIOYED 13 YEARS IN COTTOM AND WOOLEN [EXTILEL MItLS. IPROTOGRAPH
OF MOULAGE. 2X,
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The ashestosis bodies illustrated in figure 39 show some of the
variations in size and shape scen in sputum smears. Five of these
ashestosis hodies (4, €, 1, FL K were found on the same <lide.  This
sample of sputum was obtained from a 37-vear-old mule spinner who
Tad been employed in the ashestos industry for 77 years, exposed to
an average dust concentration of 8§ million. particles per cubice foot.
Becanse he made no complaint of any of the major <vmptoms of
achestosis and beeanse his Tung fields were second-degree Jinear, no
dingnosis of ashestosis was made. The bodies labeled ¢ and 17 eame
from another mule spinner, a 37-year-old man employed 2% vears in
an average dust concentration of 7.9 million particles per eubie foot,
Except for a congh he had none of the symptoms of nshestosis and his
lung fields were essentially normal.

In several photomicrographs of the “ashestosiz body,” the nsbestos
fiber mny be seen eleariy. The bodies are somewhat fragile, and frae-
ments (such as L in fig. 39) often oceur.  Unstained speeinens are
solden yvellow or golden hrown, They do not stain with the aniline
dves ordinarily used in histology, hut they stain blue (prossian-blue
renction) when treated with potassium ferroeyanide.”

Ashestosis hadies ean be demonstrated on seetioning lung tissue,
Sinee they arise as a tissue reaction to an inhaled asbestos fiber, their
size is important beenuse it indieates the length of the ashestos fibers
that may reach the hings. The greatest length of the first 168
ashestosis bodies found during the study of prepared sputum speei-
mens was measured on eamera-lucida drawings,  Every ashestosis
hody was measured and the frequeney distribution of these measure-
ments appears below,

Tann. 37.  Frogueney disteibotion of the lengths of the first 168 ashostosis bodics
fowrsl in sputum smears
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The ashestos bodies rnced in length from 10 to 128 microns; their
average lensth was 250 microns,  Ater complefing this series,
roufine measurements were discontinued sinee this <cemed to be a

large enough sample (o indicate the sizes of ashestosis bodies most.

frequently found.  The Lrzest body found in subsequent study of
sputam specimens measueed IST microns in length, There seems to
he no completely <aticTactory explanation foe the abwenee of ashestosis
bodies measuring less than 10 mierons in length, )

Ashestos appears to differ from other pnenmoconiosis-producing
dusts with respect to the size of the largest particle that may reach
the lungs.  The largest reported upper limit of size for rock dust in
the gold mines of South Africa and in the granite (48) and anthracite
(51) industries in this country is 14 microns. The data of table 37
are in harmony with n concept that has been gaining support in
recent vears, namely, that particles beyond 10 microns in size reach
the alveoli.  Measurements indicate that the diameter of air saes
may be from 150 to 300 microns in adults, or, in other words, of such
a size that asbestos fiber or resulting asbestosis bodies may be readily
accommodated.

Ashestosis bodies were found more frequently in the sputum of
persons who complained of a persistent cough than in the sputum of
persons without n cough.  Thix is a reasonable finding, since the act
of conghing tends to raise materials from the Jungs. Ialf of the
56 people who complained of dyspnoea had ashestosis bodies in their
sputum.  Less than a fifth of the 225 ashestos-exposed people who did
not make a complaint of dyspnoea had asbestosis bodies in their
sputum.  Almost the same relationship holds for a compluint of
cough.

Ashestosis bodies were found in the sputim of 46.9 percent of
persons whose condition was dingnosed as nshestosis. .\ mueh smaller
proportion, 213 pereent, of essentinlly  normal ashestos-exposed
persons had ashestosis bodies in their sputum.  Thus, it appears that
the presence of asbestosis bodies is evidence of exposure to asbestos
dust, hut it is not necessarily a diagnostic sign of ashestosis. - Asbes-
tosis bodies were found in the sputumof persons who had been exposed
to ashestos dust for as short a time as 3 month<.  Of the workers
employed less than 1 vear, 22.5 pereent had ashestosis bodies in their
sputum. A\ larger pereentage, 38 pereent, of workers employed more
than 3 years had these bodies in their sputum.  In evaluating these
percentages it must be remembered that they are based on the exami-
nation of a single sputum specimen from each individual,  If several
speeimens could have been collected and examined, the pereentage of
persons with ashestosis bodies would almost certainly be mueh higher.

N o ashestosis bodies were found in sputum samples from any of the
76 persons tested who were not exposed (o asbestos dust.
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The incidence of ashestosis bodies inereased with inereasing dust
exposire.

Tanrve 385 Nelation of dust cancentration te occucienee of ashestosis bodics
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RESULTS OF TESTS ON URINK

Each person emploved in the three nshestos plants studied was asked
to bring a 24-hour <ample of urine in a metal container provided for
that purpose.  In addition to the standard clinical tests, the silica
content was determined by the method of King and Dolan (39).7 Of
the 416 persons exposed to ashestos dust at the time of the study, urine
analyses are available for 403, and these results have been kept separate
from the results of urine tests made on 67 persons whose work did not
expose them to ashestos dust.

Albumin was found in the urine of 10 of the 248 white males tested;
in the urine of 10 of the 98 white females; and in the urine of 3 of the 57
negro males tested.  Only one sample of urine (from a white male)
contnined sugar (Benediet's test).  These rates of incidence are no
higher than in the controls and, insofar as published data are available
for comparizon, they scem to be no higher than the rates generally
found in industrial populations,

Tantk 39.- -Kdation of urinary silica to dust exposure

Pust evposure, million gartickes pee cubie font
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Silica was present in concentrations ranging from 0.7 to 11.1 mg
per 100 cc.  Average urinary silica concentrations for groups of
persons whase dust exposure varied widely (table 39) do not indicate
that there was any <tmple relation between the exposure to ashestos
dust (wWhich consist< af hydeated magnesium silieate) and the con-
centration of urinary <iliea.  Rather, it appears that the values for
-__’ ;l.;l!‘ n--; --:rlriv- precest o0 g (b e betermanation of sitea in the onee consists in the presluction of o sileos

medyiol: srphes b Nt st te give o Blue color, the depth of color Long proportional to the
asemnt of <t prresent,
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dust-exposed persons fluctuate above and bhelow the value for the
control. The total datly lica ontput was eadeulated by multiplyvinge
silien concentration by the volime of wrine exereted in 210 hours;
these valoes (table 39 also show no silll[)l(' relation to dist eaposire,

Urinary siliea analyses afe available for two other sroups of people
whose diet resembled that of a<hestos worlers in consisline lareely
of vegetables: The wete of seven male collewse <tudents livine in the
same eity averaged 2.6 me per 10 ee (based on sinede specimens, not’
24-hour samples). An earher survey of an indosteial plant in Ten-
nesse¢ nade by the Publie Health Serviee © showed that the daily
stliea ontput averaged 20802 0.20 mg, a value very close to the mean
siliea output of nonexposed ashestos workers.

Diet plays an important part in influencing urinary siliea eon-
centration as King and Dolan (59) have demonsteated on experimental
animals, X predominantly vesetable diet, with its high silies content,
leads to o high arinary silien output, It may be that the dictary
intake of siliea was =0 creat as to totally mask any possible effeet of
stlicate absorption thronsh the unes. Inoany ease, the phenomenon
reported by King and Dolan for goll miners (39) and by the Publie
Health Service (31) for anthracite miners, namely, a hizher siliea
exeretion in men exposed to siliea dust than in nonexposed controls,
does not appear here. The urinary silica coneentration of the ashestos
workers is higher than that reported for the two oceupational groups
just mentioned, and this appears to be largely due todietary differences.

Silica eoncentration increased  with inereasing specifie eravity.
The silica econtent is, of conrse, foo low to influence the specifie
eravity direetly.  Tnstead, it appears that the two valies may vary
concomitantly, and that the drinking of large quantities of water,
for instance, would lower hoth the specifie gravity of the urine sub-
sequently exereted and its silica content as well,

Tanre W00 Kelation of silica contonl of urine to speeifie grovity
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THE IMAGNONINS OF ASBESTOSIS

In preeeding sections of this bulletin the signs and svmptoms of
ashestozis have heen treated one at a time or two at o time in order
to show their relationship to dust exposure,  In this and the two

- Jollowing sections the syiptom complex of ashestosisand itz velaiion to

TEesposure will be disenussed.

-7 .-
S agmblizhed datas,
-

f
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Ocenpational history. T establishing a diagnosis of ashesfosiz, i
g important to exclide the possibility that the ohserved éffeets may
have resulted from inhalation of unother kind ol dnst or some other
disense process. A early case of <ilicosis, for instanee, might present
signs and symplems whieh would differ from those of ashestosis
mainly in degree. A dinemosis of ashestosis should be made only
when the oceupational history shows previous exposure to ashestos
dust and no heavy exposure o other siliceous dust.

X-ray findings.- Althongh the ground-glass markines that are so
charneteristic of ashestosis are ustally Jocalized in the hasal portions
of the lung ficlds, nevertheless all regions of the chest st he examined
roenteenographieally in order to deteet gigns of other discase processes
that might complieate dingnosis. 1t is important. of course, to look
for the signs of pubmonary tuberculosis.  The distribution and the
charneter of lung-field markings are significant. Shagainess of the
heart shadow (sce p. 56) has heen mentioned by several physicians
who have reporfed ¢ases of ashestosis.  The physieal findings should
be referred to whenever cardine enlargement s found during the
X-ray examinafion. A considerntion of - the chest shape of the
individual will sometimes modify the interpretation of certain of
these findings.  Fluoroseopic examination is, of course, the bhest
means of detecting diaphragmatic impairments, but valuable informa-
tion can often he gained from a study of a chest X-ray film. Heavy
pectornl museles may cast an X-ray shadow which resembles in o
single plate the shadow cast by the inerensed fibrosis in the bases.
This possibility must alwave be kept in mind during the examina-
tion of echest Xeray films, Notes on the thickness of the chest
museles should be entered on the physical examination forin, or stereo
films should be made in order to whvinte this source of ervor. The
presence of hronehieetasis caused diffienlty in dingnosing one case.

Classification of Tung-ficld markings, —In this study, after examin-
ing an X-ray film and before making a dingnosis, the film was elassi-
ficdd necording to the nature and degree of fibrosi< into one of four
classes: first- or second-degree linear exagzeration of the Inne-field
markings or fir<t- or sccomd-degree ground-uhiss Jung-field markings.
There is good reason to heliove that these four classes represent
successive stages through which a tyvpical eaze of ashestosis would
pass under confinuons exposure to ashestos dust,  Sinee, ns has heen
. said, the ground-glass markings appear first in the hasal portions ol
3 the lung fields, it follows that any given chest film might have nreas
in which the markines were wround glass and other areas in which the
markings were linear. Usually the hasis of elassification has been
the type of marking that predominates in the tower third of the visible
lung field )
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In order (o show these markines on g Lareer seale than would he
possible il the entive il were reproduced and to illusteate this system
of elassification, ficnre 40 has heen prepared,

Symptoms, - Dyspnoea, congh, blood-tinged sputam, pain in the
chest, wenkness, deerensed chest expansion, curving of the finger nails
and adventitions ehest sonunds are symptoms which also oceur in
stlicosis. 1t is possible to differentinte pulmonary ashestosix from
silicosis by history of exposure to ashestos, the presence of ashestosis?
bodies in the sputunm or Tungs, and by the type and distribution of the
X-ray marking<. With referenee to ashestosis hodies in the sputum, the
data show that they may appenrvaflter 3months' exposure.  They show
evidenee of exposure to dust, but not established dizease. Lyneh and
sSmith (38) reported difficulty in demonstrating the bodies in an ad-
vanced case. The presence of rosettes as illustrated in figure 39 las
been reported to he of greater dingnostie signilicanee.

Noadvuneed eases of asbestosis of the hed-ridden ta pe were observed
in the present study.  Reports (13, 20, 26, 32) of {atal Ameriean
asbestosis enses which were relatively uncomplicated by the presence
of other disease processes are essentially similar to reports of uncom-
plicated British eases (9, 14, 34, 35).  Patients in the terminal stage
are usually reported to be emaciated, markedly dyspnocic, eyanotic,
and usually have a severe cough with wiry mueoid sputum.

REPRESENTATIVE CASE HISTORIES

Plates made from representative X-ray films appear as figures 41
to 51.  Roentgenograms of a normal chest (figure 41) and of a chest
showing advanced silicosis (figure 42) hiave been included for purposes
of comparison.  Infigures 43 to 51 which represent ashestotie patients,
an abstract from the case history and physical examination accom-
panies the Xeray. In viewing these roentgenograms it should be
remembered  that the ground-glass hmg-fiekd markings that are
characteristie of asbestosis are exceedingly diflienlt to photograph
and reproduce. 1t will be noted that the distribution of the shadows
is not quite as general as in silicosis, ‘

t Conke has reported somew bt similar badies in the sputum of anthencite miners, bue they seem to differ
morphologically from asbestiosis bodies,
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FIGURE 41.- NORMAL PULMONIC MARKINGS.
g+ usnally seen in the chest roentgenn-

Note the lineae type of pulmonice markin
) ' ¢ i strial worker not ¢
ceam of an average indnstrial worke
‘fnd worked 3 vears in the decorating department ul

general untdoor Iabor,

%

2
4
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FIGURE 42.— SILICOTIC PULMONIC MARKINGS. WHITE MALE. AGE 51.

Nafe coarse nodilar appearance, with heginning conlescenee of these slmd-'n\i
in the upper half of the eft. Moderate emphysenn both bases and slight medins.
tinal distortion.  Nodular markings of the type here shown were not noted in
ashestos cmployees,

“HIWE
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FIGURE 43.- - EARLY ASHESTOSIS. WHITE MALE, AGE 29.

Ocerprtional history. - Carder (asbestox), 11 vears: nondusly trades, 512 vears.
Estinutled dust erposure, —(a) 35.3 million particles per eubic foot. () Million

particle vears, 159,

No significant past medieal findings or complaints,
P'hysical examinabion - <Intermedite, stender white made, Heightt, 671 inches;

weight, 142 powne

fremitus, breath sonnds, or perenssion note. Plood pressure, - 168 118, Pulse

rate, 96, 120, and
exercise,  Urinary
wrinalysis negative

Xaran. -Firstedegres geonnd-glass appearanee not qaite obliterating the coarse

linear markings,

aned the apices remaining quite elear,
Diagnosia. -~ Farly asbestosis without symploms complieated by hvpertensive

heart diseaxe.
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Is.  Rather long chest; expansion, 2 inches. No change in
SO before, immediately after, and 2 minutes after functional
silien, 3.2 mgg per 100 ee (21-hoar catpat, 353 mg).  Routine
s speeific gravity 1,022,

Note the fine, close-set reticutar markings just olf cach hilum
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FIGURE 44. —EARLY ASBESTOSIS. WHITE MALE. AGE 39.

Oceapational history. - Mule sapinner (asbestosy, Inst 15 vears; roving atfendant
(nxbestos), 1 oyear: nowdnsty trades, 8 vears,

Istimabed dust erpasore, o Weighted gverage, 3000 million particles per eabie
foot. (I Million particle vears, 168.2.

Past wmedienl.—-Shrapnel wound right parietal region of head, October 1918,
Bilateral pneumonia as a child,

Com plainis-—Slight weikness,

Physical s rawinatinn.  Tatermediate build, fairly well nonrished, Height, A6 ]
nehes; weight, 111 pounds, Chest expansion, 34 inches.  Rlocd pressare, 136 N2,
Pulse rate, 83, 120, and 84, and respiratory rate, 16, 24, aned IS (respeetively

i before, immediately after, atd 2 minutes after functional exereise test).  Infer-
l mediate ehest type with slicht inerease in A- 1 dinieter of chest. Few nonper-
. pistent eracklimg rales at right base.  Ashestos corn on palmar surface of left
; wrist.  Slight evanosis of lips and nails. A dusky red east to ears. Sputum

negative for B8, Cabe realosis and ashestos bodies,  Urinary siliea, 3.6 mg per i¥ cc
(21 hours, 21.5 mue),

Fluoraseopy. -~ Maderate (2 2} limitation of diaphragmatie excursion, Iila
mderately inereased in size and density.

Noray.  Note the firstadegree grainy or gronnd-glass appearanee, not abliter-
ating the linear markings, giving general retienlar appearanes to Tung fields.
Cienernlized tibeosas 0

Ihuynu.\‘l.\, AT CE IR R
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FIGURE 45.—MODERATELY ADVANCED ASBESTOSIS. WHITE MALE. AGE 46.

Orenpational history.  Broadeloth weaver (asbestosy, 7 vears 3 months, Pre-
vionsty in nondnsty trades, 137 vears inehiding 10 vears as farmer.

Estimated doust expogure—-tn) Weighted exposare, 1S mitlion partieles per eubice
foot.  (b) Million partiele vears, 109,2,

Past medical -=Tonsilectomy, 1915, Pleurisy, righi, Mareh 1926,

Compluintz~=Dry, hacking morning eough for 3 vears prodicetive thick mueoid
spmtium, Stight dvspnoen, 2 1o 3 vears, Blood=tinged spoitinun.

Phasical cxamipation - ~Hleight, 70t 2 inches,  Weight, 160 ponnds,  Blood pres-
sure, 150 82, Pulse rate, 72, S8, and 685 respirntory rate, 21, 28, and 21 (hefore,
immediately after, and 2 minutes after funetion-l esercise tesh, Patient com-
pleted ondy ahont ladf of preseribed exereise. Chest expansion, | inch,  Shoulders
comewhat roumled.  Crackling riles heard over both lungs on guiet breathing,
and these persist after eongh; 20 curved finer naitz; 3.1 e siliet per 100 e
t=ingle specimen), )

Flavrasenpy. - Left side of diaphragm moves mnope freely than right; 2 limita-
tion of exeursion, especially on rieht.

Varay—-Shows seeotd-degree gronmd-glass appearanee abliterating wsaal linear
pulmonic markings, 1 also shows preponderanee of tilirosis in the bases of ang
and shagey appeoaranee of heart shadow,

Dinguosis.  Ashestosis 3 tioderately advaneed),
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FIGURE 46. - MODERATILY ADVANCED ASDBESTOSIS. WHITE MALE. AGE 40.

Ocenpational history.  Muke spinner (asbestos), last 13 vears; nondusty trades,
1V vears: idle, ', vears.

Fstimated dust crpocie. tmy Weighted avernse, 135 million particles per
eubie foot . (b Million particls vears, 175.7.

Past medieal.  iflucnza and poeameonia, 1919, Freguent disabling coleds,

Complainls,  None.

Physical coamination.- Infermediate white mede. [eight, 70V5 inches: weight,
136 ponnds. Intermedinte chest shape: expavsion, 2 inehes, Pry, musieal riles
over buses of Inngs. Urinary siliea, 5.6 mg per 10 ce 2 1-hoir output, SO g,
Sputntm not examined.

Fluncoxeopy. - Showed . <light limitation of diaphraginatic exenrsion right and
left with first-degree ditfuse gronnd-glass appearance of the lnng fields,

Nevay. - Shows Afirstedegree granular appearance not obliterating the linear
marking<. It illostrates the fine reticolar fibrosis as-acinted with this condition
and the tendeney (o he most dense at the bases of the ungs.

Diaguosis. - Ashestosis 3,

o £
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FIGURE 47 — MODERATELY ADVANCED ASBESTOS!IS. WHITE MALE. AGE 49.

Neenpational history.~ Mule spinner (ashestos), 25 years, working 10 to 11 hours
a dayv; nondusty trades, 9 vears.

Estimated dust erposure. ~(ay Weighted average, 7.9 million particles per
enbic foot.  thy Million pacticle years, 221.2.

Past medical.  Typhoid fever ab age of P Influenza, 10180 Dry plenrisy,
right in 1931 second attark in 1933 on left. More than average number of chest
colds cach year, Kiduey eolie, 1931,

Complaints, Slight dyspnoca, espeeially in climbing stairs,  Slight morning
congh past 2 to 5 years productive of sinall amount of white frothy ~putum.

Physical cxaminntion.-- Tall, fairly well-developed man.  Height 70 inches, and
weight, 172 pounds.  Blood pressure, LSO, Palse rate, SO, 100 amd 805 respir-
atory rate, 24, 32, and 21 (respectively before, inmediately after, and 2 minutes
after functional exercise test),  Chest is long, and well developed with some llaring
of the costal margins.  Chest expansion, 1'% inches.  Numerons crackling riles
at bases on deep breathing and aftee cough, Sputum (single ~pecimen) was
negative for acid-fast bacilli and azhestosis bodies.  Urinary silica, 3.2 mg per
100 ce (21-hour output, 23.0 mg).

Fluoraseopy.--Diaplicagm alnost fixed and lung tields interpreted as ~slowing a
first-degree gronnd-glass appearance.

X-ray.- -Note the fine grainy or ground-glass appearance faicly well limited
{o the lower twosthirds of cach luug field.

= Diagnosis—-Asbestosis 3.
Fe i
e
I
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FIGUREL 48. - MODILRATULY ADVANCGED ASOFSTOSIS. WHITE MALE. AGE 39.

) Ocenpationnl history.  Broadeloth loom room (ashestos), 14 vears; nondisty
trades, 7 vears,
Fistimaded dust orposure. (a) Weighted average, 497 million partickes per
cubic foot, (b Million purticle vears, 4507,
; Past wedienl. Rilateral puewmonin as a child. Sinns diseg~e for the past 2
vears. Fyphoid fever, 1911,
LComplainte - Dry, hacking, mornimg eough produetive of 2 onnces of white,
viseid sputum, pa~t 2 vears. Shortuess of breath, 23 veurs,
Physical cxamenation - - Fairly well-developed, slender, white man.. Tleight, 72
inehes: weight, 163 ponneds.  Blood pressuare, 100770, Pulse rate, 68, 76, and 68,
« Respiratory rate, 21, 30, and 30 (hefore, immediately after, and 2 minntes after
funetional exercise test), Chest s Jong, slender type.  Fxpansion, 1% inches.
Heart sounds are distant with o pulmonie second conmd somew bat aceentuated,
Fluoraseopy. - Peaking of the diaphragm both sides. 3 em exeursion upon

= foreed respiration.
Fe o Nevag. - Note the deformity of diaphrasgm. This ense is the only oue showing
N definite deformits in the eronp. The lung ficlds were interpreted as showing
T peconmdedegres dilluse prainy or gronnd-gliss appearanec with emphyseia,
et Dingaosis. Moderately advaneed asbestosis (asbestosis 3.
i
' Rs = o
!
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FIGURE 49. —ADVANCED ASBESTOSIS. WHITE MALE, AGE 48,

Ocrupational history. - Mule <spinner (ashestos), 177 vears (17 vears in same
room with earding machines; 11 vears he worked 11 honrs o days nondasty trades,
17 vears,

IZstimated  dust crpocure. () Weighted  average, 106 auillion particles per
eubic foot. () Million particle vears, 103.8,

Past medienl. Freguent chest eolds,  Aerophagia for several vears. Malaria
about 1926, Inllnenza, 1929 and 932,

Campluints. -Congh, 6 vears” doration, possibly somewhat improved sinee
quitting work in ashestos,  Severe paroxvsis of eongh in morning, eansing him
to vomit freguently and prodaetive of small amount of tenacions mueoid spatam,
Moderate dyspuoea sinee 1925, auehanged.  Lost 13 10 20 ponnds in weight and
assovinted weakness before gquitting work in ashestos,

Phuysieal cxamination.  Stender fairly well-developed  and nonrished  white
male.  Height, 68 inches: weight, 131 pounds. Rather long narow  chest,
Chest expansion, 11 inches.  Tactile and voice fremitus apparently normal,
Slight jmpaired resonanes lowere hall of each Jung.  Nwnerous persistent drey
erackles mostly aver lower portions of lungs,  Faint breath sonds lower one-

hall vight and eft: 1 - enrving of finger wails. Blood pressure, 135 80,0 Pulse”

and respirntory rate, respeetively, 72, 100, and 68 and 28, 32, and 28, (before
inunedintely after, amd 2 minates after the functional exercise test). Maderate
dyapnoea following this exereise. Prinary siliea single specimeny, 2 g per 10
ce. Sputom nepative for acidfast bacilli and asbestosis bodies,

Fluoroseapy, 20 b of dapheagmatic eseursion right and Teft. Rather poor
rietiolaerney fower b fietds,

Neran,  Shows second-dearee graing appearanee with alimost complete obliter-
ation of linear marking~,  Geneealized librosis 2 1-,

Diaguasis.  Well-established ashestosis,
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FIGURE 50. ADVANCLD ASBESTOSIS. WHITE MALE. AGE 55.

Ocenpational history.  Preparation department Gosbestos), 1 vears; nondusty
trades, 27 vears,

Extimated dust exrposoce. (ay Weighted averaee, 389 miilion particles per
cubic foot. (M Million particle yvears, 515,

Puast medienl.  Maxillary sinases drained in 19300 Fyephoid fever as a child,

Camplaints, Dy eough, 10 yvears, prcduetive of 2 ounces of white, thick
sputum over a period of 20 hours, Rather severe dyspnoea, 3 sears. He minst
walk very slowly to prevent dyspnoea. Oceasional cdema of ankles for the past
4 years.

Phyzical craminatioa —-Height, 66 inches. Weight, 132 poands<e Blood pres-
sure, 112 700 Moderate arterioselerosis,  Pulse rate, 72, 80, and 68, Respiratory
rate, 48, 34, and 81 ihefore, immediately after, and 2 minutes after funetional
exercise testy, Putient stopped on completion of about ane-half of preseribed
exercise, bhut expresséd a0 willingness to continne, Cliest expansion, 2 inches,
Breathing i« bored and shallow.  Protonged expirntion.  Fine eraekles apprear
over the lower halfl of hoth Jungs after conghing.  Heart is enlarged to the left
with the aortie second sonnd somewhat more prominent than the pubnonice
seeond, PFirst sound at the apex is split and is partienlariy snapping clsewhere;
2 b enrving of the fineer nails,

Fluoroseapy,  Nortie -hadow is delinitely widemed, The eardine shadow shows
15 inerease in size. Dinphragie on ordinary breathing moves o seant 1 oem;
3 enon foreed exenrsion,

Neran.  Shows dilluce gronndeglass appearanec. Note that most of the dis-
tinetlyv linear markine < have been obliterated,
Diagnoxis.  Advaneed asbestosis,
LR TN S 4
) . ".w_"" -t
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FIGURE 51.--ASBESTOSIS WITH FIBROID TUBERCULOSIS. WHITE MALE AGE 3s.

Ocenpational history.- Mule spinner (asbestos), 11 years S months; nondusty
trades, 12 vears,

Extimated dust cxpoxnre—iay Weighted average, 7.9 million particles per enbie
foot. «m Million particle vears, SX.5.

ast medical, - Reccived sanatorinm treatment for tuberenlosis 8 months in
10930, Hadd poeamaonia as a child. Appendectomy in 19146,

Camplainis. -Dry congh past 5 years, worse at night. Siight dyspooea, S vears,

Physicol examivation, - -Very thin man.  Weight, 131 ponnds. - Blood pressure,
100 70, Pulse rate, 72, S0, and 68, Respiratory rate, 16, 16, and 20 Qaefore,
inmediately after, and 2 ninutes after funetional exereise testy. Asthenic type
of chest.  Some deformity of chest due to seoliosis,  Chest expansion, 112 inclhes.
Breath sonnds are slightly inereased over the extreme right npper. Very few
dry rales right supra-seapula fossa. Heart: The pulienie seeond sound is much
greater than the aoetie saeond.

Fluarasenpy. —Diaphragm moves freely and equally on both sides.
respiration, exeursion is 3 ety on right and 4 em on Teft.

Dingnosiz.- Moderately advaneed asbestosis with arrested fibrotie tuberculosis

On foreed
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INCIDENCE OF ASBESTOSIS

Preceding seetions of this hulletin have stressed the importance of
the Xeray findings in establishing o dingnosis of ashestosis. The
renson, of conrse, i< that X-ray examination is the most direet means
now available for deteeting the primary effeet of inhaled ashestos dust
on the boady; namely, initiation of interstitial fibroziz of lung tissue,
('Insmhrmnn of ashestosis into a series of stages which follow one
another in their developnent is a diflicult matter beeanse it depends
to n great degree on the interpretation of relatively minor changes in.
the Jung-field markings.  Other investigators have encountered the
same dificulty. Tamza, MeConnell, and Fehnel (17) ) and TFulton,
Dooley, Matthews, and Houtz (153) set up a eategory of doubtful
eases of ashestosis. Stage 1in the accompanying tabulation more or
less corresponds to their eategory of doubtful eases. Tt comprises
cases in which dingnosis rests largely on Xeray evidence.  Stage 2
represents early enses of nshestosis, and stage 3 designates mmlomtol\'
advanced enses. More advanced cases (stage 4) are relatively
infrequent.  Stage 5 was reserved for hed-ridden cases.

Panny A= Relation of ashestosis to lung-field markings

i Stages of ashestosis I
. . L Asbestonis « e
X-ray fmdings ahsent Total
] 2 3 4

————— et i - — el e e ————— f—— - —— e ———— —— ———
Total.. ... oo | a2 21 " ' " | 7 445
Fipstodevree linenr L l AL T S | R : .. l sl
fegrer hinear | 4] 1 L] L) 1 Y

spee ponned p 6 13 2 ) 4

fepree unumlu 4 PO 1 i ) ! o 20

1

Table 41 illustrates the relationship of stages of ashestosis to the
X-ray finding=.  Although dingnoses of early stages of ashestosis were
occuslnnnll\' made in the absence of definite ground-glass Tung-field
markings when cough, dyspnoea. and objective findings were present
in sufliciently advanced degree, diagnoses of the Iater stages of ashes-
tosis were not made unfess unmistakable ground-glass markings-were
present in the lung fields,

S The incidence of ashestosis inereases rapidly with inereasing dust
%_;:} exposure, A Gt of the workers with an exposure of 50 to 99 million
o= par cele vears, and hall of the workers having an exposure of more

than 100 million particle vears had ashestosiz. I comparisonwith
anthraco-silicosis these are exeeedingly low dust-exposure values
(x9)
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The relation of ashestosis to dust concentration and levzth of em-
plovment. in table 13, is o great practical importanee beeanse it
shows what working conditions are most likely .to eause ashestosis
and how long o peried of exposure may clapse before the disense
becomes evident,

Tanne 12 Nedation of ashestosiz o lolal dust crposure

Aillion goarticle sears
Diacnosis H i Total
Tossthant ae 419 ‘
25 =

]

|

Essentinfly nonnal, i o " Xt
Asbestasis Lo 5 2 l
Ashestewic 2.0 e e e 0 LI
Asbestosis 3.0 - n 1} ]
Ashestosic 4. . 0 i

Totnl. o .. ...t

¢ My pwrsons W hose e posiee could not e estineated and 2persons with active prrlmanary tubeccilosis hase
bt exclisdeed fromn this table,

TanLe 13- Oceurrence of ashestosis in relation to dust concentralion aned lingth of

employment
PERCENTAGE WITH ASHBESTOSRIS

Years in nsbestos industey

st expwstire, million particles per eubic oot - N

: Dto 1Yy ERTRIA i Over 10

"\Ih-('twl. . 2 n
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ll'oru-mm:c“ . "y 57

l.\"l""l‘ll.. PO (] it

LT L X TR p1 Y T\ | SO - i "
{Berorminge. . . ", L1

I‘\ flected L] pil

Over 0. e i iiaaae Foaposeed o . (K1) W
Peecentiee .. l L 3% 0

The pereentage of persons with asbestosis inereases greatly with in-
creasing length of employment.  Lanza, MeConnell, and Fehnel (17)
reported a similar trend; their pereentage values are higher than these.
There are two explanations for the small number of persons employed
15 vears ov more.  This group of ashestos textile Tuetories has been
in operation from 6 to 16 years, and beeause of the relatively short
life of the industry in this scetion of the conntry comparatively few
persons have been exposed to nzhestos dust for a long time.  Another
explanation is suggested by the fact that almost three-fourths of the
workers cmploved more than 15 years have the early stages, at least,
of a disabling disease, asbestosis,  Sinee there is no satisfactory way
of Toeating and examining persons who drop out of an industry be-
ause of disability ineurred therein, the pereentage values of the
forecoing tables are necessarily minimal estimates of the presvalence of
usbestosis,

b A2
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The ineidenee of a<hectosis inerens

es with inereasing dust conecens

tration.  In theiv report of a cimilar study earried onin Pennsylvania

ashestos textile factories, Fulton. Dooley, Matthews, and Houtz (15)
found that 8 pereent of the workers exposed fo an averse dust con-
centration of 5 million particles per cubie foot had nshestosis; 22 per-

) -

cont of the 1T-million-particle group; and 57 pereent of the H4-million-

particle group had ashestosis,
.

THRESHOLD CONCENTRATION OF ASBESTOS DUST

From a practieal standpoint, one of the most important results of 2

medical and engincering stidy =ue

h as this ix the definition of safe

working conditions in the industry under study. Tdeally, a threshold
coneentration of dust should be the highest dust concentration that

would not produce preamoconiosis i or

during their entire working life.

as in most of the earlier studies of the

jginaliy healthy workmen
diffieulty in this study, -
Public Hedtth Serviee, is that

very few workmen are exposed for a long period of time to low con-
centrations of ashestos dust, Beeause of the importance of the

problem, it seems o he desieable

to use such data as arve at hand to

dofine tentative safe working conditions that may serve as standnrds
for the gnidance of factory managers and engineers until more complete

data are available,

In an analysis of this Kind the enses that ocenr ot relatively Jow dust
expostures are of especial signilicanee beeause they indicate what the
anfe limits of exposure may be. These enses must he examined indi-
vidually, as well a< statistieally, in order to be sure that there are no

unusual fentures that would complic
2.5 million particles per cubie foot,
offers no difliculties. None of the 39 pe
centrations below 2.5 million particles per cubic foot had a case of
of fact, only 6 persons had been
btful eases of ashestosis fell

ashestosis, although, as a nmtter

Dreessen and Others, A Study of Asbestosis the Asbestos Textile Indust 1938
y
} X y ( )

employed more than 5 years. Three dou
in the rnge 2.5 to 4.9 million particles,

Beenuse clean-cut cases of ashestosis we
contrations exceeding 5 million particles per enbie foot, and beeause
they were not found.at Jower dust concentrations, 5 million particles
per cubie foot may he regarded tentatively as the threshold value for
ashestos-dust exposure until better data are available.

Tn order to find out the levels to whieh
have been reduced in practice, an engineering study (7) was made in
an nshestos textile factory in which dust control equipment has heen
recently installed. Thiz shows that means nre already available for
redneing the dust exposure of a majority
to Joas than 3 million particles per eubie

ate statistieal analysis.  Below
the interpretation of table 43
reons exposed to dust econ-

e found only in dust con-

ashestos-dhist coneentrations

of a<hestos textile workers
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The data of table 43 provide a simple means of comparing ashestosis

with ather pnewmoconioses,

In a previousty reported study of the

Publie Health Serviee (1) i1 was found that workmen in anthracite
mines conld be divided into three groups which differed with respect

to the nature of the dust to which they were exposed.

The pereent-

Taney V- Derecntages of worl.ers exposed to certarn coneentrations of ashestos dust
in achestos tertile factories wheye dust eontrol measires are used to q inited ertent
and in factorivs where effselive dust control s practiced

gt ennesnteation
miflion  paricles
' -t erthie foop

[ (hver t0
At
23019
Fieer 23

Lintitedd Eatensive
e ool dhigst- agse af enest-
cantrol contenl

mensures ' measuees

101 7
™ 17
1 12

n 11

ety froam table 13,

Tt fen

M.

nees of men having any ~fage of antheaeo=silicosis (1, 2, or 3) have heen
tabulated separately for each group in relation o average dust con-

centration and length of employment.

In passing,

it may be of in-

terest to-eall attention to the difference hetween the pneumoconiosis-
producing power of the three kinds of dust encountered in anthracite

mines.

If one compares groups of men with the same dust exposure

and the same length of employment, in general the pereentage of men
with anthraco-silicosis increases with the free siliea content.

st eount in million poe-
ticles pwer cabie foor

Yoenaes in industey

hanlkseewas s
- [T UL Ty I TT [TIN |
condainegee bt 13

Yeurs in industey

;

Lass I . Lass I NPTV

than 3ot "N e isen ﬂ.:_:r

[H] \ = 1 -
Y [ [P SN ——_—a
Statd _. . .. . cew L 1.3 ot 0t a1 ol
LLLTE L1301 R [ ] L 560 0 " Kol )
A, L L. n N, A | i (4 (@3]
Over o .. e .7 ! A%l LN ) ) (2]

P Fromn table i, p 76, Publie Slealth Buletin No, 221,

1 Lottt 10 men exaniined,

T3 -

Y2 men employed in l
whe |

TawrLy 45.— Pevecntage of men haring anthraco-silicosis
! q

‘K workers  ex-
Ter sltast ennenin.
alwart X3 pweeeent
RYTITRTY

1l
~

Yearsin indlustry

e |
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thawe 151020 ”.:.:'
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e As inashestosis, the ineidence of pnenmoconiosis amones antheacite
%' » A
. miners inereases with inereasing leneth of cmployment,

There is o

much more definite inerease in the incidenee of anthraco-silicosis with

inereasing dust coneentration than there is in ashestosiz; probably

.
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L heeause men were exposed (o a much greater range of dust coneen-
trations in anthracite mines than in ashestos textile factfories.
In comparison with the three kinds of dust encountered in anthra-
cite mines, reltnvely low concentrations of ashestos dust and rela-
tively short lengthe of emplovment in the acbestos teatile industry
rosult in pnenmoconiosis, '
There was no free silien (quartz) in the dust eneountered in the
ashestos textile factories, :
According to table 43, 16.3 percent of 69 former asbestos workers
and 378 men and women emploved at the time of the study in three
ashestos textile Taetories had asbestosis.  (Persons who were not
exposed to appreciable quantities of asbestos dust have not been
included.)  Eight pereent of the 378 workers emploved at the time of
study had ashestosisc This does not completely represent the inei- .
denee of ashestosis heeanse about 150 employees were discharged from %‘
these fLietories 15 months before the present study was made. Muany
of the dischurged asbestos workers had asbestozis, as the reports of
Shull (31), Donneily (12), and McePheeters (23) show.  Although an
attempt was made to examine as many as possible of these diseharged
cases, only 69 cadd be examined, 43 persons of whom had ashestosis
acceording to the dingnostie standards employed in this study.  If one
aszumes that the number of persons employed in these factories was
the saime before these 150 persons were discharged as it was when the
study was made, and if one assumes that 62 pereent of all the dis-
charged cases had ashestosis, then 50 cases of ashestosis eseaped
observation.  Adding these to the 73 that were found, dividing the
sum by 447, and multiplving by 100 gives an estimated pereentage of
27.5. This is not an unusual pereentage value.  In numerous studies
of the dusty trades the pereentage of workers with pnenmoconiosis
has been formd to be between 20 and 25 pereent,. Fwo suely stidies
may be mentioned.  Of 7,722 miners and men seehing employment
in Tead and zine mines at Picher, Okla., who were examined in 1927--28
49), 21.3 pereent had silicosis. Ina study of anthracite miners (31),
The prevalence of anthraco-silicozis among the entire group of cm-
plovees was fonnd to be about 23 pereent.”
Other investigators have reported the incidence of ashestosis in
I ashestos textile factories.  Lanza, MeConnell, and Fehnel (17) re-
l ported, “Of the total of 126 X-ray examinations, 4 were diagnosed s
second-degree ushestosis, 63 as first degree, 39 as doubtful, and 20 as
negative.”  The persons he studied “were selected moie or less ot

e i random from amonge those having more than 3 vears of employment
b , in the indostry” Sinee Lanza did not examine all the employees in
e~ b the factories he studied, pereentaze values eadenlated from his data
are not diveetly comparable with rute of incidence for the present <tudy,
]
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Fulton, Daoley, Matthews, and Hontz (13) noted that *Ashestosis
was found in 11 per ons (12 men, 2 women), or 25 pereent of (he
exposed group,” '

INCIDENCE O ANBESTOSIS IN DIFFERENT ocoup ATIONS

The pereentage of perons alfeeted by asbestosis varies in diflerent
acenpations. The numbers of persons emploved in many of the
veenpational groups are so small that cantion must be exereised in
making comparisons, but the data seem to be of sufficient interest
to warrant publication.  Classified by departments, (he preparntion
department has the hishest pereentage of ashestotie persons.  (ard-
ing is the principal ocenpation in this department. Although only 8
of the 72 carders had been employed more than 10 years, 20.2 per-
cent had asbestosis. Floven enrders had advinceed ashestosis.  No ¥
other occupational group had <o large o proportion of advaneed cases. S

¢,

TAnLE 6.—Nwmher and pereentage of woeleors haring arhestosis, elussified aeceord-
ing o e prctment and aceu pntion

—— e . -- T e e

' Number with ashectonis
Ntber | Pereent | " ———
Department and secupation | rm- with rs. '

ployed | bestosis Staees 3

Staee t Stage 2

Prepacation ... .. ..

Crushere e e
Willoswers aned shakermien

Pickers anet pilers .. ... . .
Carders. L

Spinning, rwisting, and winding .

Mule andd ring spinmess
Twisters . e
Voarn cpuweders and winedere
Cordeps .

Wisvine

CWthweweee

T e aned brake lining w envers.

Ceeelers . 0 ... i
Finishine . . S emeeenei e el el i

I gwetors, calendeeers, nnd tinisher« '

Formers el grindere. | .

tned atiliey L

Snperintendene A
leldaboe 0 7

Shipping ined ongs
Ot ev aived o hoex

Towal .0 .

In the spinning, tu isting, and wWiteling department, the mule and
ring spinners have a hicher proportion of ashestotic persons than the
aversee, 206 pereent. Pwenty of (he sixty-live mule and ring
spinners had heen emplosed more than 10 vears,

A thind oceupation with an exeessive prevalence rate for ashbestosis
i eloth weaving, in which 256 pereent of the workers are affeeted.
Only 3 of the 42 workers had been emploved more than 10 years,
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witish inyestigatonr Bave fennd ashestosis mov
than it was in the United States. He ndds
probably more apparent than enl. el and Smith 20) have res
ported 3 fatal cases whose duration of employment in
mills was 110, 17, and 21 years in occupations having
of the order of dry weaving,  Steek (32) reported a
man 27 vears of nge who worked § vears as a carder
plant.  Egbert (13) has also given complete findin
inoa man30 vears ol azew I hosed worked 13 years ax n earder and who

died 4 years after enisel of symptoms and R1M

\ Average
geal | 0~

Moani-
mam

Numher |
death

More than 90 pereent of the raw mineral u
of ashestos textiles in this conntry and Great Britain is
chry=otile, indieating that very little difference
the standpoint of biologieal reaction in the two conntries.

suggest (hat the period of dust exposure before dis
ensues ix as short ns is the ease in silicosis.
Bridees (63) in the factory inspector’s reports
shown from year to year (table 47) that the dur
of fatal cases with ashestosis is only hall that of

LA
a2 8
1w
wa

Jdust concentrations in the various operations of ashe
of British praetice can be compared with results obin
try. no greater differences are found than exist in the inherent limita-
tions of the dust-sampling deviees. 1t would seem,
(uite negligible differences exist in the n
here nnd abroad with the possible exception of

[

Lanza (18) has ealled attenticn (o a point of inferest; 1

ANHESTOSIN IN GREAT BRITAIN AN N THE UNITED STATES -

pmely, that
o severe and menneing
Lint thi- differenee i~

n-hestos textile
dust exposures
fatal case in oy
i oan axbestes
of similar ease

TanLE 17.-- Silicosis and ashesioxis in Greal Britain
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(

vears after discon-

These exanmples of Amerienn fatalities, some in youne individuals,
ability or death

of Great Britain has
ation of employvment
enses with silicosis,
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- e o e -ema———————
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27 At
2.0 .7
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sedl in the manufactore

Canadian
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ined in this coun-

therefore, that

mifestations of the disease
aesocinted oreomplicat-
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PATHOLOGICAL FINDINGS IN ASBESTOSIS

Spectmens for pathologieal study were furnished  through the
courtesy of DroLo Rash Shall, Charlotte, N, C., and Dr. HL P Easom,
director of the Division of Industrial Hygiene of the North Carolina
State Board of Health,

The pathology of axbestosis is charaeterized by diffuse, interstitial,
pulmonary fibrosis and by the presence of ashestosis bodies in the
Tungs,

GRONS APPEARANCE

In gros< appearinee the Inngs vary in color from brownish to pale
gray.  Usually, they are not distorted like silicotie or anthraco-
silicotic Tungs unless an extensive amoant of long-standing fibrosis
is present. Often the lungs are lirm and heavy, but softer areas can
sometimes be felt on patpation.  Crepitos depends on the amomnt of
fibrosis.  The pleurn may be thickened and fibrous tags may be
seattered over the surface.  In the eanses deseribed in this report,
thickening of the pleara and the presenee of fibrous adhesions are
more frequently found on the right lung than on the left.  Adhesions
to the diaphragm are sometimes present,

On section, smally dark gray, irregularly shaped areas are seen on
the eut lung surface.  They are rather evenly distributed and they
are of approxinmately the same size.  Visible strands of connective
tissue of varying size run throngh the Inng parenchyma, forming a
more or less vegular, fibrous network, and enclosing the dark gray,
nodular areas and lung tissue which show alveoli.  Areas of well-
marked emphyzema arve noted in the apices and outer portions of the
lower lobes; n feature that was referred to in the discussion of the
X-ray finding=.  The bronehi and bronehioles appear to he distended
and their walls are often thickened,  In one ease, this Lronehicetasis
is most magked in the-upper lobe, partienlarly in the apex.,

Congested areas are oceasionally seen on gross inspeetion of somae
of the lung seetions. They are probably terminal.

The hilar Ivmph nodes are not markedly inereased in size.  They
are pinkish geay and contain about the nsual amount of anthracotie
pigment found in a city dweller,

MICROSCOPIC AFPEARANCE

The pleura, when thickened, is made up of adult fibrous conneetive
tissue cells. The collagen fibers are usnally well developed and may
show hyvalinization.  To some sections the thickened pleura is vasenlar,

(9t
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the blood vessels generally beinge sinall eapillavies. Aveas of varinble
size, containing anthracotic pigment, are oceasionally found in the
subpleural conneetive tissue, . .

Throughout the parenehyma of the Jung # diffuse interstitial fibrosis
is present, which varies with the ashestos-dust exposure of the indi-
vidicil, The sreas of fibrons fis<ue arve ireecadar or stellate in shape
and may contain small blood vessels, The cellular clements consist
of adult fihrous tisene cells, fibroblasts, some collagen, and often
mimerons macrophages. The strands of fibrous tissue represent an
inerease in the interlobular conneetive tissue.  The fibrosis is usualiy
rather uniformly distributed thronghont the entire lung,  In areas
of considerable fibrosic, ateleetasis 1s noted due to the contraction of
the fibrous tissue.  The alveoli occurring between areas of fibrosis are
generally distended and show a maoderate to marked emphysema,
The alveolar wall< are thickened by fibrous tissue, and in gome seetions
hyalinization and the Joss of nuelei occur, The alveoli arve lined by a
single luver of epithelial eellz, The bronehial walls and the walls of
the bronchiole~ may he thickened, and a slight (o moderste Ivmpho-
exvtie infilteation is present oceazionally. The smaller hronehi and
hronehioles wre Tregquently quite distended,  The walls of the <mall
bload vessel< are thickened, particularly the adventitia, which contains
an inereased amonnt ol fibrous tissoe. Seetions through emphy-
sematous hlebs show a faivly thick, fibrous, connective-tissue wall,
lined by single Laver of flat or low cuboidal, epithelial eells. The
blebs, measuring ax much as 7 mm in dinmeter in the specimens
studied, are appavently of bronchial origin,

Ashestosis badies are found in almost all parts of the pulmonary
tissue.  They oceur mest frequently in the areas of fibrosis and are
accompanied by a greenish black pigment. They are also noted in
the conneetive tissue about the small bronehi, in the alveolar walls,
and in the alveoli. NMaeropliazes and giant ecell< are usoally present
when the ashestosis hodies are found in the alveoli and often surround
or engulfl the hodies.  These cells also contain o considerable mmount
of anthracotic pignient, and the dark ereenish black pigment com-
monly found in asbestosis, A brownish yellow pigment in lesser
amountsis also present. The ashestosis hodies oceur in the Jungs in a
variety of shapes. The most frequent is a beaded rod with Jarge
rounded ends.  Spindle chapes with beaded centers are also nofed,
Rosette formation is relatively frequent. There appears to be no
relation between the number of ashestosis hodies and the amount of
pulimonary fibrosis,  1n one ease in which there i< exceedingly little
fibrosis; the a<hestosis bodies are particolarly numerons, while in
another ease, showing exfensive fibrosis, they are quite infrequent,
Fhese bodies arve golden vellow in colorand are stained blue with potas-
sinm ferroevanide, lowing the presence of ferrie jron. With this
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ctain some fine blae <trands< have been noted which are apparently
ashestos fibers in the process of heeoming ashestoris bodies, By the

vy

use of polavized lirht, fine fibees are often demonstrated in the tssoe
which are identilicd as asbestes. These may be seen in the peri-
bronehinl conneetive tissue, the interstitial connective tissue, the
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FIGURE 53. ASBESTOSIS BODY IN INTRA-ALVEOLAR CONNECTIVE TISSUE PRAC-
TICALLY NO FIBROSIS IN THIS AREA. CASE H-21. MAGNIFICATION 1,000X.
(ARMY MEDICAL MUSEUM NO. 52255.)

alvealar walls, and in the alveolar spaces. The blue staining fibers
and the ashestosis hadies are not visible when viewed with erossed
Nico} prisms.  Other fine ervstalline material is sometimes noted.
The presence of complieating tuberculosis is often diflicult to
demonstrate,  Unless enseation i well defined, the tubereles many
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resemble the developing fibrous nreas of ashestosis to n marked
degree. It is not easy in many cases to differentinte caseation from
old hyalinized conncetive tissuo in the stained specimeus.  In one of
the cases studied, the presence of acidfust bacilli in the alveoli and
connective tissue of the nlveolur walls without the presence of casen-
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FIGURE 54.--ASBESTOSIS BODIES ACCOMPANIED BY GIANT CELLS IN AN AREA OF

FIBROSED LUNG TISSUE. CASE H-21. -MA GNIFICATION 705X. (ARMY MEDICAL
MUSEUM NoO. 52253.) : 1

tion was observed. This could possibly be an curly tuberculous ! .
infection in the preinvasive stage, or it coulll well be a contaminating f -
nonpathogenie acid-fust bacillus. .

Samples of three varictics of asbestos (chrysotile, crocidolite, and %
amosite) were injected into_the peritoneal envities. of guines pigs,

- ’ . L
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using a technique developed by the Public Health Service for study-
ing the physiological behavior of dust. This method has been
described elsewhere (60).  All three samples of asbestos dust pro-
duced an inert type of reaction in the peritoneal tissue. On the
basis of this response, ashestos dust hins been considered to be poten-
tially harmful, espeeinlly when inhaled over .long periods of time.
Asbestos dust, like tale (43, 44), which also produces an inert reac-
tion, causes a diffuse, pulmonnry fibrosis as has been observed on
clinical and post-mortem examination of persons exposcd to these

dusts. )
SELECTED AUTOPSY CASE REPORTS

Case 11-21
(Figs. 55t %8

Male, white, aged 38 years.

" Cawse of death,~Myoearditis. )

Occupational history.—Worked for 12 years in the weaving rcom cf an ashesto
plant.  Prior to this he had worked in a cotton mill. '

Medical history—Confined to bed for the most part of his last 6 months of life
because of weakness, dyspnoca, and unproductive cough.

Pathological examination showed well-defined advanced ashestosis, evidenced by
much diffuse interatitinl pulmonary fibroeis, accompanied by ashestosis bodies,
emphysema, bronchicctasis, and bronchiolcetasis.

Chemical cxamination of lung tissue.~Sample from right lung—ash 3.3 percent,
silica 0.8 percent, silica in ash 18.32 percent. Sample from left lung—ash 3.8
pereent, silica 0.76 percent, silica in ash 20.13 percent.
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FIGURE 355.—CASE H-21. RIGHT LUNG. MARKEOLY THICKENED PLEURA WITH
FUSION OF INTERLOBAR PLEURA. DENSE FIBROUS TAGS OVER ENTIRE SURFACE.
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FIGYRE 56. -CASE H-21. LEFT LUNG. PLEURA MUCH THICKENED., FEWER
FIBROUS ADHESIONS THAN WERE NOTED ON THE RIGHT LUNG.
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i FIGURE 57.—~CASE H-21. SECTION OF RIGHT LUNG. ADVANCED ASBESTOSIS.
DISTENDED BRONCHI AND AIR SPACES AT BOTH APEX AND BASE. DifFfFuse
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Casc 1-23
- (Figs. 0 10 63)

Alale, Negro, aged 35 yenars.

Cause of death.~—~Pnenmonia.

Occupational hislory.—Worked as cleaner and sweeper in the eardroom of an
asbestos plant for 13 years prior to death.  Previously, roofer (asphalt), ¢ vear.

Estimated dust erposure.—~(a) 35.3 million particles per cubic foot; (b) miilion
particle vears, 458.9. ‘

Fluoroscopy.— Moderate (2+) lag of diaphragmn right and left; first degree
ground-giass appearance.

X-ray.—Note cbliteration of costophrenic angle on right. Moderate granular
appearance right base. Interpreted as commencing generalized fibrosis (tig. §9).
Note the definite evidence of fibrosis at the right base and obliteration of the

right costophrenic angle. This evidence of increased fibrosis and fibrous pleurisy - o

is also shown in the necropsy material (figs. 62 and 63).

Medical history—Influenza, 1918 (duration, 2 weeks). Frequent colds.
Medical history negative until 2 weeks before death when he develioped pneu-
monia. : - '

Physical examination.—Slender, colored nu'lle..'”"cight,_i'o% inches. Weight, .

151 pounds. Long chest; right side slightly- smaller. Expansion poor (1}4
inches). Moderate dullness over bases on percussion. Persistent crackling
riles over bases of lungs. Palpation and fremitus, negative. Faint breath
sounds over bases. Blood pressure, 140/00. Pulse rate, 76, 80, and 68. Re-
spiratory rate, 28, 28, and 24 (hefore, immediately after, and 2 minutes after
excrcise). Slight transient dyspnoen immmediately after cxercisc). Ashestosin
bodies in sputum. Urinary silica, 3.3 mg per 100 ce (33 mg per 24 hours).

Diagnosis.— Muoderately advanced nshestosis (stage 3) 15 months hefore death.

Pathological cxamination showed mexierately advanced ashestosis. A moderate
degree of diffuse pulmonary fibrosis and emphysema was noted accompanied by
many ashestosis bodies.  Acute dilfuse pneamonitis was present,

Chemical examination of lung lissue.~Sample from right lung—ash 2.69 pereent,
silica 0.44 pereent, silica in ash 16.3 pereent.
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THROUGHOUT THE LUNG TUBSTANCE.
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Case 11-25

(Figs. 64 and 63

Male, white, aged 27 years.

Cause of death.—Lobar pnentmonia.

Occupational history.—Began work at age of 16 years. Broadeloth weaver
(asbestos), 1 year. Truck driver, 3 months. Broadcloth weaver (asbestos), 2
years. Truck driver, 34ears. Broadeloth weaver (ashestos), 4 years.

Weighterd avernge dust exposure.—~49.7 million particles per cubic foot, or 347.9
million particle years.

Medical history.—Dast history negative. Had lnﬂuenm,.prior to death, which

developed into pneumonia.

X-ray examinations.—Films macde 15 months and 1 month (fig. 64) before death
showed first-degree ground glass which was interpreted as commencing generalized
fibrosis.

Medical ezamination.—The principal abnormalitics found on physieal examina-
tion 15 months before the death of the patient were second-legree curved nails,
sccond-degree cyanosis, and decrcased fremitus on both the right and left side.
The heart size and heart sounds were normal; blood pressure, 120/74.  On exercise
the puiso rate rose from 88 to 116 and 2 minutes later had fallen to 84. The
respiratory rate rose on exercise from 18 to 30 and returned to 22. The patient
had a chest girth at expiration of 37! inches and a chest expansion of 2 inches.
He was a thick-chested man 68! inches tall, weighing 195 pounds. Fifteen
months before death this case was diagnosed as carly asbestosis (stage 2).

Patholngical examinativn showed carly asbestosis. A diffuse interstitial fibrosis
with little emphysema and bronchiolectasis and numerous asbestosis bodies was
noted. Lobar pneumonia was shown to be the cause of death.

Chemical ezamination of lung tisswve.—Sample from right lung—ash 2.44 pereent,
silica 0.21 percent, silica in ash 8.42 percent. Sample from left lung—ash 2.44
percent, silica 0.27 percent, silica in ash 11.17 percent.
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FIGURE 65.—~CASE H 25. SECTION OF RIGHT LUNG. EARL

v ASBESTOSIS UM-
LUNG SUBSTANCE.
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SUMMARY OF MEDICAL FINDINGS

A medieal exnmination was made of each employee in three ashestos
textile plants employing 423 men and 118 women. These persons
were much younger than the average industrial employee and they
had been employed in this industry for relatively short lengths of
time. Almost hulf of these workers had been previously employed
in cotton or woolen textile mills. Only 23 persons had been em-
ployed in a trade in which workers are known to be exposed to inor-
ganic dust, and only 1 of these 23 persons had pneumoconiosis. For
this reason, it is believed, asbestos-dust exposure can be held respon-

sible for the cases of pneumoconiosis that were found in these three

factories.

Asbestosis is n form of pneumoconiosis caused - by long-continued
inhalation of asbestos dust. The primary effect of asbestos dust on
the body is to set up an interstitial, pulmonary fibrosis. This may
be seen at autopsy, and reports on three cases appear in the patho-
logical section of this bulletin. This type of fibrosis may also be
detected by X-rany examination of the chest. On the X-ray film the
shadows cast by this type of fibrosis resemble ground glass in appear-
ance and usually extend over the lower portions of the lung fields,
frequently being heavier on the right side. Unlike silicosis, nodular
fibrosis has not been detected in asbestos workers. °

As in silicosis, the chief symptoms of asbestosis are progressive
dyspnoen, variable cough, substernal chest pain, decreased chest
expansion, emaciation, weakness, clubbed finger tips, and curved
finger nails. Most of these symptoms seem to bo the result of the
pulmonary fibrosis set up by inhaled asbestos dust, and the con-
comitant pathologic changes, such as emphysema, bronchiectasis, and
brouchiolectasis, which ean be demoustrated at autopsy.

The percentage of persons affected by asbestosis or by any one of
these symptoms depends upon the dust exposure. In all cases the
percentage of persons affected by any given sign or symptom of asbhes-
tosis is greater than in control groups of industrial workers who were
not exposed to inorganic dust.

A characteristic of ashestosis is the finding of asbestosis bodies in
the lungs and in the sputum. Although it does not appear from these
data that a finding of asbestosis bodies can be used to establish a
diagnosis of ashestosis, nevertheless it is evidence of asbestos exposure.

' (116)
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Only three enses of ashestosis, all of them dingnosed as doubtful or
horderline enses, were found to be exposed to dust concentrations of
less than § million particles per cubic foot. (These threo individuals
had dust exposures of about 4 million particles per cubic foot.) Above
5 million particles per cubic foot, numerous cases of well-marked
nshestosis were found. 1t woiild seem that if the dust coneentration
in asbestos factories could be kept below 5 million particles (the -
engincering section of this report has shown how this may be ac-

complished), new cases of asbestosis probably would not appear.
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ANNOTATED BIBLIOGRAPHY

To facilitate reference to the papers listed in this bibliography, a
brief note has been appended to each citation which indicates the
kind of information that may be sought for profitably. So far as
possible, no_information that can be gained from the title has been
repeated in the nnnotation and consequently the length of the note
is no measure of the merit of the article. .

In the interests of completeness, a number of papers have been listed
liere which were not referred to in the text. The papers on lung cancer
as a possible complication of asbestosis arc an example. No cases of
lung cancer were found in this study, but it appears that it would be
n profitable thing to look for whenever nutopsy material is available
for study. For that reason papers dealing with the subject have
been included. ) :

. ENGINEERING REPORTS

“" 1. Annual report of the chief inspector of factories and workshops for England
and Wales. H. M. Stationery Office, London, England. 1910.

Contains a section on observations made by Dr. Collis on the effcets of

exposure to ashestos dust on 40 workers in an ashestos textile factory.

2. Bloomfield, J. J., and J. M. DaliaValle. The determination and control of

. industrial dust. Public Health Bulletin No. 217. 1938.

Discusses genernlly-accepted methods of dust quantification and methods in
use for controlling industrial dust.

3. Hatch, Theodore, and 8. P. Choate. Statistical description of the size prop-
erties of nonuniform particulate substances. Jour. Franklin Inst. 207:
369-387. 1929.

Gives statistical parameters for the ealculation of total surface area, volume,
and mass of a given distribution of nonuniform dust particles.

4. Fulton, W. B, R. L. Houtz, A. Dooley, and J. L. Matthews. Asbestosis.

Part 1. Tlhe collection and counting of dust encountercd in asbestos
fabricating plants. Pennsylvania Dept. Labor and Industry Buil. 37.
1934.
Discusses the mcasurement of ashestos dust and its physical properties.
Eungineering study of four plants.
Hatch, Theodore, and C. B. Moke. The mineralogical compuosition of air-
~ borue foundry dust.  Jour. Ind. Hyg. 18: 91-97. 1036.
A petrographie study of air-borne foundry dust aceording to particle size.
Composition of dust reported to vary with size.
A. Hurlibut, C. 8, and C. R. Willinms., ‘The mineralogy of asbeston dust.
Jour. Ind. Hyg., 17: 249 293. 1935.
. Dixeusses the composition of settled dust samples obtained in factories
manulacturing ashestos textiles and other ashestos products. '

(118)

Ll

o

Gt

Published by AsbestosClaims.Law

asbestosclaims.law/library/11365/126


https://asbestosclaims.law/library/11365/126

8h

119

Page, R. T, and J. 1. Bloomfield. A study of dust eonfrol methods fn an
asbestor fubricating plant.  Publie Health Reports 82: 1713 1727, 1037
*This investigntion included a xtudy of ntinospherie dust concentrations in
the factory workrooms, and a study nf the exhnust kystems used to remove
ashestos dust.” ’
ARBESTORIS

. Alwens, W. Uecber Ashestore der Lungen.  Miinchener med. Wochenschr.,

- 8.

82: 1797-1800. 1935, )

Xeray and medienl study of 35 cmployees of a Germon asbestos {extile
factory. 22 cases of ashestosis were found.  X-ray examination showed
flocculent markings but no nodnlation,

di Biasi, W. Zus puthologischen Anatomie der Lungennshestose.  Archiv
far Gewerbepath. und Gewerbehyg., 8 139-155. 1937,

A 50-yvear-old man employed 21 yvears in an asbestos factory died of eireula-.

tory insufficiency after seeking treatment for shortness of hreatlhi. On
autopsy the right side of the heart was enlarged. There were pleural
adhesions.: The fibrosis cen on gross inspection and confirmed on his-
tolugical examination wax most extensive in the lung bases. Sundius and
Bygden (41a) have reported on the ashestosis bodies found in this case.

Buresch, Anncmaric. Pneumonokoniose, Berufskranklicit und Lntschiidi-
gungspflicht. Deutsche Med. Wochenachr. 57: 1100-1102; 1247-1249.
1931. ' - .

A 47-year-old man, employed 26 yvears in an ashestos factory, sought treat-
wment for disabling dyspnoca, cardiac insuflicieney, and cough. Clinieal
and X-ray findings characteristic of asbestosis are described in detail.
Dicd as a result of right ventricular insufficiency. = Post-mortem exam-
ination revealed pulmonary fibrosis, marked hypertrophy and dilatation of
the right ventricle and little hypertrophy of the left ventricle.

. Covke, W. E. Pulmonary asbestosis. Brit, Med. Jour. 1927 (Vol. 2):

10.

12

1024-1025.  1027.

A 33-year-old woman cmploved in an asbeston factory over an 18.vear
period “complained of cough, dyspnoca, expeetoration, and lassitude.

" An X-ray plate showed extensive fibrosis, more marked in the right lung,
two caleareous glands at the root of the left lung, and {wo small calearcons
particles in the base of the left lower lobe.”” On autopsy, dense plcural
adherions were found.  “On seetion the [right] lung is scen to be fibrosed
and to a large oxtent airless, the lung tissuce being replaced by fibrous
tissue.” Calearcous masses and arcas of cascation and cavitation were
found.

Dewirtz, A. P.  Asbestwarzen.  Arch. . Dermat, u. Syph. 161: 1-5. 1930.

Description of the localization and the gross aud histologieal appearanees of

asbestos corns.

Donnelly, J. Pulmonary asbestosis.  Amer. Jour. Pub. Health 23: 1275~
1281. 1933.

Partial review of previous observations on the disease.  Includes case reports

on three totally disabled paticuts taken from a xeries of 15 cnses (4 iguren—

chest plates).  All but 1 of the 15 had at one time been dingnosed pul-
monary tuberculosis. :

Dounelly, J.  Pulmonary asbestogis: incidence and prognosis.  Jour, Ind.
Hyg. 18: 222-228. 19306.

Dexeription of X-ray films of 1531 ashestos workers.
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13. Egbert, D. 8. Pulmonnry ashestosis.  Report of n ense with neeropsy
findings. Amer. Rev, Tubere, 310 23-34. 1035, .

Autopsy report an eaxe deseribed by W. B. Soper (Amer. Rev. Tubere. 22:
571-584. 1030). White, 30-year-old male cmployed as an ashestos
carder 13 yvears complained of dyspnoea and blood-streaked sputum.

* No cough. Esamined and X-rayed on two oceasions before death which
resulted from eardiac failure. On autopsy “difTuse fibrosia of lungs in-
volving particulariy upper lobe of right and portion of upper lobe of left;
arrested tubercutosis; ashestosis bodies throughout lungs; few in tracheo-
bronchial 1ymph nodes.”

14. Ellman, P. Pulmenary ashostosis: Its clinieal, radiological, and patholog-
lenl features, and associated risk of tuberculous infection. Jour. Ind.
Hyg. 15: 163-183. 1933. ’
A 43-year-old nian employed in the eardroomn of an asbestos factory 9 years
became disabled on account of dyspuoea, accompanied by dry, irritating
cough and progressive anorexia, loss of weight, and clubbing of fingers.
X-ray and clinical examination. At autopsy this case was diagnosed as T
“advanced pulmonary asbestosis, complicated by tuberculous pleurisy.”
T A 3l-year-old woman employed 2 years making asbestos mattresses became s
' ' dyspnocic, wasted, and cyanotic. Died of tuberculosis. Autopsy find- - :
ings are presented. . .
: 15. Fulton, W. B., A. Dooley, J. L. Matthews, and R. I.. Houtz. Asbestosis. - S
' Part 1. The nature and amount of dust encountered in ashestos {abri-
cating plants. Part III. The effects of exposure to dust encountered in
ashestos fabricating plants on the health of a group of workers. Pennsyl-
vania Dept. Labor and Industry Bull. 42.  1935.
Report of a medical cxamination of 66 workers. Biblingraphy of 125
papers.
16. Gloyne, 8. R. The morbid anatomy and histology of ashestosis. Tubercle e eecs i,
14: 445-451; 493-407; 330-538. 1933.
Detailed description of pathological findings and review of literature. _
17. Lanza, A. J., W. J. McConnell, and J. W. Fehnel. Effects of the inhalation
of ashestos dust on the lungs of asbestos workers. Public Health Reports
.50: 1-12. 1035. Reprint No. 1685. :
Bricf deseription of the findings of an engincering and medical study made
{n an asbostos textile plant.  “X-ray films were made of 126 persons.’ S
18. Lanza, A. J. Asbestosin.  Jour. Amer. Med. Assoc. 106: 368-369. 1036. y
Brief description of some of the early obscrvations on the discase particu- ~
larly as scen in United Btates. Also notes on clinical picture and roent-
g genology. . .
‘\. 19. Lovisctto, Domcnico. Pulmonary asbestosis. Records of the Interna-
o . tional Conference on Silicosis held at Johanuesburg, Aug. 13-27, 1930.
% \ Studies and Reports, Series F (Ind. Ityg.), No. 13, pp. 506-500.
| Author's observations on workers handling pure ashbestos and ashestos
mixed with cotton or other vegetable duats. Coneludes that at least 5
yenars of expuosure reyuired to produce pnewmaconiosis; direct ratio be-
. tween quantity of dust inhaled and pueumoconiosis, Well-extablished
\‘ cuse may develop in 7 to 9 years and the disease can cuause denth after
13 years' heavy exposire.
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20,

22.

23.

24,

25.

26.

27.

28.

121

Lyneh, K. M., and W, A. Bmith,  Pulmounry nsxhestosis 11, Including the
report of a pure eaxe.  Amer. Rev. Tubere. 23: 643 660, 1031,

White male, 46 venrs bld, employed as an- asbestos enrder 11 years, rought
wedical treatiment for chest, pain, lose of weight (23 h.) and shortness of
bresth,  Nerny exnmination on 3 occasions during n S-year period showed
mottling in hoth s, Died as a regull of slow, eardine failure. On
Antopsy extensive filirosis, emphysema, and bronchicetasis were fouud.
Tuberenlosis was abrent.

MeDaonald, Stunret, Histology of pulmonary asbestosis.  Brit, Med. Jour.
1027 (vol. 2): 10251026, 1027, .

“The interstitin fibrosis ix sueh ax might be expeeted ns a result of a com-
bination of & pnewmuconiotic condition and a chronic tubereulous infec-
tion.”  The possibility that asbestosis boties may have been of plant or
animal origin may be excluded.  *“The hypothesis advanced is that these
badies are portions of asbestos fibros in the process of alteration and
absorption by hydrolysis, cither by direet chemieal action or by enzyines.”

McPheeters, 8. 3. A survey of a group of employces cxposed to asbestos
dust. Jour. Ind. Hyg. 18: 220-239. 1936. Reporis “the results of a
survey of 210 persons exposed to asbestos dust.”

Martz, I.. Ashestosis and Tuberkulose der Lungen. Zcitschr. {. Tuberk.
72: 11-15. 1033,

Arbestosis complieated by tubereulosis was found in a 30-year-old woman
employed in an ashestos factory during a 12-vear period.

Merewethier, E. R. A. A memorandum on asbestosis. Tuberele 13: 69-81;
109-118; 152-159. 19033.

A comprehensive review of British studies of ashestosis, including economie,
mincralogical, and medical historical facts, main features of the discase,

asbestosis bodies, correlations with dust exposure, risk of tuberculosis,

preventive measures, and compensation.

Mills, R. G. Pulinonary asbestosis: report of a case. Minnesota Med. 13:
495-499. 1930. ' -

A 58-year-old man exposed to asbestos dust in & mine 17 years previously
was admiticd to a hospital where he died of heart bloek. Marked lung
fibrosis was found on autopsy. Asbestos fibers and asbestosis bodies were
found on microscopic examination.

Mussa, Giovanni. Clinical and radiological notes on pneumoconiosis due
to asbestos. Silicosis—records of International "Conference held at
Johannesburg, Aug. 13-27, 1930. Studies and Reports, Series F (Ind.

* Hyg.), No. 13, p. 500.

The X-ray shows “arborization distributed bilaterally in the hilar and peri-
hilar zones which in most advanced cascs considerably reduces transpar-
eney. . Semctimes there is infiltration of the bases.”

Oliver, Thomns. Clinieal aspeets of pulmonary asbestosis.  DBrit. Med.
Jour. 1927 (Vol. 2): 1026-1027. 1927. : .

Casc histories of “two women who are the subjects of pulmonary asbestosis,
one nged 48 and the other 39.”

29. Pancoast, H. K., T. G. Miller, and H. R. M. Landix. A roentgenologic

study of the cffeets of dust inhalation upon the lungs. Trans. Aasoc.
Amer. Physicians 32: 97-108. 19017, ’
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The X-ray aspects of 137 individuals exposed to organie and inorganie dust

4 are prosented.  OF the gronp exposed to inorganic dust 13 weee asbestos
workers.  Shadows almost invariably first appeared in the right fung on

a level with the hilus shidow,  The appearance of the sindows is reported

“softer and less sharply defined”” in asbestos workees. A good deseription

is given of the three stuges which the authors recognize in the progress of

pneumoconiosia.

30. Schuster, Norah . Pulmonary ashestonis in a dog.  Jour. Path. nnd Ract,
34: 751 757, 1030

A dog kept in an asbestos factory 10 years “had suffered for two yoars: from
congh and dyspnoen, and for xix months from progressive wasting. The
dyspnoea became so distressing that he was destroyved.”  On examination
of the ungs diffuse fibrosis, bronehicetasis, phagueytosis, and asbestos
fihers were found.  Ashestosis bodies were not found.

30a. Sciler, H. E., anit M. D). Gilmour. A case of pulmonary asbestosis.  Drit.
Med. Jour. 1931 (1); 1112-1114. 1931,

A 42.ycar-old man cmployed 23 years in an ashestos factory as a carder,

- dry-cloth weaver,"and in the manufacture of millboard, sought treatment
for ‘‘congh, breathlessness, loss of weight, and lnssitinde.  Radiographie
examination revenled o diffuse fine mottling of a silicotic nature spread
throughout both lungs.  The patient who is the subject of these notes

has died, and the fact that pathological examination showed that death

was due solely to cardiac failure secondary to back pressure resulting from

the massive gencratizerd fibrosis and irrespeetive of any added infection is

v an additional point of interest in this case.”
31, Shull, J. R. Asbestosis: a roentgenologic review of 71 cases. Radiology
i 27: 279-292. 1036. _
) Results of medical examination of ashestus textile workers. Two autopsy
reports. ) - :

32. Stock, G. A. Pulmonary :sl)csto:is. Med. Bull. Veterans’ Adm. 10:
126-129. 1933. <

A 27-ycar-old man, employed 8 years as an ashestos carder, was admitted to
a hospital beeause of shortness of breath and chest pain.  He was under-
weight and had poor chest expansion.  No pulmonary tuberculosia present.,
“The post-mortem dingnoses were: Pucummonia, aente fobar; pucumoco-
niosis, all lohes of both lungs; pleurisy, chronic, fibrinous, right, and chronie
fibrinons with adhesions, left; interlobar, left; hypertraphy and dilatation
of the heart; appendicitis, chronie.” Histological examination revealed
ashestosis bodies and fibrosis.

33. Stroche, H. Bericht Gber den Fall von Lungen-asbestosis, welcher der
Arbeit des Herrn Prof. Beger zugrunde liegt.  Virchow's Archiv. f. path-
ologische Anatomic n. Physiologic 200: 354-357. 1933.

33-yvear-olil man cmployed in a German asbestos factory 20 years complained
of dyspnoea, bronehitis, and loss of weight. X-ray examination showed

- fine, locevlent markings in middle and lower portions of lung fields.  Died
of heart failure.  On autopsy, found fibrosis, emphysema, and asbestosis
bodics.  No signs of tuberculosis.

33a. White, T. P. Pulmonary asbestosis. Trans. Med. Soc. State of North
Carolina.  1933: 259-262. 1033,

*A L3-year-okd man employed 9 vears in an ashestos mill sought medieal

s treatment on aceount of xhortness of hreath, nonproductive cough, and

R slight loas of weight.  All symptoma lucreased in severity as time went on.
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On X-ray examination 9 vears Iater “The lung ficlds are negative for

Auberealosis.  The examinntion shows a marked, widesprend  fibrosis
throughout Lioth ehests which reaches the periphery. The heart outline
{x entirely obseured by dense fibrosis and the eardin-phrenie angles are
obliterated.”  The exncet beart measurements ennnot be determined be-
cauxe of the shagginess of the heart outline but the heart ix definitely
enlarged.”

34. Wood, W. B, and D). 8. Pnge. A case of |mlmonnr.\" asbestosiv: Death from
tuberenlosis two years after first esposure to the dust.  Tuberele 11:
157-158.  1930.

A 21-year-old woman employed 15 months as a gpinner in an ashestox factory
sought treatment for “anorexia, weakness, wasting, sl pnin in the right
side of the chest of three menths’ daration,  She denied having cough or
expectoration.  There was no radiographie evidenece of pneumoconiosis.”
On histologieal examination of the lungs, “in the fow sections examined in
which tuberenios lexions were not present, the asbestos together with
a large quantity of blnck pigment was generally surrounded by n little

fibrous tissue, but there was no gross fibrosia.””  Ashestos fibers and as-.

bestosis bodies were found.

Wood, W. B, and S. R. Gloyne. Pulmonary nslwsiosis; a review of one
hundred eases.  Lancet 227 (2): 1383-1385. 19034.

Of 100 ashestos workers who sought inedieal treatment, 53 had uncompii-
eated ashestosis, 21 had asbestosis with active tubereulosix, 9 had as-
bestosis with obsolescent tubereulosis, and 17 were diagnosed as doubtful
cases of ashestosis. “Scptic bronchitis, broncho-pneumonia, and pul-
monary tuberculosis are the commoncst terminal complications of the
discase.” '

&
SJl

ASBESTOSIS BODIES

36. Gloyne, 8. R.  The presence of ashestosis hodies in the facces in a case of
pulmonary fibrosis. Tubercle 12: 158-159. 1931.

“The facces were emulsified with four or five times their volume of 5 per cent
formalin in raline. The emulsion of the facces, when centrifuged, was
found to contain a scanty number of ashestosis bodics.”

Gloyne, 8. R. A method of staining the asbestosis bodics found in the

sputum of ashestos workers.  Jour. Ind. Hyg. 13: 85-86. 1031.
Describes technigues employing Prussian blue and ammoninm sulfide.

37

38,

Jour. Amer. Med. Assoe. 93: 659-661. 1930

Asbestosis budies (illustrated) were recovered from the lungs of two asbestos
~ workers and from the sputum of four ashestos workers.
39. Page, R. C. A study of the sputum in pulmonary asbestosis. Amer. Jour.
Med. Sci. 189: 44-35. 19335,

Clumips of ashestosis bodies were found in the sputum of 10 asbestos workers
with advanced ashestosis,  Axbestosis bodics were found in all but 1 of
the 31 cases studied.

40. Stewart, M. J., and A. C. Haddow. Demonstration of the peculiar bodies of
- pulmonary ashestosis (“‘asbestosis bodics’) In material obtained by lung
puncture and in the sputum.  Jour. Path. and Baet. 32: 172. 1929.

Asboestosis bodies were found in material obtained by puncturing the left
lung with & hallow needle. Patient was a 38-vear-old woman, cmployed in
an ashestos fuctory 135 years, who had congh, dyspnoen. and loss of weight,
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41, Stewart, M. J., N. Tattersall, rud A, . Haddow, On the oceurrence of
: . i clumpm of asbestoxis_bodies in the sputum of asbestos warkers,  Jour,
. ) Path, Bnct, 353: 737-7-41. 1032, . '
A climp of ashestosis bodies was found in the sputum of a 3{-vear-old
woman employed 11 years in an azbestos fnctory. She complained of
congh, dyspmoena, and avorexia,  “The radiogeaph showed diffuse. fine
strintion thronghout the lower third of both lungs.”  Died of bLroncho-
pneumonia.  On autopsy, “There was notable diffuse fibrosis of the greater
(bnsal) partion of both lower lobes,  “Fhe nonsfibrosed tissue was somewhat
emphysemaions,”  Asbestosis bodies were most namerous in the densely
fibrosed arcns.  No' evidenee of tuberenloxis,

41a. Sundius, N, and A. Bygdén. Der Staubinhalt citier Asbestosislunge und
die Beschaffenheit der sogenannten Ashestosiskisrperchen,  Archiv fie
Gewerbepath. und Gewerbehyg. 8: 26--70. 1937, )
Quantitative microchemical analysis of asbestosis bodies isolated from a
hamman Jung showed that the gel suﬁnmuling the asbestos fber consisted
largely of ferrie oxide, phosphate, an or-anic substance whose chemical
cenposition suggests that it is a protein, and water.  Chemical analysis and
R <X-ray examination of cores of asbestosis bodies indicated that the chemieal '
compuoxition of the asbestos fiber remained unchanged.

o
]

OTHER PNEUMOCONIONES

42. Curtis, A. J. il. The health of cement workers. Indust. Med. 6: 195-200.

1937.
: . Results of a medical survey of 201 men exposed to dust in & cement mill. ci.
At Morbidity data for 31 plants. ' e
‘ 43. Dreessen, W, C. Effects of certain silicate dusts on the lungs. Jour. Ind. .
e Hyg. 15: 66-78. 1933. )

’ ““The silicate dusts of tremolite talc and slate induce a fine, diffuse, bilateral . e
fibrusis of the lungs which is definitely demoustrable in the X-ray.” Cn

43a. Dreessen, W. C. Effect of inhaled marble dust as observed in Vermont g

marble finishers. Public Health Reports 49: 7242732,  1934. B

“Although marble dust when inhaled in the coucentrations here obeerved ]

{less than 26 million particles per cubic foot]. produces a mild bilateral, .y

linear fibrosis in [13 pereent of the 80 men X-rayed] no serious lung changes
were noted and there was no disability due to the dust, even after many
years of exposure.”
44. Dreessen, W. C,, and J. M. DaliaValle. The effects of exposure to dust in
two Georgia talc mills and mines. Public Health Reports 50: 131-143. '
1033. Reprint 1669.
Enginecring and wedical study of the relation between dust esposure and s
. occurrence of pncumnoconiosis in 68 workers. B
- 45. Dreessen, W. C, and R. R. Jones. Anthracosilicosis. Jour. Amer. Med. .
Assoc. 107: 1179-1183. 1930. ,

Results of & medical examination of 2,711 cmployed and 135 disabled
anthracite miners. .
Hoffman, F. L. Mortality from respiratory diseases in dusty trades (inor- o
ganic dusts), DBull. U, 8. Bur. Lab. Stat. Nu. 231, pp. 176-180. 1018.
. Gives brief summaries of the effeets of exposure to inorgunic dusts, compiled
- g from occupativnal mortality data available in 1918,

“46,

i .
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47. Middieton, 1. 1. Tudustrial pulinonary disease due 1o the inhalantion of
dust, . Laneet 2812 1 0; 50 G4, 1030, . ) . M
Part 1 dends with silicosis, Part 11 with silientosis (including asbestosin),
48. Runsell, A, E., RO Britten, L. R, Thompson, and J. J. Bloomficld. The
health of workers in dusty trades, 11, Exposare to xiliconus dust (granite
fndustry),  Publie Health Bulletin No. 187, 1929,

An engineering, mediend, and statistienl study of the effects of exposure to
granite dust an workers, '
49. Savers, R, R, F. V. Meriwether, A, J. Lanza, and W. W, Adams. Silicosis
and tuberewlosis among miners of the tri-state district of Oklahoma,
Kaunsay, and Missouri. 1. For the year ended June 30, 1928, Bureau of
Mines, Technieal Paper 345, 1933.
Rexults of medicaland rocutgenographie examinations of 7,722 men employed
in lead and zine iines, : '
= 50. Bayers, R. R. Silicosis. Public Health Reports 49: 505-602. 1934. Re-
print 1626, .
Discussion of the historical, medical, and engineering aspeets of silicosis.

. Sayers, R. R, J. J. Bloomficld, 1. M. DallaValle, . R. Jones, W. C. Drees-
sen, D. K. Brundage, and R. . Britten. Anthraco-silicosis among hard
coal miners. Public Health Bulletin No. 221.  1935.

Mcdical and engineering study of incidenee of pneumoconiosis in relation to
. dust exposurc among 2,700 anthracite miners. .
- 52. Thompson, L. R., D. K. Brundage, A. E. Russell, and J. J. Bloomfield. The
R : health of workers in dusty trades. I. Health of workers in a Portland o
: cement plant. Public Health Bulletin No. 176. 1928 )
Includes an engincering study of dust conditions in a cement plant, records ;
of respiratory nilments, and physical examinations of a large group of
t . workers. E .
B CANCER AND.ASRESTOSIS

5

s

LN

1
W Yoen

» . 52a. Egbert, D. &, and A. J. Geiger. - Pulmonary asbestosis and carcinoma.
Amer. Rev. Tubere. 34: 143-150. 1936, -

A 4l-ycar-old man employed 1§ Years as an asbestos weaver sought medica! T s
treatment for dyspnoea, cough, and “an insidious, gradually increasing ”~
pain of aching character throughout the hack:” Patient lost 40 pounds 2
within a few monthe. Before deatls, X-ray and laboratory tests were g
made. DBesides the characteristic pathological and histological signs of ' : ".
ashestosis, there was a large primary carcinoma (illustrated) in the lower : -
lobe of the left lung.

53. Gloyne, 8. R. Squamous carcinoma of lung occurring in asbestosis: two
cases.  Tuberele 17: 5-10. 1035,

Deseription of malignant lesions noted in two cases. The lesions were small
and not recognized in life.  They showed prickle cells, keratinization, and
cell nests.  The growths advanced alung the bronchial mucosa by eon-
tinuous fingerlike prolongations. The growths were in a portion of the

4 lung where the ashestosis was quite advanced. .
-54. Gloyne, S. R. Out cell earcinoma of lung occurring in ashestosis: cave.
Tuberele 18: 100-101.  1936. :

\‘ﬁ y ;§ . Typienl, extensive nsbestoxis was found on autopay of a 58-vear-old man

2l

.

i ) il
employed 22! vears in the stornge partment of an ashestoxs factory. A -
neoplasm abont the size of a golf ball was found in the peripheral portion N

of the lower lubie of the left lung, continuous with the pleura,  The growth g
N
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wax xofl, pinkish white, and fairly well demareated. 1t grew ontward
- from n eenter na compact mass, destroving ling tissue as it progroessed,

§5. Lyneh, K. M, aud W, A, Smith, Carcivoma of lung in ashesto-silicosis,
Amer, Jour, Caneer 24:. 56-64. 1035,

Caxe report of white male, age 87, who had been eotton wenver 22 vears and
weaver in asbestos mill abont 21 years,  Ax result of exposure, he had ex-
tensive fibrosis of lungs amnd plenrn with emplivsema, bronehicetasis, and
eardiac cmburrassment.  In addition to the diffuse fibrosis, the anthors -
noted formation of hyalin fibrous nodules eharacteristic of silicosiv,.  The
pulmonary cancer appearced to originate from one of the branches of the
bronehus to the right lower lobe, where squamous metaplasia of the living
epithelium was observed.  The duration of the cancer conld not be speci-
fied, but it did not antedate the fibrosis.

MISCELLANEOUS

2

56. Britten, Rollo ., and L. R. Thompson. A health study of ten thousand
male industrial workers.  Statistical analysis of surveys in ten industries.
Public Health Bulletin No. 162. 1026.

Summary of anthropometric and physiological data obtained in physical
examinations, together with incidenee of certain physieal defeets.

87. Garducr, L. U,, and D. E. Cummings. Studlics on experimental pucimono-
- ' ' koniosis. V1. Inhalation of ashestos dust: Its cffect upon primary
| tubereulous infection. Jour. Ind. Hyg. 13: 65-86. 07-112. 1931.

P, “Guinea-pigs have been exposed for cight hours daily for periods as long as

’ two and one-third years to an atmosphere containing approximately

thirty-five million particles per ecubic foot of ashestosx dust (Canadian

) chrysotile) 1.5 microns and less in diameter. Rabbits and albino rats
have likewise heen exposed for shorter periods (330 days).”

58. Gloyne, 8. R.  The presence of the asbestos fibre in the lesions of asbestos
workems. Tuberele 10: 404—407." 1929,

; Asbhestos fibers, but not nshestonis bodies, were found in asbestos corna.

. 59. King, E. J., and M. Dolan. Silicosis and the metabolism of silica. Can.
' Med. Assoc. Jour. 31: 21-26. 1934,

. Urinary silica content of 50 miners was 2.2 mg per 100 ce: of 40 students

. ) 1 mg per 100 cc (xingle specimens).  Analytical procedure is dencribed.

60. Miller, J. \WV,, and R. R. Sayers. The physiological rexponse of peritoneal
tissue to certain industrial and pure mincral dusts. Public lealth
Reports 31: 1677--1688.  1036. Reprint No. 1787,

32 dusts were clasificd according to the reaction produced on intraperitoneal
. injeetion into guinea pigs. . ) .
: 81. Miller, W. 8. The lung. Charles C. Thomas, Springficld, IIl.  Baltimore.
1937. pp. 85. _
% : 62, Norrix, G. W., and H. R. M. Landis. Dincases of the chest and the prin-
f ciples of physical diagnosin. W. B. Saunders (‘v., Philudelphia. 5th
; . odition. 1933,
Extracts from the annual report of the Chicf Inspector of Factories and
. Workshops.  1935. Chapter Ill—Health. His Majesty’s Stationery
R Dept.  London.
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