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ABSTRACT 

Ashestosis, o lung disease caused by long-continued inhalation of 
ashestos dust, was the principal physical defect found on medical 
examination of 541 men and women employed (or recently cmployed) 
in three ashestos textile factories. The primary effect of ashestos 
dust scems to be initiation of fine, interstitinl, pulmonary fibrosis 
which was not observed to progress ns far as the nodular stage. This 
fibrosis was observed in post-mortem examinations of three former 
ashestos workers. During life, lung fibrosis ean be detected by Xe-ray 
examination. The more important symptoms of asbestosis are pro- 
gressive dyspnoen, variable cough which sometimes raises blood- 
stroaked sputum, and loss of weight. The processes that produce 
dust in asbestos textile factories were studied and recommendations 
for dust control are incorporated in this report. Enough dust counts 
(242) were made in all parts of these fuctories so that the dust ex- 
posure of cach worker can be estimated. The percentage of persons 
in different occupational groups who were affected by ashestosis or 
any of its symptoms varied with the avernge dust concentration to 
which they were subjected and with their length of employment. 
The only cnses of ashestosis, three in number, found below 3 million 
particles per cubic foot were dingnosed as doubtful; well-established 
eases oceurred ot higher concentrations. It appenrs from these data 
that if psbestosslust ganeentrations in_the air breathed are kept below 
this limit new cases of nxbestosis would not anpear, 
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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, flax, 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 
sume 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 litern- 
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 ashestosis. 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 
Health and the Industrial Commission (administrator of the Work- 
men’s Compensation Act) of North Carolina to assist them in making 
an 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 manufncturing 
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 BN\'IRONM 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 IIygiene. The procedure followed by 
this Division is deseribed in Public Health Bulletin No. 217 (2). 
Therefore, only a briel discussion of the subject is presented in this 
report. C 

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 each 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 trades 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 effectiveness of these systems was determined by 
dust counts. . 

THE MANUFACTURE OF ASBESTOS TEXTILES 

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

Much of the machinery that is employed for the manufacture of 
ashestos textiles is identieal 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 {nbricating 
devices. 

The four plants investignted in the present study fall naturally 
into two classifieations. Two plants convert crude ashestos and raw 
cotton into ashestos varn and woven goads, but do not prepare the 

3 
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wenduets for the ullimate consumer., The other two plants purchase - i 
both asbestos yarn and unfinished woven ashestos tape. These 
estublishments weave brake bands and convert their own woven 
product, as well as purchased materinl, into finished goods. The 
practices followed in the plants studied are schenmtienlly presented in 

L . the flow sheet shown 
~ ' in figure 2. 

PREPARATION 

Crushing.—The first 
step in the manufne- 
ture of ashestos textiles 
is the crushing of the 
erwde stock in a mill- 
ing machine. This is 
aceomplished by large 
iron rollers which re- 
volve in a steel pan in 
which the erude ma- 
terinl is placed. (See 
fiz. 3.) Thisoperation 
separates tho 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 crude ore must 
be crushed for 20 
minutes, although in 

v some cases it may be 
%"‘: w«g; ATt satisfactorily disinte- 

j‘:,a??:"' TS £35 grated in 5 minutes. "“i’" &Pfi?fi% -~r-"3'fi""§”z“?’f“’*3*§ :‘I‘he erushed asbestos 
FIGURE 1. --VACUUM CLEANER BAG ARQANG!MENT hns 1t n)nltcd appenr. 

m COLLECTING SUSPENDED DUST SAMPLES. - . For CouLec : ance. Following the 
crushing, the asbestos is replaced by hand in the bags for delivery 
to the w xllower. 

Willmweing.— The willowing or opening of the ashestos is essentinlly 
a cleaning operation. The willower bents and shreds the matted 
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Seld ly some wbeme Colewfared 
plaate withe 
out further 
processing Trestasat 

{imprognation sl 
either vegetadie 
resine, or ssphaitic 
c—pu:n) 

tlociudes 

Baked 

Tiaished 
calsadering, 

2wt Ly 111 and funufll:; 1ne 
| 

Parkst 

FIGURE 2.—FLOW SHEET OF AMERICAN PRACTICE 
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ashestos masses into individunl fibers and removes some of the rock, 
The asbestos {ibers that are retained are delivered direetly to a storage 
bin or conveyed to one by pneumatic duct. (See fig. 4.) The ma- 
terinl fnlling to the floor is-screened in order to separate the grit from 
the short fibers. The grit is sold to cement manufucturers and the 
short asbestos fibers to paint, paper, and roofing manufacturers. 

The willower is {ed manually by a laborer whe lifts the. crushed 
asbestos into the willower hopper by means of a pitehfork. The 
beating and combing action which takes place within the machine 
produces a large nmount of dust which cscapes from the loose-fitting 
enclosure. The production of dust is increased when waste asbestos, 
recovered from the cyclone separators which form a part of the dust- 

FIGURE 3. ~MiLL FOR CRUSHING ASBESTOS FIBER, 

removal system, is willowed for 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. 

Miring.—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 [ollowed in order to ubtain 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 eotton used depends upon the quality of the willowed ushestos 
fibers used, Asarule, from 5 to 15 percent by weight of all the nshes- 
tos textiles produced in this country is cotton. 

Piling.—At the plants studied, the mixing is nccomphqhod in l“o 
steps, the first consisting of plncmg the cotton and nsbestos in alter- 
nate layers in a pile upon the floor, and the second step of feeding 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 
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FIGURE 4.~FLY OPENER OR WILLOWER (NOTE EXHAUST). 

hopper displaces air in the hopper which causes dust and fibers to 
escape upward into the face of the worker. In addition, the cylinder 
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 
that produced in the feeding operation, makes the pickerman’s occu- 
pation comparatively dusty. In some plants two pickers arc oper- 
ated in series and in others only one, through which the materinl 
mny be passed severnl times. In ecither case the picker discharges 
directly or by pneumatice duct into a collector bin. Where only one 
machine is aveilable, however, the pickerman must move the materinl 
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 
there nre two pickers operated in series and connected by pneumatic 
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ducts. llere 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, eanch 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. Oil sprays are 
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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 eand, and the other, the finishing 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 
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picker, the essentinl difference being that the roller and evlinder sur- 
faces are studded with fine steel bristles rather than lurge hooks. 
Some of the rollers straighten the fibers by combing out the tangles, 
while others doff, or remove, them from the combing rollers and the 
eylinder. Aside from these main features, the two units differ'slightly, 
The breaker eard 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 eylinders and wheels is similar to that of a 
fan, and as n 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 ventilution. 

While practically all of the roving is spun into yamn, some of it is 
marketed without further processing other than winding ou 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 n twisting 
operation which imparts strength to the strand of fibers by inter- 

Dreessen and Others, A Study of Asbestosis in the Asbestos Textile Industry (1938)
ACL Doc 11365 · Page 17 of 134

Published by AsbestosClaims.Law

asbestosclaims.law/library/11365/17

https://asbestosclaims.law/library/11365/17


10 

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

WINDING, TWISTING, AND BPOOLING 

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 

M FIGURE 7. —TWISTING MACHINE. 

with cotton twine. Following the initinl twisting operation the yarn 
may return to the winders for placing on special tubes, in which form 
it is marketed. Then nagain, 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 variety 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, brke lining, tubes, braids, or formed into rope. 
. (See figs. 8 and 9.) A small wmount of the product of the winders 
and twisters is treated by possing through o sizing compound, and 

subsequently diied on reels before heing wound ngain on tubes for the 
market. 
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WEAVING 

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 ns 
many as 30. .Both 
dry and wet weaving 
are employed for the 
production of both 
cloth and tape. In 
wet weaving the warp 
is pnssed 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 ecach 
other as they are 
moved from positions 
nhove or helow the 

which is shot from 
one side of the loom 

% 

R 

line of the shuttle [ g A8t 
W#;“fi}#gig§:1=; 

e 

bR 

FIGURE 8. —EXHAUSTED BRAIDER. 

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. 
7 In the manufacture of asbhestos 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 
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the warp is first wound on a heum from the individual spouls 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 creel racks are attended by a worker who is kept 

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 fabric. 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. 
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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 immedintely into a buking oven. 
These operations are enrried on in a building that is well ventilated 
and which is removed from other structures sufliciently to reduce the 
firc hazard. The treated ushestos fabric is now enlendered into 
uniform width and thickness and one surface is ground smooth. The 
brake-band material is next eut into suitable lengths and holes drilled 
into them according to pattern. TFinally, the finished brake bands 
are branded and packed for the market. 

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

F %fl.tish Practics LOW SHEET 
Capital letters 
employed to denote Crude Asbestos 
processss that are . 
not in use in the Crusher 
Aserican plants in. ¢ 
volved in this atudy.) MIXER 

+ 
mnxc‘smuma 

SHAXER SCREXNS 
(ROTARY THAEE COMPARTMENT 

M SCREENS) 

m‘wx ) 
Willower 

{PRITISH EMPLOY VERTICAL 
WILLOWER KNOWN AS A 

Rew cotton clesned in CREICHTOM OPENER) 
opener and picker - 
converted into s roll Seresning 
of felt known as *laps* Americen practice - | (SIEVING - BRITISH 

cotton edded st TERMINOLOGY) 
this point followed | ______.¢¥ 
by Picker mixing Stock Bins 

Carding Machines 

Roving : . . 

Remainder of flow 
shest similer to 
that for Asericen 
practics. 

FIGURE 12.—FLOW SHEET OF BRITISH PRACTICE. 

a synthetic resin. The process consists ol passing asbestos thread 
through a buth of resinous material and immediately winding it upon * 
a spool or eylinder. Enough of the resin will adhere to the usbestos’ 
to form a matrix into which the ashestos thrend will be imbedded. | 
When the desired thickness is obtained, the spool or cylinder 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. : ' ; 
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The grinding or surfucing of the brake hands produces considerable 
dust. In the plants studied exhaust ventilation was used to control 
the exposure. ‘ 

BRITISH MANUFACTUKING METHODS 

British practice differs in many respects from American practice. 
The same type of machinery is used in both countries but in British 
factories, dust-control equipment scems to be more generally used 
than in American factorics. 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, as it does in the 
United States, with the erushing of the ore, but when this operntion 
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 a2 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 termned “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 then subject the combination to a thorough 
mixing in a picker machine. In England cotton is added to the 
asbestos on the earding machine, both fibers being fed separately into 

. the breaker card. The cotton in all probability is prepared for the 
carding operation on a conventional type of combinntion cotton textile 
picker machine which opens 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 
Iattice, 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 outgide end of the conveyor. This box feeds asbestos in 
accordance 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. 

TanrLe 1.—Occupational analysis of workers in the asbesion lextile manufacturing 
tndualry 

. Number of workers in~- 
Total 

. Bection and setivity Plant A Plant B Plant C Mot D 

M r M 4 M r M ¥ M r 

l’mnullon- 
FOremen. ..occvernnnsnvasnfureansels 2 - 2 
Crushermen. ... cossnans 3 8 renesnnfrasunnafs . 9 
Willowers. .cneeneonmarnas | 1 PO, ] . JRO PPN PO | PO 
PlekermeB. .uv.eveasnanan | T SR L - 1) PSSRSO SRR PO AP wam 9 

Tl wcnncrrannannonne L2 20 |uecnnen]incnccnomeaninf nvonanfonncnnn £ 3 PPN 

Carding: 
anpmosnanb. smnn 2 3 POV PrPoN PR PPN 5]iencnen 

S d - 3 PP L J (PPN PP PR PR PR 8 fuennann 
CArders....oceceveunansnn 9 |vonnan |8 IOV OO IO FN S 30| cennnn 
SLOCKMON. «ucvanmmennann- 3|.camnen 13 [onvmenfonnnen Senosnne]ormmna]innenan 18 oeuanun 
[ L S TR 3 DO 3 DOPUOUNE ORI FOVRION IR Jervonnn [ IO 

T uunrcnsnnronsmanse M arinn [ 35 FOUUPTR DUVPIIN FRRn vonniomfinisnan [ LR O 

Bpinning: b 4 . 2 JRU DURON PRI DU vommene | 
Mule spinnery...cevnenes [ N PO, 10 resnan canovan | LI DO 
Ring spinoers. ..ceeveenen 8 lieennen [T 31 POOOSE SOUNINN PPN PRPEIIIN PR - 2 looenn-n 
JIeipers.cvescenensansansa . I PO, 10 leeennna] rnnnanfcosance] socomefinaninn ) & 1 PO 

Totloeoeseccocaconnnns 12 feeeenns] BT Jescnecnccmnnanfosnnana]inncnantiiaaac. 49 |.cceann 

Spooling: Bpoolers......... aefoeanana | I PO 13 |ccanenn FUUPO DU PR conemes 22 
Twisting: 

Foremen...... eacemsnane .. [ 3 N [ PO, 
Necond hands..eeceeee-.. 3]..... . 8 leceenen 
TWleters.cueioanaccanecs 18 {ecunee. 0 1 
1lel; 3 feceaens Theeeenns 

Total.eeuccoacaccannan Y - I R |« 3 TP ceecnen] csaann Ciiemee 1 {6 1 
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Tanuw L= Oceupational oualysin of workera su the asheatos tertile manufucturing 
fndustry—Continued 

Number of workors in— 
—_— - Total 

Beetion and activity Plant A Plant B Plant C Plant D ) 

MIEFIMIFr M r My Ml r 

Winding: 
Foremen.......... LI PO L 3 . . [ B 1N I, Winders.......... comrmma | & 3N P cenunee | 2N PORPUTON R [ . Yarn packers. ... |28 PO DRSSPI RPN NN FUE R “ [P 

k 1 TR ] 13 7 11 B RO | I T cevvmas 16 - 
Trestiog: Treaters. .......... | I PPN N 2 [ 2 P - 2 PO, 10 2 
Cloth wesving: 

Foremen...... ——- 1 1 o | RO, Sacond honds. ... 2 feennonn 1 comea]enncner]incinae L3 o Wesvers. ..oounn.. ? e 22 cowsnonlonnonsrfenmsmrnlsnnonan]. 3; cemnoen BINOCLOLY.eueeeeenennannn vomnean wecwen [T Calenderers. ............. L PYSR, L 2 PO, Crelers....oereniecennnniteannn . 4 ) vow wau 9 Cop winders. aee.eneensfevnnn.. f 3 NSO S ceeneee 2 Helpers. e o eaa e, L3} [SOCUUN NONGNUE INONI JUOROUS IDURSNES M S 
13 ¢ [ ESURIUIS, SNV JURIN S 43 11 

TLp! and brake-band weavr. 
g: 
Foremen_._. - 1 . 1 Weavers (tape)...... ... |3 18 2 1 28 $ Weavers (hrake band)... 2 2 | I PO, - 13 Jeeaene Caulendsrers. . . 2 | 35 SRR U ST 1 2 Cree) 7 1 - | 3 I, o1 SRR ORRRN! et - 1 SOSRLA. - 1 
Total.......... —oemmans L1 PO k4 s & 1 | 3 R [ 7 

Cord, rope, and hraid workers |.._.___ reeaeee 9 12 leceaaifaeen PO NN aoe)inccnen ] 12 
Finishiog: . 

Tresters and driers. 3 Calenderery. . 1. . Qrinders. .. ... ... | 3 EOSSUREE R Cune)ls and drillers.. } 3 

Total......... FOOURNITE R ISR I eaneeen L O §]...... . 

2 1 2 7 
8 -3 | L 3 PO 3 1 [} 
1 1 3 2 [ 1 ) I3 POURUUN ISR JUURIUE ISR SRR | 3 OV 

H ) 1 [ % OSSR 8)..e.. - ES 1 

gx; wrintendent 1 3 1 ntendents. . ... .. Ot‘m....... . ] 8 ) 3 
Total........... PO Wi...... 1n 3 4 3 
Orand total............] no| 28| 2281 ss| 2 3 } 

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

B _—— . S — e e - m—T 
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PREPARATION 

Crushermen emply the raw ashestos, contained in 100-pound hags, 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 pitchforks. 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 acreens for 
separating coarse granular material {cabs) from the fiber. . 

Pickermen make up the ashestos-cotton batehes ( 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, 
Stockmen handle the stock prepared by the pickermen. The material is con- 

veyed by hand trucks from the stock bins to the card feeders. 
Tenders look after the stock fceders and roving jack spools. The Iatter are 

removed when full, and replaced with empty jack fpools. The occupations of 
tender and carder are in some plants interchangeable. 

BPINNING 

Mule spinners operate the mule spinning frames, 
Ring spinners operate ring spinning machincs. 
Helpers (bobbin boys) assist the mule spinners and ring spinners conveying 

full jack spools of roving to the spinners and carrying empty spools back to the 
cards. They also transport the spun yarn and attend to the roving jacks and 
bobbins whenever required. 

BPOOLING, TWISTING, WINDING, AND TREATING 

Spoolers tend the spooling machines and handle spools on which the spun yamn 
in wound, 

Twistcrs and helpers operate machines that twist spun material into heavier 
and strorger varn. 

Winders operate yarn winding machines. 
Treaters pass yarn through special compounds (usually predominantly starch) 

and wind it on large reels for drying. In brake lining manufacture, troaters handie 
asphalt and resinous materials with which the product is impregnated, 

Yarn packers wrap and box finished yarn. 

CLOTH AND TAPE WEAVING 

Broadclath iweavers operate both drey and wet weaving looms. 
Tape iceaccrs operate looms for weaving tape and brake lining materials, 
Inepectors ani enlemlderers 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 OTHER 

Cord, rope, and wick workera operate specinl cord and mm-umking machinos 
and heaiding minchines, 

Brake-lining finixhers include treaters and dryer men, cnlmdvrvru who operate 
ealendering mnchines for squaring uneven edges, grinders who smooth off uneven 
surfaces, amd cutters and drillers who eut the finished band to required sizes and 
drill it for riveting to brake shoes for automobiles and other machines. In the 
piants studied, these ocenpations were inferchaugeable. 

Gencral Inbor includes_those nccupntjons associated with maintenance of equip- 
ment and generation of steam. They also include janiters, watchinen, and 
shipping elerks. 

Superiniendence is concerned with the supervision of all plant activities. 

RESULTS OF THE ENGINEERING STUDY 

DUST KRTUDIES 

In the present study, dust counts were made by the impinger 
method (2), using ethyl 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 chemieal 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 removnble, paper-bag type filter. The latter method is 
similar to a procedure developed by Hatch (5). (See 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- 
lected 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 DUST FOUND IN ASBRERTOS TEXTILE FACTORIES 

Composition—Tuble 2 shows the results of chemical analysis of 
settled dust snmples obtained by the Hatch method (3). 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) dacs not vary greatly. The 
value of 54.5 obtained for wet weaving (sumple 8) is due 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. 

¥ Canasdian nshestos (crysatile), the ashestos used In these factories, hus the following composition: th' 
BT B0y, 40.40; MsO 1.27; Mg, 5131 Fealhy, 283 pereent. (Asbeston: Vol. 2, No. 7, January 1022.) 

) "" 
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Tantr 2.—Uhemical analyses of settled dust samples obtained in asbestos textile 
‘ plants : 

Average chemieal comprwit {on of sumples - 
) (perceniage} 

Depmriment in which : snimples wors coliectad Remarks 
Ash | 8102 | RiOr1| a0 MgO | Feis 

1. Preparation (piant A)..1 B8 361 108 071 838 LS - 
2. Preparntion (phant B)_. s8] %81 11 .3] 3% 16.2, Near willower, 
3. Carding (plant A) 8321 4] 118 8] ate| w1 Tepolennd hoods. 
3. Canting (plant Bl ... R.8 .31 1.5 1.2 a7 1y Do, 
5. Canding (plant By...... 9.4 3531 93 ‘3] 31.5{ 6.»| Dottom of cards. 
8. .\h;ie spinning (pisnt | 81.2] 3. 1] 14} .91 323 112 
7. \\'en'\-inx (plant A).....] BL3] 354 10.9 1.0 3190 8.7 | Tape weacing loonw 
8. Weaving (plant ...l 543 24.2 58 2] .8 4.8 1 Wet weaving, 
o, Weaving (plant By, 5.3} 3.0 1.0 LR oAt +.8 Retween creel cracks. 

10, Wenving (plant B} 7281 3201 10.9 L] R4 7.7 1 Onl-beam. 
11, Brake-lining grinding | 3.2 46.2 31 1.9 4.2 5.6 : Garnet and metal separated 

{piast C). 1 with bromofotin. 
12. Dust from cyclons con- | 81.8 3471 18.2 61 3121 10.8, Mostly card room dust. 

neeted tn exhaust 
system (plant B). 

t Combined oxides. 

TaBLE 3.~—Chemical analyscs of guspended dnst samples collected in an asbesion 
textile plant 

R Averags chemieal compusition of smples 
Department In whk& ‘ tage) Remarks 
samples wers 

Ca0 | MgO | FrO E @
 

e
 

»
 

2
 

11 }:nmutloo............ sl A4 9.3 .27 4.9 8.8 | Genern oir sampie, 
14 CAPHINE. . eon vmeeneases] 8371 32.5 9.3 101 8.0 831 0. 
15, XLl SPIRNING.cveoeaw.| 83,81 3301 16.4 ‘9| 3131 1.1, Between 2 mule spinpers. 
16, Iting spinniog..... veeeel 8.2 33.2 9.3 .81 3L¢ 7.0 Near ring spinoing machines. 
1 Dry weaving foeniconens w8 BT 1.9 A1 343 7.0 3 Broadcioth weaving, 
1N, Wot wenviog teearacne.] 758 3.9 8.7 S} 3¢ 8.7 . 
19, TWINNE feunvermanonees] 1891 3271 10.4 ‘6] 3211 A3 ! Near twisting machines, 
., Spoolingt....... 8Lz 3.7 120 .91 38 V.6 § Neor spooling machines, 

21, Winding teaeenn.n eeeeee] OB.81 0.8 8.9 7] N6 4.8 ‘ Near w inding machines, 

1 Combined oxides. 
1 Operations conducted In same rooms. 

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 Iurlibut and Villiams was found in any of the samples 
analyzed (6). 

No quartz was found in any of the samples exnmined petrographi- 
cally. 

The consistency of the results indicated in tables 2 and 3 is mnore 
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 sumiple shown in the figure represents two grams of dust. There 

" are Tonspicuous differences among the snmples, both in color and bulk. 
Preparation and carding produce granular material. Weaving 
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samples, on the other hand, are bulky, the difference probably iwing 
: dute to the presenee of long usbestos and cotton fibers in these samples. 

Carding und preparation samples contain cobs which are present in 
the raw ushestos. The darker appearance of the samples shownin the § 
top row of figure 13 is diflicult to explain. It is probably due to the ’ 
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FIGURE 14.—~MICROSCOPIC APPEARANCE OF SUSPENDED DUST COLLECTED WITH 
: VACUUM CLEANER DEVICE. 200X, 

contuct of the spun ashestos-cotton mixture with oily metal surfaces. 
The microscopic appearance of the vacuum cleaner samples is . 

illustrated in figure 14, The presenco of hoth cotton nnd ashestos - 
fibers und of smnll particulate matter is readily noted. The dust from 
the carding room is most striking. It has few fibers and it has 
considernble particulnte mntter. 
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Darticle aize.—The mensurement of dust particles suspended in the nir of ashestos textile plants is diflicult beeause of the presence of 
both asbestos and cotton fibers. The differentintion of these fibors 
under the microscope is not always possible, especinlly when the fibers are short and fine. Several samples obtained with the Owens jet apparatus were examined with a petrographic microscope in ordor to estimate the proportion of ashestos and cot ton fibers, but no satis- [actory technique could be developed for this purpose. In this study, particle size determinations based on Owens jet snmples were made by three methods: (1) cuscope projection device; (2) a filar micrometer attachment to a microscope (using oil immersion, 1,000¢), and (3) by means of photomicrographs. 

Data obtained with the cuscope showing the percentage of fibers (irrespective of whether they are cotton or ashestos) are presented in table 4. These are based on Owens samples and not on impinger samples. With regard to the selectivity of the device used, little information can be given, although it is known that for diserete particles, the selectivity of the Owens apparatus and the impinger are the same (2). 

TasLe 4.—Relation of fibers to particles in rarious Owens jet samples 

. Number of | Number of Total Pe Activity Fibers | Partichs o reent counted | counted count fibers 

Wenving tueeoonooo..... : 8 m s » Wearing '.............................................. 23 251 28 12 Picking e cvanastrcanmanneuenna esrhnensuranon. 2 i am ) Carding ¥ e . 22 293 38 7 ;W'm:n( :..................... cevremmnnuen :: } g: g:g g WISUNE Yo e ceannnoos revarennen Crushing Yiacrrcsnenncnnenensann o 8 «2 07 1 
! Plant B, 
tPant A, 

The results given in t indiente_that wenvers are exposed to the Jughes centage of fibers. This is to be expected beenuse the warp thrends fray as the shuttle crosses them. Samples collected near the pickers and earders have fower fibers, while the dusts to which crushermen are exposed have the least proportion of fibers. The relatively low pereentage of fibers in suspended dust explains the small number of fibers observed while making dust counts of impinger samples. The Intter were usually diluted to give 20 to 50 particles per quarter field. Hence, except for weaver's samples in whielr considernble fibers were observed, fibers are only rarely found in mnking counts of other samples. (Dust counts included both fibrous and nonfibrous particles, irrespective of size.) 
Table 5 illustrates the size range of particulate matter. Two hundred particles in ench sample have been measured by means of the 1162~ a8——3 

: 

T eita i g se———— - -— e - R 
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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 
electrostatic precipitator to colleet dust samples and enleulated an 
avernge value for the total distribution of fibrous and nonfibrous of 
1.33 microns (4). The median size for particles less than 5 microns, 
as aledueed from data given by these investigntors, is npproximately 
0.47 microns, which is much fower than the values given in table 5 
of this report. This dilference can probably be attributed largely 
to the type of sampling devices used in the two investigations. 

Tasre 5.—S8ize frequency distribution of particulate dust suspcnded in the air of 
ashestos tertile plants 

Pereentage frequencs of ench particie size group Geg- {in microns) 
Median | metric 
size {in |standard 

micronat devin- | 0 105 1 [1.5] 2 128) 3133 ¢ (451 3 tion toltaitn 
0.49 0.0 L4y l.m; 2.49°2.99 3,44, 3.09{4.49, 4.0 more 

Nature of process where 
sampic was tnken 

Preparation._ .._.......... 1.88 L8] 312137 |2 0] 4 2 i ol 0 0 100 Carding......._............ L33 . L& 1 12128 918 4 ) 1 3 3 100 Mule spinning ... .. 1RO L33 0 11 imimi 4] 1 1 1i e 1 100 Twisting ... ... .22 L34 530 241 14 1 8 4 51 0 i 3 100 Weaving {hroadeloth.) 1.:5 .3t 1 4143727710 3} 24 3 41 0 3 100 Weaving (tape) : 240 Led ] O Jjmnj2¢ 1412 7133] 71} 3 ] 100 

In determining the length of fihers present in Owens samples, 
photomicrographs were used. It was necessary to use this method 
of measurement because of the curvature and matting of fibers in the 
microscopic field. This difliculty was overcome by using compass 
pointers and measuring each fiber visible ncross 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 (450X 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 sampled with an Owens Jel apparatus 

Modian 
' : Activity - PO 

- 
microns 

Willowing. o ouveresivanans 7.0 
Ploking. .o eeeeeeenanns e.5 
Canding.... 8.3 
Twisting. ... ... ... 128 
Weaving (brondloom). ... 16.3 

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

toitoltoitnl{tnjtoflta| or | Total 
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Owens jet apparatus wns less than 0.5 micron. This is in agreement 
with the results given by Fulton, who shows more than 78 percent of 
the fibers mensured by his projection method to be less than this size. 

DUKT CONCENTRATION IN DIFFERENT OCCUPATIONS 

In earlier studies of the dusty trades carricd 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 oceupation in tables 8 to 18, Each of 
the occupations earried on in asbestos textile factories has been dis- 
cussed separately in the following section 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 concentru- 
tions. In such cases the severnl exposures have been weighted ac- 
cording to the avernge time of exposure. 

For example, in plant A, willowers are engaged in the following 
activities: willowing, 5 Imm's, picking, 1! hours; stornge-room work, - 
1's hours. These activities are associated with cxposures of 2.3, 36.3, 
and 16.4 millions of particles per cubic foot, respectively. Hence, 
we may tabulate exposures as follows and calculate a weighted 
average: 

TABLE 7.~ Duat exposure of willower, plant A 

Time of ox- « Mtillions of 
: (bx:mm Average dust )mmcteo 

; urs expostire IS pee Activity aasy | (MPPCF) | cubic foot 
. [ [3.{] 

Willowing.coeuvesnanes PO, 5 2.3 1.8 
Pieking...cev.. emevanman PO 133 03 5.4 
SLOFRRE-TOOIM WOrk.....cu... 1 18.4 24.6 

Total. .cuuenus crremune 8 wesasuvemenvon w08 

0,3 milllon pnm'r::::;m et cubic tmt."‘; million particies per cuble kot 

The average dust count of the 10 samples in the above table, ealeu- 
lnted without regard to the duratien of exposure, would be 18.7 
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 erushers and wil- 
lowers worked togethier. Picking (including piling), in the latter 

plant, was done in a separate room. The dust exposures are indi- 
" ented in table S. ’ 

e
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‘Tanwy: 8.~ Dual cxposure of workera in the preparation depariment 

y Number of | Dust concen. 
Occupation samples tration 

fuken (MBPPCY) 

Censhermen.............. 0 2.3-4.5 
Willowees s, .. aee 20 11. 1-38.0 
Pickermen . ............ B ] 34.3-714.3 

{ 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 especiually 

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 adberent to the 
ashestos liber are thrown into the air. This effeet is necentunted by 
the fan 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 eiven in table 9. £ 

TABLE 0.—Dusl cxposure of workers in carding department 

Number of | Dust con- 
Occupation xamples | centention 

taken (MPI'CF) 

Carders and tenders ... .. kL 2.1 
Blockmen l....oocaiaenen 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 $piPNINK. ccoaeeceenen 15 2629 
Ring spianing........... .- 13 3.2-83 

Mule-spinning operations require considerable space and are gener- - 
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- 
%ns is generally grouped together and therefore it is diflicult to 
Z5btain a clear-cut estimate of the amount of dust produced by each. 
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The avernge range of dust concentrations in plants A and B are shown 
in the necompanying table (table ). ' 

TanLe 11.- -Dust expnsurce of workers in apaoling, ticisting, and winding departmenls 

\ .\'umlm‘i i : .\'muher‘ 
b 

. o o hnt ean- o + finst enne 
coupmtion | sample ceptrtion Occupation g centration 

} samples vy s saruplex ~ g 
| tuken aeren § . Men | PECD 
1 ; 

Sponlers. e sl 221" Reving winders.oo.... 1 a5 
wixters nnd heipers. ... 20 2 Y 2 1.2 

Ualversal winders.......... 5 1.2- %40 l Yarn treaters.. 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 
coneentrutions of over 20 million particles per cubic foot of air, yet 
counts below 10 million particles were not uncomtion. Twisting 
involves a considerable wmount of fraying and when low-grade 
materinls are used, the dust production is increased. 

Winders and yurn packers are exposed to lower dust concentra- 
tions than spoolers and twisters. Here ngain, however, becnuse of 
the proximity of the latter dust-producing occupations, the nmount 
of dust actually generated cannot 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 
brondeloth depends upon the number of warp threads per unit of 
width, the quality and width of the material woven, and on whether 
the operations are conducted dry or wet. If the warp threads are 
close, the fraying nction which takes 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 obtuined during weaving operations are shiown 
in table 12. 

TaBLE 12.—Dust exposure of workers associated with broadcloth weaving 
Numberof | Dust con- 

Occupation samples | centratinn 
‘ tsken | (MPPCH) 

\\'n‘\;m and helpers: 
....................... k<] £.7-18.7 

Wet..oo.oivnenens H 4 7=t 1 
Creelers and helpers... .. 4 1.6-0.8 
Inspectars and ealem 3 3.6-10. 8§ 
Copwinders. .. oenae 4 18-40 

Weaving operations are intermittent owing to frequent breakage 
of warp thremds. Consequently, workers are exposed to alternate 
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periods of high snd low dust coneentration. On the other hand, 
wenvers must pay close attention to work and are subjected to heavy 
exposures while the looms are in operation. C 

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 carried out on similar Jooms in-close proximity. 
However, operators are interchangenable 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 small 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 wenving, it 
would be expected that ereclers are exposed to comparanble concentra- 
tions. That this is not the case, 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, 

wick, and brake-band weavers are indicated in table 13. 

TasLe 13.~~Dust exposure of workers associated with tape, wick, ard brake-band 
weaving 

Number of | TYust con. 
Oceupmtion samples | centration 

taken (MPPCF) 

Woenvers (tapwe and wick).. 12 2 4= A1 
Weavers (brake band)..... 4 A, 200 
Croelers. .. couevsmunensnoen 3 24203 
Calenierern. oo nniennmes 1 3 

It may be seen from this table that tape, wick, and brake-lining 
weavers are exposed to lower dust concentrations than broadcloth 
weavers. 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 
hoisting machinery, the dust concentrations beeomne high and com- 
parable to those obtnined 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 cubice 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. 
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Cord, rope, and braid working.—Other nctivitios found in the ashestos textiles plants are concerned with the mannfueture of special products, such as cord, rope, and braid, and in trenting and finishing yarn. These operations produce little dust ns may be seen by reference to table 14. ) ‘ 
TaBLE 14.—Dust exposure of workers manufacturing and finishing special products . 

Number of | Pust cnn. Occtipation simples | erntration 
taken [ {(MPPCF) 

Cord, rope, and braisl workers. ] 1.2-10.2 Yarnteeaters ... ..., 3 .7~ 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 18.—Dust cxposure of workers manufacturing finished brake-band lining 

Number | Dust cone Number | Dust cun- Oeccupation of samples; eenteation Oecupation of samples] conteatfon taken | (MPPCF) taken (MPPCF) 

Treaters and driers......._. 1 1.5 H Cutters and drillers. __ ... 1 1.8 Calenderers.......... 1 1.5 |1 Branders. 1 LS Grinders. ... 1 2§ Collers.._ 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 genernted by grinders, cutters, and drillers of treated stock is made up of resin, asphaltum, asbestos, and metal. (See analytical results for sample 11, table 2.) 
Miscellaneous occupations.—In addition to the groups directly 

concerned with the manufacture of textiles, a consideruble number of workers (engineers, general Inborers, clerks, and supeintenden ts) 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. 
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TAnve 16.~-Dusl exposure of miscellancans growpe 

\ N"::?’" Dust eone ’ 5":::"" Inst eone 
Overipmiinn sampilos rentent i:ot-x Oreripat lon samples eeniration 

taken | (MIPPCE) - taken | (MPPCF) 

FRcimers. oo e, 2 L2 U Yoardmeno., ..oocovniininns ? 010 
foateters, .. 2 L Foremen (plaht) ... L ..., (U2 (4] 
Watehmen . | 1 L2 Superintemdents (oflice). ... 2 .12 
stupping cherks . 1 A2 IR e rereinemnncamnnnn o 2 .12 

s ¥anples and expostires depend on the setivities with which they nee associnted, 

PREVIOUS DUST EXPOSURE 

The dust concentrations discussed in the preceding paragraphs 
represent present-day conditions. The officinls of asbestos textile 
plants have in recent years attempted to control the dust hazard. 
In the plants studied, efforts have been made to exhaust picking, 
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 
ashestos textiles.) A knowledge of the exposure of workers prior 
to the introduction of control equipment is important in correlating 
clinical findings with dust exposure. 

In order to cstimate 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 hiour prior to samipling. 
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 ure consequently 
difficult to regulate. Once they have been ndjusted, any external 
disturbance affects 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.—Dust counis when control measures are used and when they are not in use 

Average | Dust con- Average | Dust cun- 
dust enira. dust centra- Occupation COUNt - tion— Occupation count - tion— Y:m preeent Fm present 

(MPPCE)| (MPPCFH) (MPPCF) [{MPPCF) 

Crochwermen.......aean... 50.2 23§l Mole spinners,. ......... 158 2 owers., ... .ccuu.. 50.2 1.1 ]| Ring spinners, twisters, » Pickermen........... 3.0 4.3 sponiers, and winders. .. 9 33 € L T 723 2.0 | WeaverSe oo icomrencnannn 7.4 4.7 

The low counts obtained for the occupations listed below canders is 
due to a partition which separates them from the earding 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 sumples obtained in the earding voom 1 hour after the 
exhaust fans were shut off gave counts of 77, 73, and 78 million 
purticles per cubic foot. .\t the end of 2 houry a sumple taken in the 
same room gave a count of 61 million particles. - 

No mnjor changes have been made in plants C and D since the 
start of operations. The dust counts made are essentially 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, hut 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 rostricted 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 all occupations in 
plant B following earding were probably higher during the study 
than prior te expansion. 1t must also be remembered that moro 
men have been working sinee the introduction of added cquipment 
than at previous times. 

INTERPRETATION OF DUST COUNTS 

The average dust concentrations 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 duration of 
exposire with average «dust concentration. An ensily enleulated 
descriptive value was developed during statistical analysis of the 
results of an engineering and medical study of anthraco-silicosis (51). 
If a worker’s dust exposure has been unchanged for ull practical 
purposes during his period of employment the average dust count 
(in million particles per cubic font) is multiplicd by the duration of 
exposure in years. The product is used ns a numericul mensure 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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T anty JR.—Jirample showing the method of compuling the dint expoaurc of aslestos 
- tertile workers ! 

¢ Milllons of 
Qcengmtion of worker h)':‘:l'::“;v?' P\'l“l"‘:(u";!; '"":,':':"";m" 

occupation ot of alr 
0 

[ oLV [ TN ] 2.3 2189 
Carder.ooooooon 2 M. .2 
Mule spinner...... 2 2.8 52 . 

Total......... [ | 2 PO, 0.3 

L Plant A, 
1 Prior to Installation of exhsuxt gysienm, 

2608 millions of particle-years yer enhic foot Tyears = 10 million porticles per cubie foot Weightedd dust exposure= 

The worker whose dust exposure has been caleulated in table 18 would be 
assigned a value of 280 million particle-years in tabulations in which, for the sake 
of simplicity, 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- 
culties. 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 inlerent in the ashestos industry. The arrangement 
necessary for removing dust from carding 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 same time, however, the velocities chosen must be 
adequate to maintain the dust below the safe or threshold limit. 

The dust-control data contained in the following paragraphs are 
hasedd on observations made in two plants included in the present 
~tudy nnd on data obtained elsewhere by Assistant Public Health 
Engineer Richard Page (7). The duta presented include operations 
for which control methods have been developed. In addition, the 
type of control equipment used in England is discussed, although no 
salues pertaining to air requirements are available in this instance. 

PREPARATION DEPARTMENT 

The dust counts presented eardier in this bulletin for the preparation 
department apply to uncontrolled conditions. A very high degree 
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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 
segregnted. In England, on the other hand, itis 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 

X it AN 

do 
e

 i
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o

 

FIGURE 18, ~EXHALSTED PILING BINS. 

levels with forks and using an exhaust above the feeder box and below 
the machine housing. The willowed materinl should, of course, he 
pncumatically conveyed to a suitable bin which is segregated from the 
preparation rooin. ' 

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 
air velocity of 2,730 feet per minute. 

. cimwra—— 

tf 

Dreessen and Others, A Study of Asbestosis in the Asbestos Textile Industry (1938)
ACL Doc 11365 · Page 42 of 134

Published by AsbestosClaims.Law

asbestosclaims.law/library/11365/42

https://asbestosclaims.law/library/11365/42


. 
35 

Piling—Tiling operations are usually condueted close to picking machines. The dust generated by this operation may bhe cffectively controlled by using small exhausted compartmentis or hins, ( Tompnart- ments constructed as shown in figyre 15 and handling spproximately 1,025 CFM of air veduee the dust concentration from an uvernge of 20 to 5.4 MPPCF, ‘ English practice in piling consists in using exhaust manifolds close to the mixture being made (fig. 16). Air volumes are not avatlable for the type of exhaust shown in the figure. The method appears to be cumbersome and to interfere with the pracess being carried on, : Picking—The exhaust control used on picker machines is partly 
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FIGURE 16.—EXHAUST VENTILATOR USED FOR PiLING OPERATIONS (BRITISH PRACTICE). 

v 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- centration averages 6.7 MPPCF. This value is considerably lower i | than found among uncontrolled cquipment which exceeds in many ; 4 instunces 74 MPPCE, 
d It was found that hoods above the feeder handled 500 CFM; the n downward exhaust ut the center measured 1,620 CFM; at the discharge S end the air flow was 450 CFM. Pheunmtic conveyors attached to the 2 0 | dischurge end of some of the pickers handled 2,000 CFM. These n | duets were upproximately 12 inches in diumeter, thus providing for & conveying veloeity of 2,550 feot per minute. 
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It is possible with specinl conveyor belts opernting between the ashestos-cotton piles nud the feeder mixer that the dust coneentrations 
v might be reduced below the 

vilue of 6.4 MPPCF, indiented 
above. ' 

CARDING 

Two types of dust-control 
equipment are nt present used 
on carding machines. The first 
type consists of a hiood which is 
loeated direetly ubove the ex- 
posed brushes of the machine 
(fig. 18), while the second type 

FIGURE 17, —SCHEMATIC DRAWING OF EX. is tomuy enclosed and ex- rpusT SYSTEM Useo with Picker hausted at various points (fig. MACHINE. ‘ 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 thecardswerelocated, 
It may be scen that the type 
of hood and the air flow used 
reduce the dust concentra- 
tion to approximately one- 
third the amount created 
without ventilation. 

The second 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 accomplished 
with anarrangement similar 

. . . . FiIGURE 18. - ‘VERTICAL EXHAUST VENTILATION to that indieated in figures APPLIED TO AN UNENCLOSED PRIMARY CARD. 
19 and 20, In the primary ING MacHiNe. 
card, hoods @ and b discharge npward, The duet ¢ exhansts from the 
bottom of the card. The secondary or roving card is hooded nt e 
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pear the center of the mnchine. The openings d, f and f7 are loeated 
at the hottom of the enrds and exhaust the bottom {ly which.nccumu- 
lntes. The air volumes exhausted by ench opening are indieated in 
the figure. ; 

In addition to enrcful enelosure of the machine proper in the second 
type of system used, the feed box is carefully covered. ‘ 

FIGURE 19.—TOTALLY ENCLOSED EXHMAUSTED PRIMARY CARDING MACHINE. 

The design of an exhaust system for carding machines is rendered 
exceedingly difficult owing to the ease with which carding material 
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- 
veloped requires care and exper- 
iment in design. 

S8POOLING AND TWISTING 

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

SPOOLING EXHAUST SYSTEM, Each case is constructed so 
' as to offer & minimum amount 

of interference to the work being done. In the ease of four Foster 
winders (200 spools) each cone is 9 inches in diameter across its 
widest part and 2 inches at the duet conneetion. The cones are 
cnch 10 inches deep. Two hundred cones were fourd to handle an 

Dreessen and Others, A Study of Asbestosis in the Asbestos Textile Industry (1938)
ACL Doc 11365 · Page 45 of 134

Published by AsbestosClaims.Law

asbestosclaims.law/library/11365/45

https://asbestosclaims.law/library/11365/45


38 

ageregate of 9,270 CFM or an average of 46.5 CEFM per cone, The 
dust coneentration averaged 2.9 MPPCEF., Without the cone system 
discussed nbove, the dust concentration for the same operation was 
13.1 MPPCF. ' 

Twisting machines are more diflicult to exhaust locally than 
spoolers. Figure 22 shows a system which has been partly completed. 
It consists of exhausting the lower scetion 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 2!1.—EXHAUSTED SPOOCLING 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 encountered in the design of exhaust equipment. Never- 
theless, this has heen done effectively both in this country and in 
England. The American system shown schematically in figures 23 
and 24 consists of a downwurd-draft hood fitting closc to the shuttle 
rack of the loum and a movable upper exhaust hood which operates 
on the surface of the woven materinl. The Intter hood is actuated 
to and fro by the action of the loom Iny to which it is attached. 
The hood is connected to the main exhaust duet by means of a flexible 
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air tight joint. Both the downward and upward exhaust hoods are parrow sied possess the ndvantage of high opening velocities. The upward-deaflt hood conneeted (o the loom lny is segmented.. Eaeh hood used, ns indiented in figure 24, handles 1,300 cubic. feet of air per minute and redices the dust coneentration to an average of 0.7 MPPCF. The systemm 
is thus extremely effee- 
tive, since on uncon- 
trolled looms the con- 
centration averages 
10.7 and may execeed 
140 MPPCF, 

The English method 
for exhausting looms 

differs considerably 
from American prac- 
tice. In the former 
svstem all parts are 
stationary (fig. 25). 
The looms are ex- 
hausted upward by 
hoods located in front 
of the operator and 
resting a short dis- 
tance away from the 
lny. The hood con- 
sists of two parts which 
may be turned back 
whenever. repsirs to 
the loom are neces- 
sarv. No data as re- 
surds air volumes used 

» d o~ “ ;‘:i, .3‘\!.".‘ ot Parburiy 
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FIGURE 22.—EXHAUSTED TWISTING FRAME, 

in this type of equipment or its effectiveness in reducing dust are available. 
INSPECTION 

In some plants, asbestos cloths are brushed during inspection. The usual procedure consists in brushing the cloth from above and helow as it pusses 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 widih of the “loth exnmined, They are, however, only one-half inch in width. A study made of an inspeetion table such as discussed nbove indicated that two hoods loeated on either side of the cloth handled npproximately 730 CFM ench. A third brush and hood loeated near FI R g 
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the juck spool at the end ot the inspeetion table handled 192 CEFM. 
These hoods redueed the dust generated from a value of 11.1 when no 
ventilution was applied to a value of 0.5 MPPCFEF with ventilation. 

SUMMARY OF THE STUDY OF THE WORKING ENVIRONMENT 

The engincering data contained in this report nre bused chiefly 
on a study of four ashestos plants. Data on dust control methods 

[ 2 ey pmsot B 0 R T o - 4 2 g e 

3 PR 2t Bt B e Ll O AT 

FIGURE 23, ~EXHAUSTED BROACCLOTH LOOM. 

have been secured in the course of a separate study undertaken ina 
fifth plant. Two of the four plants investignted were engnged in 
the manufacture of ashestos textiles directly from mw erysotile 
(Canadinn) asbestos received in 100-pound bags. The remaining two 
plants began operations with yarn reccived from other sources nnd 
were concerned only with the manufacture of nsbestos, tape, braid, 
or brake banding and with their treatment. 
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Dust concentrations were determined by means of the impinger 
teehnigue using light field counting. In all, 242 impinger samples 
were tuken 8o ag to evalunte the environment of each occupation. 

FIGURE 24, -DETAIL OF EXHAUSTED LOOM FIGURE 25.~DETAIL OF 
SHOWN 1IN FIGURE 23, EXMAUST 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 
presented in table 18. The concentrations range from values of 0.86 

FIGURE 26.—EXHAUSTED BRUSHING AND INSPECTION TABLE. 

, for shippers to ns high as 74.3 MPPCF for pickermen. Oceasional 
i sumples exceeding 100 MPPCF were found for the occupations of 

earding and weaving, 
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TasLE 19.—0ccupalional dust exposnre of warkers in four nsbestus textile plants 

. Ntmber of | Dust concen- 
Numbernf|* Activity and aceupation R sninples teating y i workers | “ilen | (MBICE) 

Preparntion: . 
Crushermen !, 9 9| ° 2345 
Willowers s, 7 4 31,1-3348.0 
l'lckvrmrn 1 9 2t H.3-74.3 

Canling 
C nnlen and trmk-ra ........................ 42 38 20.1 

. RITYS {0 TR SP 18 1 .y 
Spianine: . 

Mule spinnersand helpwes. oo L ieaaaa. 21 15 26-7.9 
Ring spinneers and helpers. % 13 3.2-8.3 

Spooling: Spoolers. ... . 2 ] 12131 
Twisting: Twisters and helpers. 43 20 3.2-18.2 
Winding: 

Universal winders........_..... 2 s 1.2-8.0 
Roving winders..... 2 1 LX) 
Yaen packers. ... |k} 2 1.2 

Yorn teemters. oo e L "” 3 L7- 24 
Cloth weaving: . 

Weavers and helpers: 
Dry.. } 34 2 4.7-40.7 
Wet, . ' 7 4.7=011 

Inspectors Henrde [ 3 36108 (‘m dlers and helpers. ., 10 4 3,69, % 
Cop winders....... 2 [} 1580 

Tape, wick, and heake-baned um\m 
Weavers ((Ape and WiEK) oo veveevncrermvmnssmnnsmannensnansnne k1] 12 2481 
Wenrers (WaKeDANA) .o ov.nrpnencenvsnmernncunnnmmenmmanmane b ] H 4. 72010 
CIOPIOM. oocvcnnverum s smnnnrnassannnresnnanennsnnnnsnnsnnes e 8 3 24203 
CAONAETEIS. ... o oo veevernonnnsrvennnnsnnsnunenasmmennsmnesne 3 1 3.4 

Cord, mopwe, And HEAIE WorKer®. e vvanemmsvnrumensmavensonsmnnms AN ) 1,340 2 
Brake-bumd finishing: . 

Treaters snd drm!.-..‘-.................................,.... 3 0] 
CUTIIOTRTS e va cammow s ammn e smwnmmmnesmonenannenn o mnewnons 1 1 1.3 
CEANOIA. o s comaissenmmmsemesvrmnsonasmenssnssnnnasvorne 1 1 4.2 
Cuttersand drlllers........ooverervmminnnsnsmommrnmnecnarssass 8 1 1.8 
Branders. JRE sonsmmmnmomas 1 0] LS 
Collers. vemas - wewven ] 0] LS 

- 

Generul Inhor: 
Ftlowers. ....ooonnnrnnsummnnn - 7 2 L2 
Taborers (shippers, eyl - [P “ 2 86 
Watchmen....... P [P meumanmavessanman ] 1 1.2 
Shipping clorks......... BesmereeussEs RN SRRt et R, 7 1 A2 
hY nlmon..,....... .- vesnanmomsamnan 2 [V} Ao 

smmmmlrnu [CT1. 0. ) OO vanemossmemrarancanannnnns A 2 12 
Foremen (plant)....ea... aaanserereevanmwawmannossai e R e 19 leonerannnns ] 
Lo T 1 D P, vevresmannensanmna .. - 2 J 12 

TOtAL..ournnsmmninnnnnnsasnsuns sevannn evmmracuannnmasnnsan 481 |2 - 3 PO, 

1 Exymsare weighted (o take into aceount piling, breaking, and stomge bin activities. 
1 Inclitddes exposture due to nperstion of sheaker sereen, 
2 Avemnge inclades ot her samples, 
4 PDust counts obtained from samples of ntm ocmpullom having similnr dust exposure. 
$ Exposures acconling (0 associated sctic 

The chemical and petrographic analyses of dust samples were 
determined from both settled dust sammples and samples obtained 
directly 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 microscope (for measuring the size of particulate matter), snd (3) with photomicrographs (for measuring the Jength of fibers). This study showed that the ratio of fibers to portieninte matter varied considernbly from a maximum of 26 per- cent for weavers to o minimum of J percent for erushermen. The medinn partiele size (exclusive of fibers) was approximately 1.8 microns. The median 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 almest entirely to provisions of exhaust systems for the earding machines. Data, however, are available to indicate the cffectiveness with which the dust problem can be handled in an asbestos textile plint. An effective method employs the use of hoods and exhaust equipment fitted ot ench dust-producing source. Dutn showing the cifectiveness of exhaust cquipment is presented in table 20, 

TanLe 20~Summary of resulis showing the expoaure of asbeston textile workers under controlled and uncontrolled working eonditiona 

N;nént:r Yolume of hu:t c«;m- hu‘.«t W"' of du tentration tentration Equipment . connec. ‘“('é‘;.“‘\‘i'f“ with exhatust | without ex- tions (MPPCF) haust 
Willowing (opening) 12 6251, 000 36 1.1-38.0 MHME Yoo rnna. S | 1,023 20 8.4 (l‘k-k'l‘llr PR ; H g }2% 87 $4.3-74.3 arding (primary 

5 Carding (roving)... 0. 00 4 1, 440 } 20 23 Speoling. ..o " 13 ] LX) 9 111 Weaving (hronttioom 2 1, X0 54 4. 749, 7 Reusher akmlerer................................ 3 1.6%0 .0 1.1 
! Equipped with pnenmatic conveyor, B . & ? Exhausted bin or compartment. 

= $ Individual cone for ench spool and connected to exhaust mapifold. 

It is evident from the above table that the dust hazard in the ashestos industry ean be greatly redueced. It is further clenr that the necessary control methods 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 he 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 contaminute the general air. Dust-removal devices, which are capable of reducing the dust concentration to a level of 3 million particles per eubic foot or lower, have been developed for all operations in the ashestos textile industry (7). 

i L ey 
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2. Since material leaving picking machines is productive of con- 
sidernble dust, storage rooms receiving suech materinl should be ex- 
hausted. Workers who must enter such rooms while materind is being 
blown should. be equipped with approved types of respirators. No 
material should be removed from storange rooms while thé picking 
machine is in operation. 

3. Clean air should replace the dust-laden air removed by exhaust 
systems attuched 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 
are constantly adequate. This requires that dust coneentrations.be 
determined for each operation. Ventilution meuasurements are equally 
important. The work of inspeetion 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 obtnin 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 been 
recorded the worker was asked how old he was when he first began 

CASE RECORD 

Dete of birth 

Name {Sarname) {First Name) 
Address 

FYTSUTUn SSEe— . SSRESRERSARe At |l et T M. 8 W, D. Sep. 

Pt Address. 

Age begea work Tears worbed Time Hle 

OCCUPATIONAL MISTORY 

YEARS B 

srvarre oo e TM| e miavenee . 
Pres.. 

Prev. 

- 

- 

- . . 

- | 
- ) 

- {= 

. ! 
- | 

- | 
- 

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 fauctory was entered for each period of em- 
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ployment in the ashestos tetile industry. After ench job hand been 
accounted for, the worker was asked what he had done before that.. 

1f o man had worked in an industry in which workers are known to 
he exposed to pneumoconiosis-producing dust, entries were made in 
the Inst column to show what materials he hundled and” whether or 
not dust-control mensures were in use. Informution on previous 
cmployment in dusty trades is of paramount importance in a study 
such ns this. Any cases of prolonged exposure to pneumoconiosis- 
producing dust other than ashestos 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 asbestos plant. 

The importance of the occupational history in a study of this kind 
can scarcely be overemphasized. It is the connecting link hetween 
the engineering and medical studies. The corrclations 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. 

Ounly 23 persons reported previous employment in an industry in 
which workers are known to be 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 nt the time of this study, a man who had worked 3 years 
in a foundry and 10 yenrs in asbestos textile plants. 

COMPARISON WITH OTHER INDUSTRIAL WORKFRS 

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 employees 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 nshestos textile factories 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 ns n 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 persous who had 
worked 10 years or rvore in this industry. 
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Tamue 21.—Age distribuation of anbeston workers 
——— o e —— ¢ —— 

Number of workers 

Axe . . Total 
White Winte Neurn 
males temnles thnlen 

Total............ creneenn cvensersenaans rerasann . k5] 3L L . 81 

M 12 2 xR MM years L 3 2n 17 116 2510 29 venrs, M ) 2 24 137 ANto 34 yenrs 8l i 16 12 : L 35 to 3V years M 20 3 &7 0te 44 yenrs. 7. 9 42 SHreddyenrs L. " 4 3 21 Stebdyenrs oot 7 o 3 10 A lo 8 years, 10 4 1 13 1 to 64 vears 2 0 1 3 £S5 1o 6 years 1 0 0 1 0 yenrs and o 0 0 0 9 Unknown age. _ 1 1 0 2 
Average..........._....... ... ........ [ 32,08 30,30 3244 4 ........ P Standard deviation........ 10T . oW o B (ceeencnanns 

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 genernl. 

TABLE 22.—Acerage age of while male indusirial workers 

verage ealt vernge ealt Industry age Serviee - - lodustry age Sery 
Butlletin Bulletin 

Ashestos textile............ 223 N DORRRIN I« TM 35.3 162 Iron and steed...oooeooo . 42.0 . ORS...ociannnennannnenans 34.8 182 Granite cutting......euen.. N T I CIEAP. .« nanemnnraenns 3.2 162 Antheacite mines. . ........ LX) 22 || Cement.....cvvennnnnans .0 178 Fur cutting.....ceeevonee... 9.2 ZH H RODDET, . ceerncnncnnnnns a1 178 DPottery..... - .1 18 || Chemical . cu.cnunennaen nl 1082 Post oifice. .. 220 0000000 s 162 || Garment..._ o0 0000 0T 328 n Foundey. ... .ceveusnunnns 1.8 163 

The average age of white male industrinl workers is loss in the 
nsbestos textile factorics 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. 

Tanre 23.—Length of employment in the asbestos texiile snduslry 

Years employed in ssbestos testile induslty 
Eex and color - Total 

Less 1010 | 1510 | 20t0 | 50 than j1104913t099) 10 | LS | 2ie | Ry 

kT R ORI BT B3 .| 2 | . e 
White nules. 
White fenmtes 
Seero minles. . .. 

2 

m 4“ 181 2 o] 13 2 " 19 » 19 13 ; g 
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Correspondingly, the avernge length of employment in the nshesto. 
textile industry is relatively short. Ouly 18.8 pereent of the employees 
have been employed in the ashestos textile industry more than in 
yours. Inthe 13 industries included in table 22 for which information 
on length of employment is readily available, only two industries have 
as Inrge 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 ol 
1935-36. A group of former asbestos workers was also examined in 
order to obtain a complete sample of usbestos-exposed workers. 
Office workers and other employees not exposed to asbestos 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 éach 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 & necessary pre- 
requisite for taking a usable occupational history. 

Space for cxamination and fluoroscopic rooms and Iaboratory was obtained at a 
location as convenicnt as possible for all concerned. An improvised darkroom was 
used for fluoroscopy and for processing the X-ray flms. Inan adjoining room, the 
medical examinations were made by two physicians approsimately according to 
the following schedule: Four persons at 0 a. m.; fourat 10:30 8. m.; four at 1 p. .} 
four at 2 p. m.; and four at 3 p.n. In other words, about 30 minutes were re- 
quired per examination. The routine used in the study of pulmonary tuberculosis 
was followed in the examination of the chest. After tho history and physical 
findings had been recorded, the group of four was fluoroscoped and chest roentgeno- 
grams wero taken. A fow examinations were made in the evening, and other 
adjustments were made in the schedule so as not to interfere too scrioualy with the 
work routine of the cmployees. 

At plant A, the urine of workers was examined with particular attention to 
amount of silica excrction. In addition to this metabolie study, routine examina- 
tions wore made of the sputum of workers in plants B and C for presenco of acid- 
fast bacilli and asbestosia bodien. 

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 wus collected. 
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PAST MEDICAL HINTORY 

Each person was questioned in order to find out whether he had 
previously hud certain diseases which are of importance in the study 
of chest diseases, 

. 

FAMILY AND PAST MEDICAL HISTORY (inssar Dars wuan Posvives 

Pamily Metory of T. B.. 

e fe T, B 

Tuborenloni Tr Plesriay Dry Wet Bide 

| T LO T S A it Asthm Hay Pevernnnnansnnn 

» J Empr Broachi Sians Disennes. 

Tty Ins Dot Move coldn In romIRt POAIEacc . cacvnsmasmnmn 
Bl ceevnscnnn 

Aversgs wambar of sslde yourly..ownees D P 

Toaellitis Previens 

on Heast Di 

Shoumetls Fuver. —eorseenee Sonrist Fever Hyper 

) ’fl.l. Skis & 
Qv . - Hesvous sysom 

» " > 

Other serions ilisesses or 

PRESENT HEALTM 

Congh NRow long Tyre Whes worss. 
r PR — 'y &% > Ood - 

A' (Y .“ Sewels. w‘ 

Strengih and eneryy ca- Rernia. 

Weight: SLatTYaeeccen.nrnes Loweenen o Caimad ... How loog 

Other R 

Progress of SYMPWIA cuociicnncomonsinn 

HABITS 

Aleobot . Sheeping 
P x 

FIG0RE 28.—~FOR* L 3£ *OR RECORDING PAST AND PRESENT MEDICAL HISTORY. 

© Tabulations of srevious illness didd not indieate that pneumonin, 
plenrisy, respiratory iseases other than the common cold, digestive 
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disturbances, or prolonged contaet with an aetive ease of tubereulosis 
had made people more suseeptible to asbestosis, Frequent, disabling 
colds were more comimon among persons with advanced pulmonary 
fibrosin than they were in personx 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 usunlly associated with ashestosis are progres- 
sive dyspnoen, cough, liemoptysis, emacintion, weakness, poor chest 
expansion, curved finger nails or clubbed finger tips, chest pain, and 
cyanosis. In these respects nsbestosis resembles silicosis. Early 
cases, of course, woukl have relatively few of these symptoms and an 
advanced case would have nlmost every symptom listed. The appenr- 
ance of these symptoms can bhe explained on the basis of a more or less 
general fibrosis of the lungs and concomitant pathological changes 
such as emphysema, bronchicctasis, and fibrous pleurisy. The 
cardinal 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.—Number of persons who had certain pairs of disorders, compared with 
the number who would be erpected to have themn on the basis of chance alone. Where 
the differences are statisticaily significant the observed numbers appear in bold-face 
type ’ 

Persoas Hemopty-! Lossof Chest . Lons of atiected Cough sis weight puin | WeRkDew ! Llooiite 

Disorder LT3N T = 2333 Tl 3 || 8|23z %352 Foig 2 § k] § HHHEREIE § 3 § § E 3E & 5 _§ ik 2 - - z ag.“ s|&le|djsi18j5|Sle|S |88 
Dysproes. . 122/263¢ | es)365) 30/102]) 28/708 11l60] M| ] re 
Cuough 138 ) ;.81 | . 6] 2{12e| 13167 wlies] 3| 18 
Hemaptsais »| s s{ 33] 3]re} uj s£s] 1} os 
1ows of weight i 588 4{L7) 1) £7) 21 04 
Chest pain 19 410 L e e e e s 1.7] 2§ 02 
Weakness 42! 907 4] 0.8 
Laoes of appetite. .. ] L3O reemen . . 

As table 24 shows, 94 of the 122 people who compluained of dyspnoen 
had a cough also. On the basis of chance nlone, assuming there was 
no causal connection between the two symptoms, one would expect 
that 36 people would have both conditions? Actually, the two con- 
ditions are found together far more frequently than that, and it is 
safe to assume that there is some sort of cuusul relutionship. Similar 
considerations hold for most of the other pairs of impairments. 

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

3 This value hns been endeninted on the assumption that 0.2638 represents the peobubility that any one of 
the 443 persons wantld hove dycpnoeu and 0.2 represents the probability that a person wonld have n cough, 
These values ace tuken from the second column of figures of table 26, Then, 0N 1CLA01 X ditnls,35, 
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wome cases there is seanty, viscid expectoration. Severe puroxysms 
of coughing oceasionally oceur in cases of asbhestosis having serious 
disnbility. At such times highly tenacious sputum is rised. 

Usunlly a complaint of dyspnoen was entered on the records only. 
when breathing was lnbored after an exercise test (see p. 63) earried 
on in the presence of the examining 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 20 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 phthisi-. 

Nincteen of the 447 ashestos-cxposed people complained of a pain 
in their chests which is best described by the term “substernal dis- 
tress.” It was vaguely defined and not as a rule very well localized, 
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 dyspnoca that accompany ashestosis (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 : % 
asbostos textile factories have heen divided into five groups, which ' 
differed in dust exposure, one of tliem being a control group of employ- 
ces who were not exposed to ashestos dust. A number representing 
the total dust exposure was assigned to each dust-cxposed employee 

.| by multiplying the number of years he had worked in the ashestos 
s | industry by the avernge dust concentration to which he presumably 

¢ lulnd been exposed. His total dust exposure is thus expressed in 
“million particle years. I a worker had changed from one occupation 

1 | 1o another, a dust exposure value in million purticle yenrs was caleu- 
lated for each occupation, and these values were added together to 

». | obtain his total dust exposure.! 
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. An exnmple (tnlde IN) has been given in the sevtion entitisd “Inferjreiation of dust counts.” 
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The pereentage of workers who complain of cough, dyspnoea, 
blood-strenked sputum, and other symptoms inereases epidly with 
increasing axbestos-dust exposure, In all enses the pereentage of 
workers who are nffeeted by o particular symptom is larger than the 
percentage in the control group, Two of the eases of dyspnoen found 

- 

wy% 

COUGH - n"/. 

.y 1 

se?l 

DYSPNOEA u% 
" IYA i 

[ s— ] 

BLOOD- STREAKED SPUTUM v nz 
Yy 3% L¥4 = 

WEAKNE SS . . % 

M 
CHEST PAIN - % 

V% 2% 1% 

NO DUST LEAS THAN 23 AP S0-99 AVER 100 
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FIGURE 29.—~PERCENTAGE OF PERSONS, CLASSIFIED BY DUST EXPOSURE, WHO 
HAD CERTAIN DISORDERS. 

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

TasLE 23.—Classification of presenl complainis according lo the dust exposure of 
the affected persons 

Miltion perticte years dust exposure 
Notexposed 

to dust 
Present compining fassthan 28 25to 49 50 10 VO Over 100 Totsl 
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Chest pain.. .couecnen aown 1 [l 13 4 ‘2 ] e ” 14 1” 19 

0 0 0 0].-.c.. ? H 1 2 3 3 

1 Data not availabls for all workers. 

Another indieation that these symptoms are an integral part of 
the symptom complex of asbestosis is to be found in the relation of 
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these symptoms to the fibrotic changes that oceur in the lungs. The degree of fibrosis enn be estimated from the Iung-field nmarkings seen on Neray examination, a subject whieh will be more fully discussed in a Inter section. For the present it will be suflicient to say that as n result of long-continued exposure .to nshestos dust the normal or firstdegree exaggerntion of linear pulmonic markings hecome 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 appearunce to the lung field (first- 
82, 
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FIGURE 30.—PeRCENTAGE OF PERSONS. CLASSIFIED BY LUNG-FIELD MARKINGE, WHO HAD CERTAIN Disorpens. 

degree ground glass) and eventually almost completely obscures the linear markings (zecond-degree ground glass). 
Asbestos-exp:osed people have been classified into four groups, ac- rording to their lung-fiecld markings, and the percentage of persons having certain symptoms has been caleulated for ench group. Here again, the incidence of these symptoms increases greatly with increns- ing fibrotie change. Such a relution is entirelv to be expected for dyspnocea, 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 Ktound-glass stage is additional evidence of degenerative changes in the lungs, 
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Tante 26.— Classification of preacni eompluints according to Lung-filld markings of 
the affceled pcraons 

Lung-field markings 

Finstiegres | Recond-degren Firstalopree Secoialecres 
Present compialat linear linent geound gl geottned gl | Total 
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X-RAY FINDINGS 

LUNG-FIELD MARKINGS 

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

FLUOROSCOPMIC EXAMINATIONS 
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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 a given type of lung-field 
marking represents an early or a late stage of a pneumoconiosis, anid 
this scheme has been drawn up to illustrate the probable sequence of 
lung-field markings that oceurs during long-continued exposure to a 
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pneumoconiosis-producing Just. During medieal studies of antlirn- 
cite miners, for instanee, all of the stages represented in figure 32 
were found. Among nshestos-exposed waorkers, on the contrary, no 
ense was found which had progressed heyond the ground-gluss stage. 
This constitutes a dilference between asbestosis nind silicosis that 
Merewether (25), Lanza (18), and Pancoast (29), among others, have 
commented on. Further investigntion will be needed to decide 
whether this difference i due to n peeulinrity of ashestos dust or 

SCHEME OF X-RAY INTZRPRETATIONS 

LUNG FICLO APPCARANCE R-RAY 
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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 typicnl case of asbestosis the lower half of the chest X-ra ¥ film 
has a fine, granular appearance which Merewether (25) aptly de- 
scribes s “ground glass.” Not infrequently, there is more fibrosis on 
the right side than on the left. The presence of emphysema in the 
npices, 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. . 
"3 Unpublished data, 
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[ ' Occasionally, in an ashestotie chest, the heart has a shaggy outline 
© when viewed roentgenographically, n phenomenon discussed by other 
" investigators. This seems to be of more frequent oceurrence when 
v the worker has been exposed to dust containing n_high proportion of 

fibers (the dust produced in twisting or broadcloth wenving, for in- 
stance) than when he has been exposed to short ashestos particles, 
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FIGURE 33.-:-PERCEN1'AOE 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 EXPOSED 
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 absence of tuberculosis or other infections. 
The principal difference discernible on an X-ray film 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 dificult to decide whether a 
. 
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particular film represents an carly or an advanced stage of pulmonary fibrosis, : : 
There is, of course, an inerense in the prevalenee of lung fibrosis with advaneing age. Beenuse ground-ghss appearsnce of the lung fields, which is indieative of fine, interstitial pulmonary fibrosis, is 0 most important dingnostic sign of ashestosis, it is necessary {o evaluate the relation of this condition to nge 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 em ployed in a dusty trade; the other group included $0 men engaged in mining and refining kaolin by wet methods. The percentage of men who have a second- degree exaggeration of the lincar 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 §0 men exposed to marble dust; 18 percent had second-degree linear markings, 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 of discrete, nodular fibrosis wers found. 

In every nge group the proportion of asbestos-exposed men who had 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- Inted with age is that the older people have been exposed to asbestos . TARLE 27— Relation of lunge-field markings to age: Men sccking employment in a }huly trade for the first time, kaolin workers, and mcn employed in asbestos testile aclories 
. 
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dust for the longest time. Tt would be important to know whether 
susceptibility to asbestosis varies with nge, but these data do not seem 
to be extensive cnough Lo test this point sutisfuctorily. K 

The prevalence of ground-glass lung-field markings increases greatly 
% with increasing length of em- 

ployment, as figure 34 shows. 
The incidence of ground-glass 

% lung-field markings also in- 
creases with increasing dust 
exposure. 

2% In figure 36, which is based 
on tuble 28, the heights of the - 
vertical bars represent the per- 
centages of asbestos workers in 

42 different exposurc groups who 
CEL I L had gmund-fglnss lung-field 

FIGURE 34.—RELATION OF GROUND-GLASS markingsof 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 hecause they are based on small numbers of 
workers. This is particularly true in the groups with more than 
10 years’ employment. sop - ' - 

Considering the four ’ ary 
dust exposure groups 
one at a time, there is 
a consistont and regular 20t 
increaso in the percent. " 5% 

« OF WONKEAS e 14 % 
ago of persons with ad- 
vanced stages of lung 
fibrosis with incrensing 
length of employment. ' 
Age, of course, also in- r_.....?i. 
creases with length of e Y Qe PO T T ovEn 70 
cmployment, but these OUST CONCENTRATION, ALION PARTICLES PER CU. FT. 
fibrotic dmngcs cannot FIGURE 35.—RELATION OF GROUND-GLASS LUNG- 1§ 

. FIELD MARKINGS TO DUST EXPOSURE. 
be ascribed to advane- : . 

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 exposed 
to siliceous dust. 

Obviously, there are great differences between individuals 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 § years and in others it appears 
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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 
occupntion, shallow breathing might be adequnte to meet o person’s 
respirntory needs; sueh o person wouldd 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. 

TARLE 2R~Proporlion of nabestos lextile workers with ground-glass lLung-field 
markings 
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It will be noted that the relation between dust exposure and the 
incidence of ground-glass lung-fickd 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 proportmnutvl\ lm\'vr at 10 to 
1.9 million particles per cubic foot thau it is at the next higher or 
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next lower dust eoncentration, Although it is probable (hat these 
differeneces represent sampling errors due Lo small numbers of éxposed 
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 eount tabulated abive would not be a completely 
satisfactory measure of the pneumoconiosis-producing poiver of 
ashestos dust. : 

It is not unreasonable to suppose that the amount of pulmonary 
fibrosis might be more closely related to the weight of inhaled asbestos 
dust than to any other physieal property of the dust. The number 
of dust particles can be used as a rongh estimate of the weight of most 
dusis (Iaboratory studies have shown that the two quantities are 
highly 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 GROUP WHO HAD FIRST, SECOND, 
OR THIRD DEGREE DIAPHRAGMATIC FIXATION HAS BEEN REPRESENTED BY THE 
HEIGHT OF VERTICAL BARS. 

of ushestos beeanse, 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 diseussed (p. 23) and only one 
additional point need be mentioned here. .\ fiber 50 microns in 
length is capuble of rexching the lungs (table 37); it would be counted 
as one particle in making dust counts, and yet it wonld have approxi- 
mately 30 times the weight of a fragment of the same filer 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 a3 the other if both were inhaled and retained. Unfortn- 
nately, nweasurements of the weight of dust in the sir were not made. 
I they had been, it is possible that the relation hetween ashestosis 
and dust exposure might have been altered, 
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DIAFITRAGM 

During lnoro-copie examination of the ehest the degree of move- 
ment of the diaphreagin 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 
severe degrees of impairment likewise increased. 

TamLe 20.—Occurraner af diaphragmatic firation in rdation lo million particle years 
of cxposurc’ 
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This i= shown in fizure 37 where asbestos workers have been divided 
into five groups (one of them a control group). according to the total 
amonnts of ashestos dust to which they have been exposed during 
their working life. Only two of the 76 controls had any impairment 
of diaphragmatic movement. For ench gronp the pereentage with 
normal diaphragmatic movement, and slight. (<), moderute (4--1), 
or severe (- 4- -k dinphragmatie fixation has been ealeulated. These 
pereentages have been represented by the heights of vertieal bars, 

Severe forms of diaphrmgmatic fixation aecompanied 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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Dixphragiatic aboormabition, saeh as peaking, did nol ocenr to any 
siemificant extent inashestoo worker< altheush the s s comon nmong 
persons with silicosisc Inoa stidy of wranite workers earried on by the 
Pablie Health Serviee (15, 008T): “lereaudaritios of the dinphesam were 
rather constant. Forty peceent of cases had-evidenee of it, and as the 
condition advanced there was an inevease in choazes of the dinphirmg- 
matiec shadows, There were instanees in which anculation of the 
diaphragm was in evidenee, and others which showed indieations of 
extensive adhesions.TM In a study of anthracite miners carried on by 
the Publie Health Serviee (31, p. 38): “Decrease in the motiility of 
the diaphragm as demonsteated by fluoresecopy was freguently 
ohserved. This mallunetion, varving from slicht to practieal fisation, 
increased with the severity of the pulmonary pathoelosy. Not in- 
frequently adhesions between the viseeral and dinplragmatic pleurn 
could be seen.” On the contrary, in ashestosis, with the exception of 
one man (fig. 48), there was no roentgenographic 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 Inngs and hinding of the lungs to the parietes 
and the mediastinal struetures by fibrous pleuritis. (See pathologien] 
section.) 

PHYSICAL FINDINGS 

The objeetive symptoms that are most frequently observed and most 
useful in establishing a disgnosis of ashestasis are general appearance 
of ill health (particularly any signs of loss of weight), the condition of 
the finger nails, and diminizhed chest expansion. These symptoms 
obviously appear late in the course of the disease. The useful chest 
sigh= seem to be fimited to adventitions sonnds, Diminizhed breath 
sounds, prolonged expiration and eraekling riles over the bases of 
the hungs and interseapular regions seem to accompany ashestosis, 
Varions riles and adventitions sounds were heand in the chests of 
5 percent 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 exaggzeration. 
However, in the group of persons with gronnd-glass hing-field markings 
(pérsons who had ashestosiz), 49 pereent had riles or other adventi- 
tious sounds. In about two-fifths of the eases, riles persisted after 
cough, 

Changes in the perenssion note are hard o evaluate, probably 
beeause the eondition tending to give o dull note is connterbalaneed 
by weneralized emphysema which produees hvper-resonanee. The 
ab-enee of loealized areas of conglomerate fibrosis and loealizod areas 
in which there s marked compensatory cophysema obviously ge- 
connts for the Lick of mare definite findines, 
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6.3 

CHEST LXPANSION 

Chest expansion deereases with inereasing dust exposore and with 
inereasing pulmonaey fibrosis. © Ashestos-exposed men were divided 
into four groups aceording to dust exposure, and the average chest 
expansion and the average chest girth at expiration were ealeulated 
for each group. The same men were elassified into four grovups on the 

PHYSICAL EXAMINATION 
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Heart: Size, Normal..._....... .. Enlarged . . .. ... . Pesition, Noremal .. ... ... ... 

Transmitted ... _....._ .. .. 

Hernia oot riimm e cccecicenenieeer e Enlarged Ringsy P 

Eatremities: Clubbing . . . <. Cyasesis eees Rewed rails . i im ceeo. Fdewa._ ... ... 

Special marke of identifiention . .o iia e 

Remarke ... ..ccoueevivercnncccccaccaronacnessmniccamarmes - commee 

E ined by: 

FIGURE 38. -FORM USED FOR RECORDING PHYSICAL FINDINGS. 

basis of Inng-field markines, and similar ealeulations were made. 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- 
vanced pulmonary fibrosiz. On the contrary, the average chest girth 
inereases slightly with inereasing dust exposure and with inereasing 
pulmonary fibrosis. Several factors may have contributed to the 
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Lntter phenomenon and the available data provide no means for 
diseriminating between theny, Sinee the trend is <hicht it may be 
disregarded. The ratio of vhes( q-\|r|n~inn to chest girth deereases with 
inereasing dost exposure and with inereasing pulmonary {ibrosis, 

Tane 300 Redation of avecage olo st orpansion to dusl virposin in male ashestos 
workers 

et expmsiire, midlion gpartiele years 

Tass than | Biow | tom | Over 100 
Chest expansion, inches ... ... ..o L. | 102 2.7 2,659 ! 298 
Giirth atexpiration. inches_ .. .. e s XAy X304 3410 RINEE) 
Ratio of expansion tngieth. . .00 T o2 0N | U709 %9 

Tanvw 3 RNlation of wrorage ehest cxpansion to Lowy field wackings in male 
asl stos waorkers 
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| 
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grouad Jkree ground 
pinssg | ' gliss 
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Crivth ot expiration, inches. . .............. sk By Jl ke 300 3L 
Ratin of expansion to gitth. e vvevneiuvvnn .. AR 7‘i . DR . On2 
Sy ——— s ——— © o — o " -] - — 

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. 

Tanre 32—~ Arerage chest cxpansion of males 

Fmpinved in ashestng I I ; Expweed to kanlin h~\'l|h- Laetarios but P""""'"Il'" Astnstns 
not exgursed to st Hust 

Age — [T— S et i~ 

Numbwe nll Average [ Number of Average ' Numberof, Averace 
cmeninage, chest v meninage D chest exe meninage | chest ex- 

group | piansion geoup ‘ frvngion i geonrp | pansion 
1 3 
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HUto 49 avacnmans 1t 2.59 k) 20 47 ' 2,45 
it 8| bineneamess L3 317 3 N 16 235 
ehtade, LTI T 4 28 2 ‘ 2.0 2 ] 2.00 

Externally, the thorax shows evidenee of limited respiratory 
movement; the supta- and infra-clavieular fossae are conspicuons; 
the anterior-posterior dimmeter of he chestis 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 he hypertrophied, In other words, the genernd 
appenranee of the chest i« that of fibroid phihisis plus emphysema. 
Among the conditions that may reduce ehest expansion are plenral 
adhesions and the relafive inelastieity of fibrotie lung tis<nie, 

RESPIRATORY RATE 

The direet effect of pulmonary fibrosis on respiratory rate may he 
coen in tnble 33, Before the evereise test the respiratory rate of males 
with ground-glass Tung-field ma Lings was higher, but not sienificantly 
<o, than the yespiratory rate of males with first degree Tinear exaggera- 
tion of pulmonic marking=. The exercise test consisted of having 
the subject stand with one foot on g box 14 inehes hich and to raise his 
other foot to the level of the top of the box 25 times in 30 seconds, 
The respiratory movements were counted during a 13-second period 
preceding the test, during a 15-sccond period immediately after exer- 
c¢ise, and during o 1a-sccond period 2 minutes after the test. Exercise 
raised the respiratory rate of all four groups of men, but the rise in 
respirntory rate was dependent upon the degree of pulmonary fibrosis, 
the men with ground-glass Jung-field markings heing affected most. 
After 2 minutes’ rest, the fall in respiratory rate was again dependent 
on pulmonary fibrosis. The respiratory rate returned most closely to 
the preexercise rate in men with normal pulmonic markings or with 
first-degree linear exaggeration of lung-ficld markings. The return 
to the preexercize rate was clower in men with ashestosis (ground- 
glass Tung-field markings). 

Tapty 33 Redatiow of respivafory rale to Lung-fisld markings in male axbestos 
workerx 
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Similar relations were found in a study of anthracite miners. [n 
men with anthraco=<ilicosis the vespirntory rate was definitely hizher 
than in essentially novimad men before sexercise, affer exereise, and 
after rest. 3 

CLURBRING OF FINGERS AND CURVING OF NATILS 

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 deseribed by the term elubbed fingers. 
Usually it is accompanied by a downward eurving of the end of the nail, 

The affection is ahmost always bilaterally svmmetrieal and often 
involves the toes as well as the fingers. Tt is common in pulmonary 
tuberculosis. In bronehieetasis, cempyema, and congenital heart 
disease it may he seen in its most exageerated form, Sueh exagrera. 
tion, however, was comparatively rare in this stady, In o sty of 
2,711 (31) anthracite workers, (he deformity, recardless of degree, 
was observed in about o third of the workers having anthraco-silicosis, 
but was present in only 4 pereent of the eontrols. The real signifi- 
canee of the affection Ims not bheen determined. Nowris and Landis 
(62) state that in all probability it is a manifestation of long-standing 
toxemia associated with phithisis or hronehicetasiz, The bronehice- 
tatic and emphysenmtous changes noted in the ashestotie lung at 
autopsy probably account to a great extent for the occurrenee of the 
change in the workers with ashestosis. 

Tante 33« -Numwhrer and pereenl of ashestos-crposed workers wha hoed clubhed fingers 
or curred Jingor nails, classified by bing-ficlid mnrking 
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Five control: (6 pereent) had curving of the nails, This pereentage 
was mueh higher (19.2) in the axbestos-exposed gronp, Thirty-nine 
pereent of the workers with first- or second-decree ground-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 (36). 
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Henrt defeets were no ore numerous than in i 
weneral. They were 
pulmonary fihrosis in 
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ASHE STOS 13NN 

Ashestos eorns are wartlike eallosities, 1 o to 5 ounin size, 
asually located on the palmar surfaces of hands or fingers aml ocen- 
sionally on soles of feet or on the legs (see fig, 394), Their presence 
on the palmar surfaces of the hands is explained by the fact that 
workers, on breaking threads of ashestos, foree tiny slivers of nsbestos 
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 
moxst conmmon 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. 

TAnLE 36, Drresntuge of ashestos workers who had asbestos eorns, classified by 
sceupalion t . 

' Number 
: Numbher with Pereent 

Occupmtion employed | usbestog | with ¢orns 
cnrns 

bt BU 21| Ly ¢ USSP DRSPS 14} 2 n 
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Tape aned Bk Hning WOAVETS. ...l ioniaaseaaeecnanaen ki 11 3 
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Cloth WeAVEPR . . o iiicr e cenniaras ccmaccocsnmeccacmasns . a6 S n 
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Yarn sponlers aied winders o mmrimsieecaceaeamnaean TM 11 17 
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Pro-emploVment . iiiinacmeaianimmanecs eee caeminos s s " 0 [} 

t Poes not inchide 17 recently Jdischarged workers. 

Mieroscopically, 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 is noted partieularly 
in the papillary layer of the dermis. Ashestos fibers or erystals are 
also seen and they are regarded by Dewirtz as the agent n-~|mn~|h|o- 
for the tim'iwnm;; of the rete mucosum, basal lavers, and the giant- 
cell formation. Gloyne (16) has also found asbestos fiber in the corns, 
but noted that ashestosis bodies of the type observed in ashestotie 
lunes and sputum were absent. The workers have themselves called 
these little tumaors “ashestos eorns,” or asbestos warts. Not in- 
hmnonnv the corns beeome very tender, particularly when pressure 
is applied to them in the course of handling tools or machinery. On 
aceonnt of the pain, the workers will attempt to remove the <pieale 
of mineral with & pen knife oe some other <harp insteument, Should 
the fiber be incompletely removed, it recurs with sreater ll}'])l‘l‘[)!:l.\'i:l! 

‘ 
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heenuse of the aelided tramma. Nost of the workers <o aillieted insist 
that every bit of fiber musl he removed hefore the corn s cured. 
Only oeeastonnlly, however, i< medieal relief soneht, aned i sueh enses 
Dewirtz (10) advises complete suraienl removal. 

LABORATORY FIN BINGS 

ASRESTOSIS ROBIES 

Unusual struetures have heen ohserved by several investizators on 
histological study of the lung tissue of men who had died from as- 
bostosis hut no detailed deseription appeared until 1027 when Cooke 
(®) and MeDonald (22) published photnmi('mgmphs amd discussed 
the conditions wunder which ashestosis bodies are formed. Their 
papers apparently awakened interest in the subject and several papers 
on ashestosiz hodies appeared soon afterward. 

The [ollowing review of the literature on ashestosis bodies is far 
from complete, but it will serve to indicate the kind of information 
that has been put on record thus far. There is gowd evidenee to 
show that these bodies originate as a cellular vesponse to an inhaled 
ashestos fiber. The core of the body is an ashestos fiher which is 
surrounded by protein deposits, Apparently ashestosis bodies are 
formed only in the lungs. They have been recovered from the feces 
(36), suggesting that they pass unchanged through the gastrointestinal 
tract. They have not heen demonstrated in the ashestos corns which 
form on the hands of a<hestos workers (10, 57a), nor in the peritoneum 
of experimental animals (57) into which the dust has been injected. 
Gardner (37) found the “hodies” in the Jungs of dusted guinea pigs 

A b 1S =" 
but for some unaccountable reason found them to he sparse in sini- 
larly exposed rabbits. The bodies can usually be demonstrated in 
the sputinm of patients with ashestosis, although, according to Lynch 
and Smith (3%), the sputnmmay he negative on repented examintions 
even in well-established cases. For cases of this type, lung puncture 
(40) lias been sigreested as diagnostic procedure. 

Ashestosis bodies are variable in form (fiz. 39q) and in size (table 37). 
Characteristically, they are slender, clongated, ceemented struetures 
with bulbous ends which give them a dumbbell or drumstick shape. 
Oceasionally, a forked or Y-shaped bady such as {he one marked J7 
in figure 39 is encountered. A rosette such as the one illustrated in 
the center of fignre 390 was ohserved only once in the examination of 
sputum samples from 281 persons. Rosettes, however, are common, 
in scctions of lung tissue. Stewart, Tatersall, and 1addow (41) 
say, 

W saggest that fhe fiedines of a large clump or clumps of a.;!w.sinsis bodies in the 
sputum as here deseribed is n clear indieation of disintegration of long tissnee, 
whether by n process of simple suppsirative hroneho-pretnonin, as in onr first 
enne, or ax n resnlt of seenndary tnberenious infertion, Tn vither ease it ix renson- 
able to conehide that there is alen n detinite welerlying astwestosis, 
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FIcunE 19A ASBESTOS CORM ON THUMB OF 16-YPAR-OLD MAN £rPLOYED 4 
YEARS IN THE CARD ROOM OF AfL ALOESTOS TEXDILE FACTORY PREVIOUSLY 
EMPILOYED 13 YEARS IN COTTOM AND WOOLEN [EXTILEL MItLS. IPHOTOGRAPH 
OF MOULAGE. 2X, 
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The ashestosis bodies ilustrated i figure 39 show some of the 
variations in size and shape seen in sputum smears. Five of these 
ashestosis bodies (4, €, 1), FL, Ky 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 7' years, expostd {o 
an average dust concentration of 8 million. particles per cubie foot. 
Becanse he made no complaint of any of the major svmptoms of 
achestosis and beeanse his ling fields were second-degree Jinear, no 
dingnosis of asbestosis was made. The bodies Inbeled ¢ and I enme 
from another mule spinner, a 37-vear-old man employed 2 vears in 
an average dust coneentration of 7.9 million particles per ecubie foot, 
Except for a congh he had none of the symptoms of nshestosis and his 
lung fields were essentially normal. 

In seversl photomicrographs of the “ashestosiz hody,” the n=hestos 
fiber iy be seen cleardy. The bodies are somewhat fragile, and frog- 
ments (such as L in fig. 39) often oceur. Instained speeimens ave 
golden vellow or golden brown, They do not stain with the aniline 
dyes ardinarily used in histology, but they stain blue (prussian-blue 
renction) when freated with potassium ferroeyanide.® 

Ashestosis hadies enn be demonstrated on sectioning hing tissue, 
Sinee they arise as a tissue reaction to an inhaled a<bestos fiber, their 
gize is important heeanse it indieates the length of the ashestos fibers 
that may reach the Inngs. The greatest length of the first 168 
ashestosis bodies found during the study of prepared sputum speeis 
mens was measured on eamera-ucida drawings, Every ashestosis 
body was measured and the frequeney distribution of these mensure- 
ments appenrs below, 

Tannt, 87, Froqneney disteibution of the Tengths of the first 16N axhestasis bodies 
fouwrsd in sputum Smears 
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The ashestos bodies rmnced 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 
be 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 a concept that has been gaining support in 
recent years, namely, that particles beyond 10 microns in size reach 
the alveoli. Measurements indicate that the dinmeter of air sacs 
may be from 150 to 300 microns in adults, or, in other words, of such 
a size that ashestos fiber or resulting usbestosis bodies may be readily 
accommodated, 

Ashestosis bodies were found more frequently in the sputum of 
persons who complained of n persistent cough than in the sputum of 
persons without n cough. Thix is a reasonable finding, since the act 
of cougling tends to raise materials from the Jungs, Ilalf 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 hodies were found in the sputum of 46.9 percent of 
persons whose condition was dingnosed as ushestosis. .\ much smaller 
proportion, 243 pereent, of essentinlly normal asbestos-exposed 
persons had ashestosiz bodies in theiv sputum. Thus, it appears that 
the presence of asbestosis bodies is evidence of exposure to ashestos 
dust, but it is not neeessarily a dingnostic sign of asbestosis. Asbes- 
tosis bodies were found in the sputun of persons who had been exposed 
to ashestos dust for as short a time as 3 month<. Of the workers 
employed less than 1 yvear, 22.5 pereent hud ashestosis bodies in their 
sputum. .\ larger pereentage, 38 pereent, of workers employed more 
than 5 vears 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 muceh higher. 

N o asbestosis 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 

| Nt I Number ! 1'ereent 1 
Weirlhted dust exposure” " { with shese with ashes- 
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RESULTS OF TESTS ON URINE 

Each person emploved in the three ashestos plants studied was asked 
to bring a 24-honr <ample of urine in a metal container provided for 
that purpose. In addition to the standard clinieal tests, the silica 
content was determined by the method of King and Dolan (59).7 Of 
the 416 persons exposed to nshestos dust at the time of the study, urine 
analyzes 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 08 white females; and in the urine of 3 of the 57 
negro males tested. Only one sample of urine (from a white male) 
contained sugar (Benediet's test). These rates of incidence are no 
higher than in the controls and, insofar as publizhed dataare available 
for comparizon, they scem to be no higher than the rates generally 
found in industrial populations, 

Tanvk 30« Wdation of urinary gilica to dust exposure 

. st exguisre, million portiches pee cubic font 
U rinary silien Controls 

[ otodn | sne ! mmm,sai Over 
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Silict was present in coneentrations 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 

Ctrie procesds 0 o hedeternmation of sittea in the onee consizts in the presluction of o sileos 
miples b oo s b te give a Blue color, the depth of color beng prog oftional to the S ek 

meedybdie ot 
atn-mnt of <t present, 
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dust-exposed persons fluctuate ahove and below the value for the 
control. The total datly ilica output was ealealated by mnltiplyving 
silien concentration by the solume of wvine exereted i 21 hours; 
these values (table 203 also show no simple relation to dust exposiire, 

Urinary siliea analyses are available for two other sroups of people 
whose dict resembled that of ashestos worlers in consicting lirgely 
of vegetables: The urtne of seven male collese <tudents livine in the 
same eity avernged 2.6 me per B ee (based on sinede speeimens, not 
24-hour samples). An earlier survey of an indostrial plant in Ten- 
nessee nade by the Public Health Serviee ® showed that the daily 
stliea ontput averaged 20802 0.20 mg, a value very close to the mean 
silica output of nonexposed ashestos workers. 

Diet plays an important part in influencing urinary siliea con- 
centration as King and Dolan (59) have demonsteated on experimental 
animals, X predominantly vesetable diet, with it= hizh silies content, 
leads to o high arinary silien output. It may be that the dictary 
intake of silica was <o great ns to totally mask any possible effect of 
sthieate absorption throush the bingz. In any ease, the phenomenon 
reported by King and Dolan for gold miners (59) and by the Publie 
Health Service (31) for anthracite miners, namely, a hizher siliea 
exeretion in men exposed to siliea dust than in nonexposed eontrols, 
does not appear here. The urinary siliea coneentration of the achestos 
workers is higher than that reported for the two occupational groups 
just mentioned, and this appears to be largely due todietary differences. 

Silica eoncentration inereased with inereasing specifie gravity. 
The silicat content is, of conrse, foo low to influence the specific 
gravity diveetly. Instead, it appears that the two values may vary 
concoritantly, and that the drinking of large quantities of water, 
for instance, would lower both the specifie gravity of the urine sub- 
sequently exereted and its silien content as well. 

Tanew WL Redation of siliea cantont of nrine b sperifie gravity 
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THE DIAGNOSIS OF ASBESTOSIS 

In preeeding sections of this bulletin the siens and symptomws of 
ashestozis have been treated one st a time or two at o time in order 
to show their relationship (o dust exposure. In this and the two 

- following sections the symptom complex of nshestosisand its relaiion to 
%&-M)usurv will be disenssed, 

L 

7 .- 
ST agmblchel data, 

- 
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()t'('w)mfiumn' hidory, In esinblishineg o diaenosis of ashestosis, il 
j& important to exclide the pos<ibility that the ohserved éffects may 
have resulted from inhalation of another kind ol dnst or some other 
disense process. An early case of <ilicosis, for instanee, might present 
signs and symplems whielh would differ from those of ashestosis 
mainly in degree. A dinemosis of ashestosis should be made only 
when the acenpational history shows previous exposure (o ashestos 
dust and no heavy exposure to other siliccons dust. 

X-ray findings.- Althongh the ground-glass markines that are so 
charneteristic of ashestosis are wstally Joealized in the basal portions 
of the lung ficlds, nevertheless all recions of the chest must he examined 
roentenographieally in arder to deteet signs of other disease processes 
that might complicate dingnosis. 1t is important. of course, to look 
for the signs of pulmonary tubereulosis. The distribution and the 
character of lung-field markings are significant. Shageiness of the 
heart shadow (see p. 36) has heen mentioned hy several physiciuns 
who have reported cases of ashestosis. The physieal findings should 
be relerred to whenever eardine enlargement i found during the 
X-rny examinafion. A considerntion of - the chest shape of the 
individual will sometimes modify the interpretation of certain of 
these findings. Fluoroscopic examination is, of course, the best 
meuns of detecting diaphragmatic impairments, but valuable informa- 
tion ean often be gained from a study of a chest X-ray film. Heavy 
pectoral museles may cast an X-ray shadow which resembles in a 
single plate the shadow east by the inereased fibrosis in the bases, 
This possibility must alwavs be kept in mind during the examina- 
tion of chest Xeray films. Notes on the thickness of the chest 
museles should be entered on the physieal examination form, or stereo 
films should be made in order fo ohvinte this source of error. The 
presence of hronehioetasis esmsed difficulty in dingnosing one ense. 

Classification of Tung-ficld warkings. —In thiz study, after examin- 
ing an Xe-ray film and Dbefore making o dingnosis, the fils was elossi- 
fied necording to the pature and degree of fibrosi< into one of four 
clusses: first= or second-degree linear exaggeration of the Iune-ficld 
markings or first- ov second-degree ground-uhi< Jung-field markings. 
There is good reason to helieve that these four classes represent 
succossive stages through which a tyvpical casze of ashestosis would 
pass under continuons exposure to ashestos dust, Sinee, as has heen 
said, the ground-glass markings appear first in the hasal portions of 
the lung fickds, it follows that any given chest film might have nreas 
in which the markings were wround glass and other areas in which the 
markings were lnear. Usually the hasic of classifieation has been 
the type of marking that predominates in the Tower third of the visible 
lung field, ’ 
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In order to show the<e markings on g lareer seale than would he 
possible il the entire il were reproduced and to illusteate this system 
of classitieation, ficnre 40 hos been prepared, 

Sypeptoms. - Dyspnoea, cough, blood-tinged sputim, pain in the 
chest, wenkness, deereased chest expansion, curving of the finger nanils 
and adventitions chest sounds are svmpfoms which also oceur in 
stlicosis. 1t is possible to differentinte pulmonary ashestosis from 
silicasis by history of exposure to ashestos, the presence of ashestosis® 
bodies in the sputun or lungs, and by the type and distribution of the 
X-ray muarking<. With reference to ashestosis hodies in the sputum, the 
data show that they may appeavafter 3 months’ exposure. They show 
evidenee of exposure to dust, but not establizhed disease. Lyneh and 
Smith (38) reported difficulty in demonstrating the bodies in an ad- 
vanceed case. The presence of rosettes as illustrated in figure 39 lias 
heen reported to he of greater dingnostie signifieance, 

Noaadvuneed eases of ashestosis of the bed-ridden ta pe were observed 
in the present study. Reports (13, 20, 26, 32) of futal American 
asbestosis eases which were relatively uncomplieated 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, eyanntic, 
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 (fizure 41) and of a chest 
showing advanced silicosis (figure 42) have been included for purposes 
of comparison. Infignres 43 to 51 which represent ashestotic 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 lung-field 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, ' 

§ Conke has reported somew hat similar bodies in the sputum of authencite miners, bue they scent to differ 
morphologicatly from ahestoss bordies. 

Dreessen and Others, A Study of Asbestosis in the Asbestos Textile Industry (1938)
ACL Doc 11365 · Page 85 of 134

Published by AsbestosClaims.Law

asbestosclaims.law/library/11365/85

https://asbestosclaims.law/library/11365/85


N 

b
t
 

7
. 

FIGURE 41 .- NORMAL PULMONIC MARKINGS. WHITE MALE, AGE 23, 

Note the linear type of pulnonie markings usually seen in the chest rovntgenn- 
wram of an average ihistrial worker pot eaposed to adust hazard. This manp 
bad workest 3 vears in the slecorating department of 1 puttery aund 2 years at 
general ontdoor Iabor, 
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FIGURE 42.— SILICOTIC PULMONIC MARKINGS. WHITE MALE, AGE 51. 

Nafe coarse nodilar appearanee, with heginning conlescenee of these shadows 
in the upper half of the left. Moderate emphysena both bases and slight medinse 
tinal distortion. Nodular markings of the type here shown were not noted in 
ashestos cmployees, 

“HIWE 
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FIGUNRE 47.- EARLY ASHESIOSIS. WiiTeE MALE, AGE 29. 

Occnputional history, - Carder (asbestos), 11 vears: nondusdy trades, 512 vears. 
Estimated dust exposnre, —(a) 35.3 million particles pee eubie fool, (hy Million 

particle years, 159, 
No signifieant past medieal findings or complaints, 
Physival examination - Intermedinte, stender white alde, Height, 677 inches; 

weight, 142 pounds, Rather Jong chest; expansion, 2 inches, No change in 
fremitus, breath soundsz, or perenssion note. Blood pressare, - 168 118, Pulse 
rate, 96, 120, and S0 before, immediately after, and 2 minates after Minctional 
exercise, Urinaey silien, 5.2 mg per 100 ee (21-hour catpad, 353 m). Routine 
uwrinalysis negative; speeific gravity 1.022, 

Naray, -Fiestelegres gromel-glass appearance aot guite obliterating the eoarse 
linear markings, Note the fine, close-set retieular markings just off each hilwn 
aned the apices remining quite elear, 

Diagnosia. - Farly ashestosis without symptoms complicated by hypertensive 
heart disense. 

b
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FIGURE 44 —EARLY ASBESTOSIS. WHITE MALE. AGE 39, 

Oveapational lestary, - Mule spinner (asbestosd, Jast 15 vears; roving attendant 
(nxbestos), T ovear: notlusty trades, 8P vears, 

Postimabed dust exposure. 1o Weighted avernge, 1.5 mithou particles per eabic 
foot. (5 Million particle vears, 168.2 

Past medieal.—Shrapnel wound right parietal region of head, Qctober 1018, 
Bilateral paeumonia as a child, 

Com pluints —Slight wenkness, 
Physical s ramination. Taternwdiate build, fairdv well nourished, Height, /6 

nehes; weight, TH pornds, Chest expansion, 34 inches, Blocd pressure, 136 82, 
Pulse rate, 83, 120, and 84, and rexpiratory rate, 16, 21, aud 1% (respeetively 
before, innnediately after, and 2 minates after functional exercise test), Infers 
mediate chest type with slight inerense in A- P diameter of chest. Few nonper- 
sistent ernckiing rales at right base. Ashestos corn on palmar surface of left 
wrist., Stight evunosis of lips and nails. A dusky red east to ears. Sputum 
negative for . Cabe cenlosis ane ashestos bodies, Urinary silica, 3.6 mg per 100 ee 
(21 bours, 21.5 mes, 

Fluoroseopy, ~Moderate (23} limitation of dinphragmatic excursion, Hila 
mnderately inereased in size and density. 

Neray. Nute the firstodegree grainy or grond-gliss appearanee, not oblifer- 
ating the Yinear warkings, givimg general retienisr appearavee to lung fields, 
Gieneratized tibre s b 

Dangpressis, Abhe b 2 
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FIGURE 45.—~MODERATELY ADVANCED ASDESTOSIS, WHITE MALE. AGE 46, 

Ocenpational history. Browdeloth weaver (asbestoss, 7 veites 3 mouths, Pre- 
vionsiy in nondisty trades, 1530 vears inchiding 10 vears as furmer, 

Extimnted dust o3 posuee~-(a; Weighted exposare, IS million particles per cubic 
foot, (b Million partiele vears, 109.2, 

Past medical ==Tonsilleetomy, 1915, Pleurisy, right, Mareh 1926, 
Camplaints~=Dry, hueking morning congh for 3 vears produetive thick mueoid 

sputum, Stight despnoca, 2 1o 3 vears, Blood=tinged sputmn, 
Plnsical cxamipation - -Height, T0 s inehes. Welght, 160 pounds, Blood pres- 

sire, 130 82, Pulse pate, T2, 88, aud 685 respiratory vate, 25, 28, and 21 (hefore, 
immedintely after, and 2 minutes after funetionsd exercise test), Patient com- 
pleted only abont Ll of preseribed exereise. Clest expansion, 1 inch, Shoulders 
comewhat rounded, Craekling riles heard over both Jungs on guiiet breathing, 
aud these poersist after eongh; 20 curved finger nails; 3.1 e silirt per 100 e 
tsingle speetmen), ’ 

Fluvrasenpy. - Lelt side of diaphragm moves more frecly than right; 25 Hmida- 
tion of excursion, expeeinlly on right, 

Veray~Shows seeotd-dewree gronudeghsz appearanee obliterating u-aal linear 
pubmonic warkings, 1t alo shows prepomderance of fibrosis in the bases of hang 
amd shagey appearanee of heart shadow, 

Dinguosis. A<hwstosis 3 tmeslerately advaneed), 

R 
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FIGURE 46. - MODELRATI LY ADVANCED ASDBESTOSIS. WHITE MALE, AGE 40. 

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

Fstimated dust crpocie. tmy Weighted avernse, 1325 million particles per 
eubie foot (b Million particles vears, 175.7. 

Past medieal. iflucnza and poeameonia, 1919, Freguent disabling coleds, 
Complainls, None. 
Physical sxamivation. ITntermediate white mede. [eight, 70'% inches; weight, 156 ponnds. Iotermedinte chest shape: expansion, 2 inchies, Drry, musical riles over bases of Tnngs. Urinary silica, 3.6 mg per [0 ce 2 1-hanr output, SO mgr. Sputimn not examined. 
Fluososeopy. - Showed . <light Timitation of diaphrarinatie exeursion right and left with first-degree ditfuse gronmd-gliss appearanee of the lnng fields, Nere - Shows firstedegree granular appearance not obliterating the linear marking<. 1t illo=trates the fine retienlar fibrosie gesoriated with this condition and the tendeney to be most dense at the bases of the hings. 
Diaguosis. - Ashestosis 3, 

A - 
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FIGURE 47 — MODERATELY ADVANCED ASBESTOSIS. WHITE MALE. AGE 49. 

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

Estimated dust erposuee -iny Weighted average, 7.9 million particles per 
enbic foot. thy Million particle years, 2212, 

Past medical. Typhoid fever at age of P Inflaenza, 9IS, Dry plenrisy, 
right in 1031, seennd attaek in 1935 on deft. More than average number of chest 
colds cach year, Kiduey eolie, 1931, 

Complaints. Slight dyspooea, espeeially in climbing stairs. Slight morning 
congh past 2 to 5 years provhietive of small amount of white frothy sputum. 

Phygical cxaminntion.-- Tall, fairly well-developed man. Height 70 inches, and 
weight, 172 pounds. Blond pressure, LIUSOL Palse rate, SO, 100 amnd 805 respir- 
atory rate, 24, 32, and 24 (respectively before, immediately after, sl 2 minates 
after funetional exervise test), Chestis long, and well developed with some flaring 
of the costal margins, Chest expansion, 113 inches. Numerous crackling riles 
at bases on deep breathing and after congh, Sputum dngle specimen) was 
negative for acid-fast haeilli and ashestosis bodies. Urinary silica, 3.2 mw per 
100 ee (21-honr ontput, 23.0 . 

Fluaraseapy. = Diapliragm almost fixed and lung ticlds interpreted asshowing a 
first-degree grovud-glass appearance. 

X-ray.- -Note the fine grainy or gromelgiass appearance fairly well limited 
to the lower twosthirds of each lung field. 

_ Diagnosis—-Asbestosis 3. 
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FIGURC 48, - MNODLRATULY ADVANCED ASOFESTOSIS. WHITE MALE. AGE 39 

Oceupationel history, 
traddes, 7 venrs, 

Fistimated dust s rposure. (ay Weighted average, 1907 million particle. per 
cubie foot. (b Million purticle vears, 430.7, 

Dast medical. Rilateral puewmonin av o ehild. 
venrs, Pyphaid fever, 1911, 

Lowmplaints. - Dry, haeking, morning eoueh produetive of 2 ouneces of white, 
viseid sputur, past 2 years, Shortuess of breath, 205 vears, 

Physical craminntion.. - Fairly well-developed, slemder, white wan.. Height, 72 
inehes: weight, 163 pouneds. Blood pressure, 10170, Pube rate, 68, TH, and 68, 

« Respiratory rate, 21, 30, and 30 (before, innmediately sfier, and 2 minntes after 
funetional exercise test), Chest is Jong, slender type. Fxpansion, 13 inches, 
Heart sounds are distant with o pulinonie second sannd somew bat aceentunted, 

Fluarasenpy. - Veaking of the disphragm both sides. 3 em excursion upon 
foreed respiration. 

Novay. Note the deformity of dinphragn, This ense is the only one showing 
definite deformits i the eroup, The Inng fiehls sere interpreted as showing 
reeotd-degree diffuse prainy or ground-ghiss appearsnee with emphysema, 

Diagoosis. Moderately aduvaneed asbestosis {ashbestosis 3. 

Broadeloth Joom room (ashestos), 14 vears; nondisty 

Rinne divense for the poet 2 
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FIGURE 49. —ADVAMCED ASBESTOSIS. WHITE MALE, AGE 48. 

Ocruputinnal history. - Mule spinner {ashestos), 177 vears (17 vears in same 
room with earding marchines; 11 vears he worked 11 hours o day: pondusty trades, 
17 veuars, 

Istimated dust srpoxare. () Weighted average, 1006 wmillion particles per 
enbic foat. ¢ Million particle vears, T3S, 

Pust medieal. Fregquent ehest eolds, Aerophagia for several vears. Malaria 
abont 1926, Influenza, 1929 and 19032, 

Compduints. -Congh, # vears' duration, possibly somewhat fmproved sinee 
quitting work in asbestox, Severe pruroxvsins of eongh in morning, eansing him 
to vowit freguently and productive of small amoust of tesactous mucoid sputam, 
Moderate dysproen sinee 1925, nonchangel, Lost 13 to 20 ponnds in weight and 
assovinted wenkuess before guttting work in ashestos, 

Phuysieal cxamination. Slender fairly well-developed amd nourished white 
male. Height, 68 inehes: weight, 131 pounds. Rather long nanow chest, 
Chest expansion, 11y inches. Taetile and voiee fremitus apparentiy normal, 
Slight fmpaired resonanee lower hall of each Jung. Numnerous persistent dry 
erackles mastly aver lower portions of lung<, Faint breath scaunds lower one- 
half right and left: 1 - enrving of finger mails. Blood pressure, 35 800 Pulse” 
and respirntory rate, respeetively, 72, 10, and 68 and 25, 82, and 28, (before 
inunedintely after, and 2 minotes after the functional exercise test), Maderate 
dyapnoea following this exervise, Urinary silien (single specimeny, 2 mg per [0 
ce. Spubmm nepntive for acilfast baeill and asbes<tosis bodies, 

Flumoseapy, 20 bag of shaphragmatie esearsion vight el left, Qather poor 
rietioberney boower b fiehds 

Neray, Shows seeoml-dearee graing appearnaee with abinost eanplete obliter- 
alion of linear markineg~. Geneealized lbrosis 2 ), 

Dingnasis. Well-establishusl ashestosis, 
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FIGURE 50, ADVANCLD ASBESTOSIS. WHITE MALE. AGE 55. 

Ocenpational bistory. Preparation departiment Gobestosg, 11 vears; pondusty 
trades, 27 vears, 

FExtimated dnst expmose, (my Weighfed averaee, 359 million particles per 
cubic foot. (M Million particle vears, 315, 

Past medienl. Maxillary simses drained in 193000 Tephoid fever asoa child, 
Camplaints. Dry esueh, H years, productive of 2 ouances of white, thick 

sputim over g peried of 210 hours, Rather severe dospuoca, 3 searse He mnst 
watk very slowly to present dyspooen. Oceasional edema of ankles for the past 
4 years. 

Phyzical craminatina —1eight, 66 inches, Weight, 132 pounds. Blood pres- 
sure, 112 700 Modemte arterioselerosis, Pulse rate, 72, 80, and 68, Respiratory 
rate, 48, 51, and 51 (before, innpedintely after, and 2 minutes after funetional 
exercise testy, Puticol stopped on completion of about one-hadf of preseribed 
exercise, but expressedd o willingness to continne, Clhiest expansion, 2 inches, 
Breathing is Inborsd and shallow. Prolonged expirmtion. Fine erackles appear 
over the lower half of hoth lungs after conghing. Heart is enlarged to the left 
with the aertie seeond sound somewhat more prominest than the palmonic 
seeond. First sound at the apex is split and ix partienlariy soapping elsewhere; 
2 b enrving of the finecer nails, 

Fluoroseopy, XAortie -laedow i definitely widemal, The eardiae shadow showe 
1 inerease in size. Diaphmem on ordinary breathing moves a seant 1 oemg 
3 e on foreed exenrsion, 

Neran, Shows diftuse groundeglies appearanes. Note that et of (he dis- 
tinetly linear marbine s have been obliterated, 

Diagnoxis. Advanes ] asbestosis, 

E 134 1 AN N 3 
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FIGURE 51,~-ASBESTOSIS WITH FIBROID TUBERCULOSIS. WHITE MALE AGE 38. 

Ocrupational history, - Mule spinner (asbestos), 11 years § months; nowdnsty 
trades, 12 venrs, 

Extimatcd dust erpognee~-tar Weighted average, 7.9 million particles per enbie 
foot, o Million particle vears, 8R.5. 

Past medieal.~ Reevived sanatorinm treatment for (uberenloxis 8 months in 
1030, Hadl ponewmania as a child, Appendectomy in 19146, 

Complaints. ~Dry congli past 5 vears, worse at night. Slight dyspooen, S vears, 
Physicol eeamination, -Very thin man, Weight, 131 poands. - Blood pressure, 

100 70, Pulse rate, 72, SO, and 685, Respirntory rate, 16, 16, and 20 Huefore, 
immedintely after, and 2 minutes aftee funetionnl exercise testh. Asthenie type 
of chest. Some deformity of ehest die to seoliosis. Chest expansion, 112 incles. 
Breath sounds are slightly inereased over the extreme right npper. Very few 
dry rides right suprasseapula fossa. Hearts The pulonic seeond sound is mach 
greater than the aortie seeond. 

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

Dingnosiz.- Moderately advaneed asbestosis with arrested fibrotie tubereulosis 
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 asbestosis. The 
reason, of conrse, is that NX-ray examination is the mos direet means 
now available for deteeting the primary effeet of inhaled ashestos dust 
on the boady ; namely, initiation of interstitial fibrogis of lung tissue, 
Classifiention 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. Tanza, MeConnell, and Fehnel (17) and Fulton, 
Dooley, Matthews, and Hontz (15) set up a eategory of doubtful 
cases of ashestosis, Stnge 1 in the accompanying tabulation more or 
less corresponds to their eategory of doubtful eases. Tt comprises 
eases in which dingnosis vestz Jargely on Xerny evidence. Stage 2 
represents early eases of ashestosis, and stage 3 designates moderately 
advaneed enses. More advanced cuses (stage 4) are relatively 
infrequent. Stage 5 wax reserved for hed-ridden cases, 

Pannk Al Relation of ashestosis to Ling-field markings 

Stages of ashestasis | 
. . AREPREOSIS T e i o e i o et e ot Koy fimedings ahwont Total 

1 2 3 4 

—-——— ] — - ——— . el — . o—— | ——— e -~ —— 7 on— ]| —— —— - —— o, 

Towml ... | a2 | 2 | g ' 1 | T 444 
Firstateeree linear ... ‘ L L l iy 
Seenprdalegree hiear L . L (] 1" K [ ) Y 
Firstadewroe gomned ploss, L 6 13 x » " 
Kevomfategree grontd glase, . . L I PSRN 1 i s ! o P 

1 

Table 41 illustrates the relationship of stages of asbestosis to the 
X-ray findings. Although diagnoses of enrly stages of asbestosis were 
ocensionally made in the absence of definite ground-glass lung-field 
markings when congh, dyspnoea. and objective findings were present 
in sufficiently advanced degree, dingnoses of the later stages of ashese 
tosis were not made unless unmistakable ground-glass markings were 
present in the lung fields. 

The incidence of ashestosis inereases rapidly with inereasing dust 
exposure, A Gt of the workers with an exposure of 50 to 99 million 
pat ele vearscmnd hall of the workers having an exposure of more 
than 100 million particle vears had asbestosisc T comparisonwith 
anthraco-silicosis these are exeeedingly low dust-exposure values 

(89) 
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The relation of asbestosis to dust concentration and lenzth of en- 
plovment. in table 13, is of great practical importanee beeanse it 
shows what working conditions are most likely fo ennse ashestosis 
and how long o period of exposure may clapse before the isense 
hecomes evident, 

Tanne 12 Nedation of ashestosis o total dhust exposure } 

Aillion pagticle Sears 

Discnosis EE B o ' T Total 
Tossthan as, 19 

P2 = 
t 

} 
Exentindly neanad R o o Xt 
Asbestanis b L 3 P4 ‘ 
Ashestewic 2, o ! i, 
Ashestosis 3. .. L. - il 1 ' 
Ashestosic b, . JR i 0 

¢y persons w hose eaposure coubd not be estiteated and 2percons with whive palmonary (uben nlosis have 
beent exelivhied fiom g table. 

Tannk 13, Ocenrrence of ashestosis in relation to dust concentralion wnrd Lingth of 
cmployment 

PERCENTAGE WITH ASHESTOSIR 

Years in axbestos industry 

Dt oxpusties, miilion particles per cuhic oot - 

. } Dto sy LR A i Over 1) 

’, Heetedd Ce e 2 § l n 
FYTY X NTUTROURTUUUSUTURUURUIRPRG.S 111 1001 PR e L] 1] 3 

[Pereentage.. . L P 5 5" 

Jafforte 0 % | 1 
h R TR X U ST URTURUUUEUURIPEE § 4 1 T D o 7 xy " 

[Peromtage. .. . [ L : (L 

jaflocted. 3 n | ) 
ONPE Wit ieimea e rimesmen s Foapoed . R 134 X3 w 

[ Porventuee - &y i FIA 

The percentage of persons with ashestosis inereases greatly with in- 
eronsing 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 or more. This group of ashestos textile factories has been 
in operation from 6 to 16 years, and beeause of the relatively short 
life of the industry in this seetion of the country comparatively few 
persons have been exposed to nshestos dust fora long time. Another 
explanation is suggested hy the fact that almost three-fourths of the 
workers cmployed more than 15 years have the early stazes, at lenst, 
of u disabling disense, ashestosis, Sinee there is no satizfactory way 
of Ioeating and examining persons who drop out of an industry be- 
ause of disability ineurred therein, the pereentage values of the 
foreoing tables are necessarily minimal estimates of the presalenee of 
ashestosiz, 

b
2
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The incidenee of ashetosis inerenses with inereassing dust concen- 
tration. In theiv report of 2 cimilar study earried onin Pennsylvania 
ashestos textile factories, Fulton. Dooley, Matthews, and Houtz (15) 
found that 8 pereent of the workers exposed fo an average dust con- 
centration of 5 million particles per cubie foot hid nshestosis; 22 per- § - 

cont of the FT-million-partiele group; amd 57 pereent of the A4-million- 
particle group had ashestosis, 

THRESHOLD CONCENTRATION OF ASRESTOS DUST 

From a practieal standpoint, one of the most impaortant results of a 
medieal and engineering study <uch ns this ix the definition of safe 
working conditions in the industry under study. Tdeally, o threshold 
concentration of dust should be the highest dust concentration that 
would not produce preumoconiosis in originally healthy workmen 
during their entire working tife. The ehief diffienlty in this study, . 
as in most of the earlier tudies of the Public Hedtth Serviee, is that 
very few workmen are exposed for a long periad of time to low con- 
contrations of ashestos dust, Beenuse of the importance of the 
problem, it seems 1o he destrable to nse such data as ave ol hand to 
dofine tentative xafe working conditions that may serve as standnrds 
for the gnidanee of factory manngers and engineers until more complete 
data are available, 

In an analysis of this kind the eases that ocenr at relatively low dust 
exposures are of espeeinl significance beenuse they indieate what the 
anfe limits of exposure may be. These enses must be examined indi- 
vidually, as well as statistieally, in order to he sure that there are no 
unusual fentures that would complieate statistieal analysis. Below 
9.5 million particles per cubie foot, the interpretation of table 43 
offers no difliculties. None of the 39 persons exposed to dust con- 
centrations helow 2.5 million particles per cubie foot had a case of 
ashestosis, although, a< a natter of fact, only 6 persons had been 
employed more than 5 years. Three doubtful cases of ashestosis fell 
in the rnge 2.5 to 4.9 million particles. 

Beenuse clean-cut cases of ashestosis were found only in dust con- 
contrations exceeding 3 million particles per cubie foot, and beeause 
they were not found. at Jower dust concentrations, 5 million particles 
per cubic foot may he regarded tentatively as the threshold value for 
ashestos-dust exposure until hetter data are available. 

In order to find out the levels to which asbestos-dust coneentrations 
have been reduced in practice, an engineering study (7) was made in 
an nshestos textile factory in whieh dust control equipment has been 
recently installed. This shows that means nre already available for 
vedueing the dust exposure of a majority of ashestos testile workers 
1o Joas than 5 million particles per eubie foot. 
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The data of table 13 provide o simiple means of comparing ashestosis 
with ather pnewmnocanioses, In 2 previously reported study of the 
Publie Health Serviee (313 it was Tound that workmen in anthraeite 
mines conbd be divided into three gronps which differed with respeet 
to the nature of the dust to which they were exposed, The pereent- 

Tanee b - Pereentages of wrorlers expased ta cortain concenteations of nxhestos dust 
in ashesiog festile factories wherr dust cantrol measures are used to a mited crtent 
and in factories where efloctive dust control ix practiced 

nges of wmen having any 

Byt cnpesntration 
mitlian particles | 
et varhie bt 

Over th 
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I T R 
Faeder 2% 

I Linitedd } Eatensive 
s ol diste 

measares ! 
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s of efagnte 
cunsten] 

measures ? 
vonteal 

‘1 4t 

EEety fram fable 13, 
T Pt from (7). 

~taee of anthraco-silicosis (1 , 2, 00 3) hve heen 
tabulated separately for each group in relation to average dust eone 
centration and length of employment. In passing, it may be of in. 
terest to-call attention to the difference hetween the pneumoconiosis- 
producing power of the three kinds of dust eneountered tn anthraeite 
mines. If one compares groups of men with the same dust exposure 
and the same length of enmiployment, in general the pereentage of men 
with anthraco-silicoxis inereases with the free siliea content, 

TasLe 45— f‘~: crninge o{ men haring mc!f:mm»ulmm\c ! 
aw————— . i % . 

Drust eonrnt it mitlion par 
tich < gur crrbie fout 

Stnwy. .. . 
et 1, 
L LN TT . UNPR . 
thveedon L. ... 

1, 815 anthrarite miners 
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tatnine b than 3 
peeternt free i 

Years in industry 
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FFpon tabde 20, p 76, Pablie Headth Bulletin N, 221, 
U Less thiaats 16 mens exarined, 

e ————— - o———— 

5 pek workers ox 
preoseed for dbiist enREnIn. 
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w51 T 

. 2 ki ‘ 20 

- s inashestosiz, the incidenee of prenmoconiosiz asmone anthreaeite 
miners inereases with inereasing lenzth of cmploviment, There is o 
much more definite inerease in the incidence of anthraco-silicosis with 
increasing dust concentention than there is in ashestosis, probably 

. 
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L beenuse men were exposed (o a much greater mnge of dust coneen- 
trations i anthracite mines than in ashestos textile factories. 

In comparison with the three kinds of dist eneountered in anthra- 
cite mines, relatively low conecenfrations of asbestos dust amd rela- 
tively short Tengthe of emplovment in the ashedos teatile industry 
rosult in prenmocnniosis, ' 

There was no free silien (quartz) in the dust epeauntered in the 
ashestos textile fuctories, ' 

Aceording to table 43, 16.3 pereent of 89 former axbestos workers 
and 378 men and women emploved at the time of the study in three 
ashestos textile [netories had asbestosis. (Persons who were not 
exposed to appreciable quantities of asbestos dust have not been 
included.) Fight pereent of the 378 workers emplaved at the time of 
study had ashestosizc Thix does not cotpletely represent the inei- 
denee of ushestosis heeanse about 150 emplovees were discharged from 
these fuctories 13 nunths before the present study was made. Muny 
of the dischurged asbestos workers had asbestozis) as the reports of 
Shull (31), Donnelly (12), and MePheeters (23) show. Although an 
attempt was made to examine as many as possible of these diseharged 
cases, only 68 cadd be examined, 43 persons of whom had ashestosis 
according to the dingnostie standards employed in this study. If one 
aszumes that the number of persons employed in these factories was 
the same 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 cnses had ashestosis, then 50 eases of nshestosis 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 trudes the pereentage of workers with pnenmoconiosis 
his been formd 1o be between 20 and 25 pereent. Two sueh studies 
may be mentioned. Of 7,722 miners and men seeking employment 
in Tead and zine mines ot Picher, Okla., who were examined in 102728 
(49), 213 pereent had silicosis, Tnoa study of anthracite wminers (51), 

*The prevalenee of anthraco-silicosiz among the entive group of cm- 
plovees was< fonnd to be ahout 23 pereent.” 

Other investigators have reported the incidence of ashestosis in 
ashestos textile factories, Lanza, MeConnell, and Fehnel (17) re- 
ported, “Of the total of 126 X-ray examinations, 4 were dingnosed as 
second-degree ashestosis, 63 as first degree, 39 as doubtful, and 20 as 
negative.” The persons he studied *“were selected moie or less at 
random from mmong those having more than 3 years of employment 
in the indostey” 
the factories he stidied, pereentaze values ealenlated from s data 
nre not directhy comparable with rate of ineidenee for the present <tudy, 

Sinee Lanza did not examine all the emplovees in 
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Fulton, Duoley, Matthews, and Houtz (1) toted that “Ashestosis was found in 11 per ons (12 men, 2 women), or 23 percent of (he exposed group,” . 

INCIDENCE O ANBENTONIS 1IN IMFFERENT Occup ATHONS 

The pereentage of peraons affeeted by ashestosi= varies in different 
cmploved in many of the 

that eaution must be exereised in 

occupations, 
veenpational groups are so small 
making comparisons, but the dat 
to warrant publieation. Classifjed by dey 
department has the hichest pereent 
ing is the prinecipal acenpation in this department. 

The numbers of persons 

i seem to be of sufficient interest 
nirtments, the preparation 

age of ashestotic persons, Card- 
Athough only 8 of the 72 carders had been employed more than 10 Years, 20.2 per- cent had ashestosis, Eleven earders had advanced ashestosis. No other occupational group had <o large a proportion of advanced cases, 

TARLE 16w Nieonber aued peeeentoge of workors har 
ing 10 de perrtment and acrypoelion 

—— o — P 

Bepartment and aecupation 

— o0 e s ———— 

Prepaeation. ... ... 

Crashere e e e 
Willowers andd shakermen 
Pickors nnet pilors, ... 
Carders LT 

Spinnine., twisting, and wineding 

Mule andd rine spinness L Twiseers . e Voaeny spuwebers anmed winedere 
Cardors . 

Wevipe e o 

Chah weseors 
T g aned brake linine wenters . Creelers ., | 

Finishine... ... .. .. . et e el . 
Inegwetors, edondorers, e finishers Formers wod srinedere. . e 

Enperintendence and witiy 
Shigping anel ongside b, 0 T v Ull'nt:al‘vlnl!wrfi...u.......,. e e . . 

Tord L . . 
——— e . o o — 

- 

? Nunber 
em- 

ployed 

ing a-hestasix, claszifird neeord- 

e o v s i 

Pereont | 
with ps. 
bestosis | 

; Saee t 

Numbor with ashectowis 

St s 3 Fawe 2 |7 S 

) z%'t" 'N-.'.(‘ T 

In the spinning, tw isting, and winding department, the mnle and ring spinners have g hicher proportion 
aversoe, 26 

~pinners had heen eniplos ed more than 

ol axbestotic persons than the pereent. Twenty of the sixty-live mule and ring 
10 vears, 

A thied veenpation with an exeessive prevalence rate for asbeslosis 15 eloth weaving, in whiel 256 pereent of the workers are affeeted. Only 3 of the 43 workers had been employved more than 10 vears, 
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ASBENTOSIS IN GUEAT BRITAIN ANDIN THE UNFPED STATES - 

Lanzn (18) has ealled attention (o a point of interest, mamely, that 
teitieh iy estigator bave feoml sshestosis mote severe aned menaeing 

than it was in the United States, e ndds thint this differenee is 
probably more spparent than renl, Lyneh and Snrith (20) have re- 
ported 3 fatal cuses whese dupation of employment in a=hestos textile 
mills was 110, 17, and 21 years in oceupations having dust exposures 
of the order of dry weanving, Steck (32) reported’a fatal case in 
mnn 27 vears of nee who worked 8§ vears ns u earder in an asbestes 
plant. Egbert (13) has also given complete findings of similar case 
in man 30 vears of aze who had worked 13 years as a earder and who 
died 4 years after en-et of symptoms and 31 vears after diseon- 
tinuing work. 

. 
These examples of Ameriean fatalities, some in yount individuals, 

suggest that the period of dust exposure hefore disability or death 
cnsues is as short ns is the ease in silicosis. 

Bridees (63) in the factory inspector’s reports of Great Britain has 
shown from vear to year (table 47) that the duration of employment 
of fatal cases with ashestosis is only hall that of enses with silicosis, 

TanLE 17.-- Silicosis and ashesloxiz in Greal Britain 
———— = e e —— — e o re————— T 

1 Daration of ephyment 
. {yvenrs} 

Numther | Average & e —— 
pee 

of denths | o, i . 
‘ Afanis Mini- Lver e 

ma mumt = 

- o . . v — -— e — o .‘_.._____ mm——- ____-—__'_ . er—— 
Throusty #1t5 

S 
sitesnis . S e e an L 62 23 as i 
Silyanis with tubereulesis . oo an? i 524 67 2.4 K1 
Asbmsisiis . J a2t LI ol 1.5 123 
Anbestonis with srrbereniosis : an { 7.1 o i B wa 

More than 90 pereent of the raw mineral used in the manufacture 
of ashestos textiles in this conntry and Great Britain is Canadian 
chrysotile, indienting that very little difference iz to be expeeted from 
the standpoint of Biologienl reaction in the two countries. As pearas 
Jdust concentrations in the varions operations of ashestos muanufacture 
of British practice ean be compared with results obtained in this coun- 
try. no greater differenees are found than exist in the inherent limita- 
tions of the dust-sampling devices. It would seem, therefore. that 
quite negligible differenees exist in the manifestations of the disease 
here uned abroad with the possible exception of associnted nrvmnplic:n; 
ing tubereulosis, 
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PATHOLOGICAL FINDINGS IN ASBESTOSIS K ' - 

Specimens for pathologieal study were furnished threngh the 
courtesy of DroJJo Rush Shall, Charlotte, N. C., and Dro HL FL Easom, 
divector of the Division of Industrial Hygiene of the North Carolina 
State Bourd of Health, 

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

GRONS APPEARANCE 

In gross appearanee the Inngs vary in eolor from brownish to pale ‘ i ;{ 
gray. Usually, they are not distorted like silicotie or anthraco- = rd 
silicotic Tungs unless an extensive amoant of long-<tanding fibrosis 
is present. Often the lungs ure fiem and beavy, but softer areas can 
sometimes be felt on palpation. Crepitos depends on the amount of 
fibrosis. The pleurs may be thickened and fibrous tags may be 
seattered over the swrface. In the eases deseribed in this report, 
thickening of the pleura and the presenee of fibrous adhesions are 
move frequently found on the right lung than on the left. Adhesions 
to the diaphragm are sometimes present, 

On section, small, dark gray, irregularly shaped areas are seen on 
the eut hung surface. They are rather evenly distributed and they 
are of approximately the same size. Visible strands of connective 
tissue of varying size ran through the lung parenchyma, forming a 
more or less regular, fibrons network, and enclozing the dark gray, 
nodular areas and lung tissae which show alveoli. Areas of well- 
marked emphyzema are noted in the apices and onter portions of the 
lower Jobes, a 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 case, this Lrouchicetasis 
is most marked in the-upper lobe, particalarly in the apex. 

Congested arens are oecasionallv seen on gross inspection of some 
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 nsnal amount of anthracotie 
pigment found in a eity dweller. 

MICROSCOPIC APPEARANCE 

The pleura, when thichened, i made up of adult librogs connective 
tissue vells. The collagen fibers are usnally well developed and may 
show hvalinization. To somwe sections the thickened pleara is vasenlar, 
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the blomd vessels generally bedne siadl eapillaries. Areas of variable 
size, containing anthracotic pigment, are oceasionally found in the 
subplenral conneetive Hssue, . : 

Throughout the parenchyma of the lung « diffuse interstitial fibrosis 
ix present, which varies with the ushestos-dust exposure of the indi- 
vidial, The nreas of brons tssue are irresaiar or stellate in shape 
snd may contain sl blood vessels. The cellular elements eonsist 
of adult fibhreus tiscue cells, fibroblasts, some eollagen, and often 
numerons mserophage<. The strands of fibrous tissue represent an 
inerease in the interlobular conneetive tissue, The fibrosis is usually 
rather uniformly distributed thronghont the entire lung. In areas 
of considerable fibrosis, ateleetasis 1= noted due to the contraction of 
the fibrous tissue. The alveoli occurring between areas of fibrosis are 
generally distended and show a maderate to marked emphysema. 
The alveolar wall< are thickened by fibrous tissue, and in some seetions 
hyalinization and the Joss of nuelei oecur, The alveoli are lined by a 
singde bover of epithelial eells, The bronehial walls und the walls of 
the bronehioles may be thickened, and a slight to moderate lvmpho- 
evite infiltration is present oceasionally. The smaller bronehi and 
bronehioles are Trequently quite distended, The walls of the <mall 
bloed vessels are thickened, partienlarly the adventitia, which contains 
an increased amonnt of fibrous tissue, Seetions through emphy- 
sematons hlebs show a faitly thick, fibrous, connective-tissue wall, 
lined by w single luver of flat or low caboidal, epithelial ecells. The 
blebs, measuring ax mueh ax 7 mm in dinmeter in the specimens 
studied, are apparvently of bronchial origin, 

Ashestosis badies are found in almost all parts of the pulmonary 
tissue. They ocenr 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. Maerophages and giant eells are usually present 
when the asbestosis bodies are found in the alveoli and often surround 
or engulf the bhodies. These cells also contain o eomsiderable amount 
of anthracotic pignient, and the dark greenish hlaek pigment come- 
monly found in ashestosis, A brownish vellow pigment in lesser 
amaunts i< 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 shapes with beaded centers are also noted, 
Rosette formation ix relatively frequent. There appears to be no 
relation between the number of ashestosis hodies and the amount of 
pulimonary fibrosis. Tu one ease in which there i< exceedingly little 
fibrosix, the a<bestosis hodies are particolarly nomerons, while in 
another ease, showing exfensive fibrosiz, they are quite infrequent. 
These hodies are golden yellow in color and ave stained blue with potas- 
sinm ferreevanide, <howing the presence of ferrie jron, With this 
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ABESTOSIS 
S FIGURE 52. PHOTOACROGIRAPHS OF LUNG SECTIONS SHOWING THE PRESENCE 

1 NODULAR FIRRoOS. AMD PRAPHYSEMA IN A Sitieo e L AND DIFFuse 
FIErOSIs AND EAPHYSEMA IN AN AL S TOIC LUING . A SLCTTION OF A NORMAL 
LUNG 15 SHOWN 1 O COMPARISON . MAGHIFICATION 16X, 
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clain some fine blue <trands have been noted which are apparently 
pshestos fibers in the process of heeoming asheatosis bodies, By the 
nxe of polarized leht, fine fibers are often demonsteated in the tissoe 
which are identilied as asbestes. "These gy he seen in the peri- 
bronehinl conneetive tissue, the interstitial connective tissue, the 
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FIGURE 53. ASBLETOSIS BODY IN INTRA-ALVIOULAR CONNECTIVE TiSSUE PRAC- 

TiIcALLY NO FIBROSIS IN THiS ARCA. CASE HM-21. MAGNIFICATION 1,000X. 
(ARMY MEDICAL MUSEUM NO. 52255 

alvealar walls, and in the alveolar spaces. The blue staining fibers 
and the ashestosis hodies are not visible when viewed with erossed 
Nicol prism=. Other fine ervstalline material is sometimes noted. 

The presence of complieating tubereulosis is often diflicult to 
demonstrate, Unless enseation ix well defined, the tubercles may 
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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 {rom 
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 AC.COMPANIED 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 o contaminating f 
nonpathogenie acid-fust bacillus, . i 

Samples of three varicties of asbestos (chrysotile, crocidolite, and 
amosite) were injected into_the peritoneal envities. of -guinen pigs, 
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using a technique developed by the Public ITealth Service for study- 
ing the physiological behavior of dust. This method has been 
described elsewhere (60). Al three samples of asbestos dust pro- 
duced an inert type of reaction in the peritoneal tissue. On the 
basis of this response, ashestos dust has 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, pulmonary fibrosis as has been observed on 
clinical and post-mortem examination of persons exposed to these 
dusts. . 

SELECTED AUTOPSY CASE REPORTS 

Case 11-21 

(Figs. 58 to 38 

- 

Male, white, nged 38 years, 
" Cawmae of death.~Myoenrditis. ] 
Occupational history.~Waorked for 12 yvears in the weaving rcomn cf an ashesto 

plant. Prior to this he had worked in a eotton mill. 
Medical history.—Coufined to bed for the most part of his last 6 months of life 

because of wenkness, dyspnoca, and unproductive cough. 
Pathological examination showed well-defined advanced ashestousis, evidenced by 

much diffuse interstitinl pulmonary fibroeis, accompanied by ashestosis bodies, 
emphysema, bronchicctasis, and bronchiolectasis. 

Chemical cramination 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 
percent, silies 0.76 percent, silica in ash 20.13 percent. 
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FUSION OF INTERLOSAR PLEURA. DENSE FIBROUS TAGS OVER ENTIRE SURFACE. 
FIGURE 35.~-CASE H-21, 
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LUNG. PLEURA MUCH THICKENED. FEWER 
FIBROUS ADHESIONS THAN WERE NOTED ON THE RIGHT LUNG. 

LEFT FIGYRE 56. —-CASE H-21. 
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FIGURE 57.—CASE H-21. SECTION OF RIGHT LUNG. ADVANCED ASBESTOSIS. 
DISTENDED BRONCHI AND AIR SPACES AT BOTH APEX AND BASE. DIFrFuse 
FIBROSIS THROUGHOUT LUNG SUBSTANCE AND THICKENED PLEURA. 
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FIGURE %8.~CASE H 21. SECTION OF LEFT LUNG. DISTENDED BRONCHI AND 
AIR SPACES AT APEX. RATHER UNIFORMLY DISTRIBUTED FIBROUS AND 
EMPHYSEMATOUS AREAS THROUGHOUT REST OF LUNG. 
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Casc 1-23 

- (Figs. 50 10 63) 

Alale, Negro, aged 35 years. 
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 (24) lag of diaphragm 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). 
Noto the dcefinite evidence of fibrosis at the right base and obliteration of the . 
right costophrenic angle. This evidence of increased fibrosis and fibrous pleurisy - - - 
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 developed pneu- 
monia. : - ' 

Physical examinalion.—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). Asbhestosin 
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 nshestosis. A moderate 

degree of diffuse pulmonary fibrosis and emphysema was noted accompanied by 
many ashestosis bodies. Acute diffuse 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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FIGURE 60.—CASE M-23. RIGHT LUNG. ENTIRE PLEURAL SURFACE COVERED ; ’ BY DENSE FIBROUS TAGS. 
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FIGURE 61,—~CASE H-23. LEFT LUNG. VERY FEW FINE FIBROUS TAGE ARE 
NOTED ON THE PLEURA, 
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FIGURE 62. ~CASE H 23, SECTION OF RIGHMT LUNG. MODERATELY ADVANCED 
ASBESTOSIS. FIBROUS AKEAS AND EMPHYSEMA UNIFORMLY 
THROUGHOUT THE LUNG SUBSTANCE. 
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THAN RIGHT LUNG (F1G. 62). 
FIGURE 63.—CASE H-23. SECTION OF LEFT LUNG. SHOWS LESS INVOLVEMENT 
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Case 11-25 

(Figs. 64 and 83 

Male, white, aged 27 years. 
Cause of death.—Lobar pnenmonia. 
Occupational history.—Began work at age of 16 years. Broadcloth weaver 

" -.. (asbestos), 1 year. Truck driver, 3 months. Broadcloth weaver (asbestos), 2 
years. Truck driver, 3acars. Broadeloth weaver (ashestos), 4 years. 

Weighter avernge dust ezposure.—~49.7 million particles per cubie foot, or 347.9 
million particle years. 

Medical history.—Dast history negative. Had iufluenm,‘prior to death, which 
developed into pneumonia. 

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

Medical eznmination.—The principal abnormalitics found on physieal examina- 
tion 15 months before the death of the patient were second-degree 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 minnutes 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 o thick-chested man 68!¢ inches tall, weighing 195 pounds. Fifteen 
months before death this casc was diagnosed as early asbestosis (stage 2). 

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

Chemical ezamination of lung tissue.—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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SUMMARY OF MEDICAL FINDINGS 

A medieal exnmination was made of each employee in three ashestos 
textile plants employing 423 men nand 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 & 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, ashestos-dust exposure can be held respon- “sible for the cnses of pneumoconiosis that were found in these three 
factories. : 

Asbestosis is a 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-ray 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, varinble cough, substernal chest pain, decreased chest 
expansion, emaciation, weakness, clubbed finger tips, and curved 
finger nails. Most of these symptoms seem to be the result of the 
pulmonary fibrosis set up by inhaled asbestos dust, and the con- 
comitant pathologic changes, such as emphysema, bronchiectasis, and 
bronchiolectasis, which can be demounstrated at autopsy. 

The percentage of persous 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 ashes- 
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 
dipgnosis of ashestosis, nevertheless it is evidence of asbestos exposure. 
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17 : 

Only three enses of ashestosis, all of them dingnosed as doubtful ur 
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 cubie foot, nunierous cases of well-marked 
nshestosis were found. It worild scem that if the dust concentration 
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. 

T e T 
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ANNOTATED BIBLIOGRAPHY 

To facilitate reference to the papers listed in this bibliography, a 
briel note has been sppended to ench citation which indicutes the 
kind of information that may be sought for profitably. So far as 
possible, no_information that can be gnined from the title has been 
repeated in the annotation 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 enncer 
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 
a 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 ohservations made by Dr. Collis on the eifccts 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 generally-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. 19290. 

Gives statistical parameters for the caleulation 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. The collection and counting of dust cucountercd in asbestos 
fahricating plants. Penusylvania Dept. Labor and Tadustry Buil. 37. 
1934. 

Discusses the mcasurement of ashestos dust and its physical propertios. 
Engincering study of four plants. 

§. Hatch, Theodore, and C. B. Moke. The mincralogical compuosition of air- 
_ borne foundry dust. Jour. Ind. Hyg. 1R: 91-97. 1036. 

A petrogeaphie stisly of air-borne foundry dust aceording to particle size. 
Composition of dust reported to vary with size, 

8. Hurlibut, C. 8, and C. R. Willinms. The mincralogy of asbeston dust. 
Jour. Ind, Hyg, 17: 280 293. 1935, 

. Disensses the compaosition of settled dust samples obfained in foactories 
mnnufaeturing asbestos textiles and other asbestos producta, ) 
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8h, 

10. 

12 

119 

Page, R. T, and J. 1. Bloomfield. A study of dust eonfrol methods fn an 
anbestox 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 of the exhnust kystems used to remove 
asbestos dust.” ) 

ARBESTOKIN 

Alwens, \W. Ueber Ashestose der Lungen. Minchener med. Wochensehr, 
82: 1797-1800. 1035 : _ ' 

Xeray and medienl study of 35 cuployees of a German asbestos {extile 
factory. 22 cases of ashestosis were found. X-ray examination showed 
flocculent markings but no nodulation. 

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

A 50-year-old man employed 21 years in an asbestos factory died of eireuln-, 
tory insufficiency after secking treatment for shortness of hreath. On 
autopsy the right side of the heart was enlarged. There were pleural 
adhesions. The fibrosis een on gross inspection and confirmed on his- 
tolugieal examination was most extensive in the lung bases. Sundius and 
Bygden (41a) have reported on the ashestosis bodies found in this case. 

Buresch, Anncmarie. Pneumonokoniose, Berufukrankhicit und Lintschiidi- 
gungspflicht. Deutsche Med. Wochenschr, 57: 1100-1102; 1247-1240. 
1931. ' - 

A 47-year-old man, employed 206 years in an ashestos factory, sought treat- 
ment for disabling dyspnoca, eardiac insuflicieney, and cough. Clinieal 
and X.ray findings characicristic of ashestosis are described in detail. 
Dicd as a result of right ventricular iusufficiency. ~ 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): 
1024-1025. 1027, ' 

A 33-vear-old womnn employed in an asbestox factory over an 18.vear 
period “complained of congh, dyspnoea, expeetoration, and lnssitude. 

" An X-ray plate shiowed extensive fibrosis, more marked in the right lung, 
two ealearcous glands at the root of the left lung, and 1wo small ealearcous 
particles in the base of the left lower lobe.” On autopsy, dense pleural 
adhesions were found. “On seetion the [right] lung is seen to be fibrosed 
and to a large estent airless, the lung tissue being replaced by fibrous 
tissue.” Calearcous massex and arcas of easeation and cavitation were 
found. 

Dewirtz, A. P. Asbestwarzen. Arch. £ Dermat. u. 8yph. 161: 1-5. 1930. 

Description of the localization and the gross and histologieal appearanees of 
asbestos corns. 

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

Partinl review of previous ohservations on the discase. Includes case reports 
on three totally disabled paticuts taken from a xeries of 13 cases (4 igures— 
chest plntes). All but 1 of the 15 had at one time been dingnused pul- 
monary tuberculosis. : 

Dounelly, J. Pulmonary asbestogis: incidence and prognosis. Jour. Ind. 
Hyg. 18: 222-22KR. 1936. 

Dexeription of X-ray films of 1531 ashestos workers, 
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13. Eabert, D. 8. 

. No cough. 

. 120 

Pulmonary asbestosis, Report of & cuse with neeropay 
findings. Amer. Rev, Tubere, 310 23-34. 1035, 

Autopsy report on case deseribed by W. B. Soper (Awer. Rev. Tubere. 22: 
571-5384. 1030). White, 30-year-old male cmployed as an ashestos 
carder 13 yvears complained of dyspnoea and blood-streaked sputum. 

Fxamined and X-rayed on two oceasions before death which 
resulted from eardiac failure. On autopsy “difTuse fibrosis of lungs in- 
volving particularly upper lobe of right and portion of upper lobe of left; 
arrested tubercutosis; asbestosis bodies throughout lungs; few in tracheo- 
bronchial Iyiph nodes.” 

14. Lllman, P. Pulmonary ashestosis: Its clinieal, radiological, and patholog- 
fenl fontures, and associated risk of tubereulous infection, Jour. Ind. 
Hyg. 15: 165-183. 1033. 

A 43-year-old man employed in the eardroowm of an ‘ashestos factory 9 years 
beeame disabled on account of dyspuoea, accompanied by dry, irritating 
cough and progressive anorexia, loss of weight, and clubbing of fingers. 

“X.ray and clinical cxamination, At autopsy this case was diagnosed as 
“sdvanced pulmonary asbestosis, complicated by tuberculous pleuriay.” 

A 3l-year-old woman employed 2 years making asbestos mattresses became 
dyspnoeic, wasted, and cysnotic. Died of tuberculosis. Autopsy find- 
ings arc presented. 

15. Fulton, W. B., A. Dovley, J. L. Matthews, and R. I.. Houtz. Asbestosis. 

16. 

17. 

18. 

19. 

Part 1I. The naturc and amount of dust encountered in ashestos fabri- 
cating plants. Part III. The effects of exposure to dust encountered in 
ashestos fabricating plants on the health of & group of workers. Pennsyl- 
vania Dept. Labor and Industry Bull. 42. 1935. 

Report of a medical cxamination of 66 workers. Bibliography of 123 
papers. 

Gloyne, 8. R. The morbid anatomy and histology of asbeatosis. Tubercle 
14: 445-451; 493-407; 350-538. 1933. 

Detailed deseription of pathological findings and review of literature. , 
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. 1033. Reprint No. 1665, : 

Dricf deacription of the findings of an engineering and medical study made 
in an asbestos textile plant. “X-ray films were made of 126 persons.” 

Lanza, A. J. Asbestosin. Jour. Amer. Med. Assoc. 106: 358-360. 1934. 
Brief description of some of the early observatious on the discase particu- 

larly as scen in United States. Also notes on clinical picturce and roent- 
genology. 

Lovisetto, Domenico. Pulmonary ashestosis. Records of the Interna- 
tionnl Conference on Silicosis held at Johannesburg, Aug. 13-27, 1930. 
Studics and Reports, Serics F (Iml. Ilyg.), No. 13, pp. 506--500. 

Author's obxcrvations on workers handling pure ashestos and ashestos 
mixed with cotton or other vegetable duats. Conechudes that at least 5 
years of exposure required Lo produce puewmoconiosis; direet ratio be- 
tween quantity of dust inhaled and pueumoconiosis, Well-extablished 
cuse may develop in 7 to 0 years and the discase can cnuse denth after 
13 years' heavy expossre. 
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20. Lyneh, K. AL, and W, A. Smith. Pubmounary axbestosis 11, Including the report of n pure ense. Amer. Rev. Tubere, 23: G43 660, 1931, 
White male, 46 venrs bld, employed as an: nsbestos enrder 11 yoars, sought medieal trentment, for cheat, pain, loss of weight (23 1h.) and shortness of breasth, NXewny exnmination on 3 oceasions during u Heyear period showed mottling in hoth lings. Died ux n result of slow, eardine failure. On antopsy extensive filirosis, emphysema, and bronchicetasis were found. Tuberenlosis was nbwent, 

22. MeDaonald, Stunrt, Histology of pulmonary asbestosis. Brit. Med. Jour, 1027 (vol. 2): 10251026, 1927, 
“The interstitial fibrosis ix sneh ax might be expeeted as a result of a com- hination of a pnewmoconiotie condition and a chronic tubereulous infec- tion.” The possibility that asbestosis bodies may have been of plant or animal origin may be excluded. “The hypothiesis advanced i that these bodies are portions of asbestos fibres in the process of alteration and absorption by hydrolysis, cither by dircet chemieal action or by enzyines.” 

23. MePhecters, S. 3. A survey of a group of employces expoxed to asbestos dust. Jour. Ind. Hyg. 18: 220-2390. 1936. Reporis “the results of a survey of 210 persons exposed to asbestos dust.” 
24. Martz, 1.. Ashestusis 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-yvear period. 
25. Mercwether, 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 cconomie, mincralogical, and medical historical facts, main features of the discase, asbestoris bodies, correlations with dust exposure, risk of tuberculosis, preventive measures, and compensation. 
26. Mills, R. G. Pulmonary uvbestods: report of a case. Minnesota Med. 13: 405-499. 1930. 

A 58-year-old man exposed to asbestos dust in & mine 17 years previously was admitied 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. 
27. Mussa, Giovanni. Clinical and radiological notes on pneumoconiosis due to asbestos. Silicosis—records of Iuternational “Conference held at Johannesburg, Aug. 13-27, 1930. Studies and Reports, Series F (Ind. * Hyg.), No. 13, p. 509. 

The X-ray shows “arhorization distributed bilaterally in the hilar and peri- hilar zones which in most advanced cases considerably reduees transpar. eney. | Sometimes there is infiltration of the bases.” 
2R, Oliver, Thomas. Clinienl aspeets of pulmonary asbestosis. Brit. Med, Jour. 1927 (Vol. 2): 1026-1027, 1927. . 

Caxc histories of “two women who are the subjects of pulmonary asboestouis, one nged 48 and the other 39.” 
29. Pancoast, H. K., T. G. Miller, and . R. M. Landix. A rovntgenologic study of the cffeets of dust inhalation upon the lungs. Trans. Assoe. Amer. Physicians 32: 07-108. 1017, ) ’ 
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i 27: 279-292. 1936. 

. 
122 

The X-ray aspects of 137 individuals exposed to organie and inorganic dust 
are presented. OF the gronp exposed to inorganie dust 13 were asbestos 
workers. Shadows almost invarinbly first appenred in the right dung on 
a fevel with the hilus shusdow. The appearance of the shadows s reported 
Ywoftee and less sharply doefinedTM In asbestos workees. A good deseription 
is given of the three stages “hwh the anthors recognize in the progress of 
prcumoconiosis. 

30. Schuster, Norah H. Pulmonary asheatosis in o dog. Jour. Path. und Bact. 
34: 751 757, 193L 

A dog kept in an ashestos factory 10 years “had suffered for two vonrs-from 
congh and dyspnoea, and for six months from progressive wasting. The 
dyspnoen beeame so distressing that he was destroyed.” On examination 
of the lungs dilfuse fibrosis, brunchiectasis, phagucytosis, and asbestos 
fibers were found. Asbestosis bodies were not found. 

30a. Seciler, H. E., anid M. D). Gilmour. A ease of pulmonary ashestosis. Brit. 
Med. Jour. 1931 (1) 1112-1114. 1931 

A {2-ycar-old man employed 23 years in an asbestos factory as a carder, 
- dry-cloth weaver, and in the manufacture of millboard, sought treatment 

for '‘cough, breathlessness, loss of weight, and Inssitude. Radiographic 
examination revenled n 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 patholugical examination showed that death ! 
was due solely to eardinc failure secondary to back pressure resulting from 
the massive gencratizerd fibrosis and irrespeetive of any added infection is 
an additional point of interest in this case.” 

31, Shuil, J. R. Asbestosis: a roentgenologic review of 71 cavea. Radiology 

Resuits of medical e\ammatiou of asbestus textile workers. Two autopsy 
reports. 

32. Stock, G. A. Pulmonary uhestoais. Med. Bull. Yeterans' Adm. 10: 
126-129. 1933. 

A 27-ycar-old man, employerd 8 years as an asbestos earder, was admitted to 
a hospital beeause of shortness of breath and chest pain. He was undor- 
weight and had poor chest expansion. No pulmonary tuberculosin present., 
“The post-mortem dingnoses were: Pncumonin, aente lobar; pucumoco- 
niosis, all lobes of both lungs; pleurisy, chronie, fibrinous, right, and chronie 
fibrinous with adhesions, left; interlobar, left; hypertraphy and dilatation 
of the heart; appendicitis, chronie.”” Histulogical examination revealed 
ashestosis bodies and fibrosis. 

33. Stroche, H. Bericht aiber den Fall von Lungen-asbestosis, welcher der 
Arbeit des Herrn Prof. Beger zugrunde liegt. Virchow's Archiv. f. path- 
ologische Anatomie w. Physiologic 200: 334-357. 1933. 

33-yvoar-old man cmployed in a German asbestos factory 20 vears complained 
of dyspnoea, bronchitis, and loss of weight. X-ray examination showed 
fine, floceulent markings in middle and lower portions of lung ficlds. Died 
of heart failure. On autopay, found fibrosix, emphysema, and asbestosis 
hodies. No signs of tuberculosis, 

33a. White, T. P. Pubuonary asbestosis. Trans., Med. Soc. State of North 
Carolina. 1935: 250-2682. 1033, 

*A L3-year-old man employed 9 vears in an asbestos mill sought medieal 
s treatment on account of shoriness of breath, nunproductive cough, and 
e slight loas of weight. All symploms fuerensed in severity as time went on. 

LA 
.»;-J' - 

W~ - 

' 

oA 

Y 

9 

' 

i 
- 

Dreessen and Others, A Study of Asbestosis in the Asbestos Textile Industry (1938)
ACL Doc 11365 · Page 130 of 134

Published by AsbestosClaims.Law

asbestosclaims.law/library/11365/130

https://asbestosclaims.law/library/11365/130


12 

On X-ray exnmination 9 years Iater “The lung ficlds are negative for 
Auberealosis. The examinntion shows a marked, widesprend fibrosis 

throughout Lioth ehests which reachex 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. Page. 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 radiographic evidence of pneumoconiusis.” 

. On histologieal examination of the Jungs, ““in the few sections examined in 
- which tubereuniois lexions were not present, the asbestos together with 

a large guantity of binck pigment was genernlly surrounded by o little 
fibrous tissue, but there was no gross fibrosis.'' Asbestos fibers and ase, 
bestosis hodies were fonnd. 

35. Wood, W. B, and 8. R. Gloyne. Pulmonary aslms&osis; a review of one 
hundred cases. Lancet 227 (2): 1383-1385. 1934, 

L Of 100 ashestos workers who sought medieal treatment, 53 had uncompli- 
s ; eated ashestosis, 21 had ashestosis with active tuberenlosis, 9 had as- 

hestosis with obsoleseent tubereulosis, and 17 were disagnosed as doubtful 
eases of ashestosis. “Scptie bronchitis, broncho-pneumonio, and pul- 
monary tuberculosis are the commoncest terminal complications of the 
discase.” 

ASBESTOSIS BODIES 

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

“The facees were cmulsified with four or five times their volume of 5 per cent 
formalin in =aline. The emulsion of the facees, when centrifuged, was 
found to contain a scanty number of ashestosis bodies."” 

37. Glovne, 8. R. A method of staining the asbestosis bodies found in the 
sputiun of ashestos workers. Jour. Ind. Hyg. 13: 85-86. 1931, 

Deneribes techniques employing Prussian blue and ammoninm sulfide. 
38. Lynch, K. M., and W. A, Smith. Ashestosis bodies in sputum and Jung. 

Jour. Amer. Med. Assoe. 93: 639-661. 1930. 
Asbestosis bodies (illustrated) were recovered from the lungs of two ashestos 
~workers and from the sputum of four ashestos workers. 

39. Page, R. C. A study of the sputum in pulmonary ashestosis. Amer. Jour. 
Med. Sci. 189: 44-33. 10335, 

Clunps of ashestosis bodies were found in the sputum of 10 asbestos workers 
with advaneed ashestosis, Axbestosis bodies were found in all but 1 of 
the 31 cases studicd. 

i 40. Stewart, M. J., and A. C. Haddow. Demonstration of the peeuliar bodies of 
- pulmonary ashestosis (“‘ashestosis bodics’) In material obtained by lung 

) . puncture and in the sputum. Jour. Path. and Baet. 32: 172. 1929. 
‘% Ashestosis 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 15 years, who had congh, dyspnoen. and loss of weight, 
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42, 

43. 

43a. 

44. 

‘46 
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Stewnrt, M. L, N. Tattersall, and A, ¢, Haddow. On the ocenrrence of 
elumpm of asbestoxis_bodies in the sputim of asbeston workers. Jour, 
Path, finet, 33: 737-741. 1032, . 

A clump of asbestoxis bodies was found in the sputum of a 3l-yvear-old 
womnn employed 11 years in an asbestos factory, She complained of 
cough, dyspnoenr, and anorexia, “The radiogeaph showed dilfuse. fine 
strintion throughout the lower third of both lungs.” Died of broncho- 

puenmonia. On autopsy, “There wax notabile diffuse fibrosis of the grenter 
(basal) portion of both fower lobes, “The non-fibrored tixsue was somewhat 
emphysematous,” Asbestosis badiex were wost namerons in the densely 
fibroxed areas, No evidenee of tuberenlosis, 

Sumdius, N., and A. Bygdén, Der Staubinhalt ecinier Asbhestosixlunge und 
die Beschaffenheit der sogenannten Ashestosiskiirperchen. Archiv fir 
Gewerbepath. und Gewerbehyg. 8: 26-70. 1937, 

Quantitative microchemical analyvsis of ashestosis bodies isolated from a 
human lung showed that the gel surrounding the ashestos fber consisted 
argely of ferric oxide, phosphate, an oranic substance whose chemieal 
esmpoxition suggests that it is a protein, wid water. Chemical analysis and 

~N-ray examination of cores of asbestosis bodies indicated that the echemical 
~ compuxition of the asbestos fiber remained unchanged. 

OTHER PNEUMOCONIONEN 

Curtis, A, J. i{. The health of coment workers. Indust. Med. 6: 195-200. 
1037. 

Resuits of a medical survey of 201 men exposed to dust in a cement mill. 
Morbidity data for 31 plants. 

Drecxsen, W. C. Effeets of certain silicate dusts on the lungs. Jour. Ind. 
Hyg. 15: 66-78. 1933. ] 

“The silicate dusts of tremolite talc and siate induce a fine, diffuse, bilateral 
fibrusis of the lungs which is definitely demonstrable in the X-ray.” 

Dreessen, W. C. Effect of inhaled marble dust as observed in Vermnont 
marble finishers. Public Health Reports 49: 7242732, 1934, 

“Although marble dust when inhaled in the coucentrations here observed 
{less than 26 million particles per eubic foot) produces a mild bilateral, 
linear fibrosia in {13 pereent of the 80 men X-rayved] no serinus lung changes 
were noted and there was no disability due to the dust, even after many 
years of exposure.” 

Dreessen, W. C,, and J. M. DaliaValle. The effeets of exposure to dust in 
two Georgia talc milla and mines. Publie Heaith Reports 50: 131-143, 
1935. Reprint 1669. 

Enginecring and medical study of the relation between dust exposure and 
occurrence ol pncumoconiosis in 668 workers., 

Dreessen, W. C,, and R. R. Jones. Anthracosilicosis. Jour. Amer. Med. 
Assoc. 107: 1179-1183. 1936. 

Resuits of & medical examination of 2,711 cmployed and 135 disabled 
anthracite miners. . 

Hoffman, F. L. Mortality from respiratory dixeases in dusty trades (inor- 
ganic dusts). Bull. U, 8. Bur. Lab. Stat. No. 231, pp. 176-180, 1918, 

Gives brief summarics of the effeets of exposure to inorgunic dusts, compiled 
from occupatiovnal mortality data available in 1918, 
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dust, . Laneet 281 1 03 50 64, 1036, . 
Part 1 deads with silicosis, Part 1 with silientosix {inchuding asbextosin), 

48. Rumsell, A, ., ML Britten, L. R, Thompxon, and 1. 1 Bloomficld., The 
heaith of workers in dusty trades, 11 Exposure to silicenus dast (granite 
fndustry), Publie Health Bulletin No. 187, 1929, 

An engineering, medienl, and statisticnl xtudy of the effeets of exposure to 
gravite dust on workers, ' 

49. Bayers, R, R, F. V. Meriwether, A, J. Lanza, and W. W, Adams. Silicosis 
and tubereulosis among miners of the tri-state distriet of Oklahoma, 
Kansas, and Missouri. 1. For the vear ended Jusie 30, 1928. Bureau of 
Mines, Techniea! Paper 345, 1933 

47. Middleton, F. L. Dudustrinl pulimonary dicoase e fo the lnhalation of 

Renults of medicalaned r;wntgmmgm phie examinations of 7,722 men employed 
in lead and zine mines, 

50. Sayers, R. R, Silicosis. Public Health Reports 40: §05-602. 1934 Re- 
print 1626, ) 

Discussion of the historical, medieal, and engineering aspeets of silicosis. 
51. Sayers, R. R., J. 1. Bloomfield, J. M. DallaValle, R. R. Jones, W, C. Drees. 

sen, D. K. Brundage, and R. 1. Britten. Anthraco-silicosis among hard 
coal miners. Public Health Bulletin No. 221, 1035, 

Mecdical and engineering study of incidence 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. Bloomficld. The 
health of workers in dusty trades. I. Health of workers in a Portland 
cement plant. Public Ifealth Bulletin No. 176. 1928, 

Includes an enginecring study of dust conditions in a cemont plant, records 
of respiratory nilments, and physical examinations of a large group of 
workers. e . 

o CANCER AND.ASRESTOSIS 
. 52a. Egbert, D. 8, and A, J. Geiger. 'Pulmonggy asbestosis and carcinoma. 

Amer. Rev. Tubere, 34: 143-150. 1936. ' 
A 41-year-old man employed 15 years as an asbestos weaver sought medienl 

treatment for dyspnocs, cough, and “an insidious, gracdually increasing 
pain of aching character throughout the back:” Patient lost 40 pounds 
within a few months. Before death, X-ray and laboratory tests were 
made. Besides the characteristic pathological and histological signs of 
ashestosis, there was a large primary carcinoma (illustrated) in the lower 
lobe of the left lung. 

33. Gloyne, 8. R. Squamous carcinoma of lung occurring in asbestosis: two 
cases. Tuberele 17: 5-10. 1935, 

Deseription of malignant lesions noted in two cases. The lesions were sinall 
and not recognized in life. They showed prickle cells, keratinization, and 
cell nests. The growths advanced along the bronchial mucosa by eon- 
tinuous fingertike prolongations, The growths were In a portion of the 
lung where the ashestosis was quite advanced. , 

-54. Gloyne, 8, R. Out ecll carcinoma of lung occurring iu ashestosis: case. 
Tuberele 18: 100-101. 1936. . 

Typieal, extensive nsbestosis was found on autopay of & 50-vear-old man 
employed 221 vears in the stornge & partment of an ashestox factory., A 
neoplisn abont the size of a golf ball was found in the peripheral portion 
of the fower lube of the left lung, continuous with the pleura, The growth 
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was wofl, pinkish white, and fairy woll demorested. 1t grow ontward 
- from n eenter na compaet mass, destroving ling tissae as it progressed, 

Lyneh, K. M, nud W, A, Smith, Carcivoma of ling in ashesto-silicoais, 
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 fibrosic of lungs and plenrn with emplivsema, bronehicetasis, and 
cardiac 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 

. Pritten, 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 incidence of certain physieal defects. 

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

“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 cubic foot of asbestos dust (Canadian 
chrysotile) 1.5 microns and less in diameter. Rabbits and albino rats 
have likewise heen exposed for shorter periods (330 days).” 

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

Asbhestos fibers, but not nshestonis bodies, were found in asbestos corna. 
. King, E. J., and M. Dolan. Silicosis and the metabolisms of silica. Can. 

Med. Assoc. Jour. 31: 21-26. 1934. 
Urinary silica content of 36 miners was 2.2 mg per 100 ce: of 40 students 

1 mg per 100 cc (xingle specimens). Analytical procedure is dencribed. 
. Miller, J. W, 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 clansificd according to the reaction produced on intraperitoneal 
injeetion into guinea pigs. 

Miller, W. 8. The lung. Charl;-s C.l Thomas, Springfield, IIl. Baltimore. 
1037. pp. 85. 

Norrix, G. W, and H. R. M. Landis. Discases of the chest and the prine 
ciples of physical diagnosin. W, B. Saunders (‘v., Philudelphia. 5th 
odition. 1933, 

Extracts from the annual report of the Chicf Inspeetor of Factories and 
Workshops. 1935. Chapter Ill—Health. His Majesty’s Stationery 
Dept. London. 
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