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ASBESTOSIS—Part II. The Nature and Amount of Dust
Eacountered in Asbestos Fabricating Plants.

IxTrRODUCTION

In 1934 the Department of labor and Industry of the Common-
wealth of Pennsyivania received a request for infurmation relative
to the heaith of workers employved in ashestos fabricating plants in
Pennsylvania. The Department had no data available, and a review
of the literature at that time revealed a scarcity of information on
the general subject of asbestos pneumokouiosis. Because of this
lack of information, the industrics in the State were consulted, and
their cooperation was obtained to conduct a survey, which would
include an evaluation of the hazard from the standpoint of the de-
gree of dustiness and the physical condition of the workers. An

ent was made with the employers and emploves that
neither would be given specific information as to the physical find-
ings of any particular workman. and that the original identity of all
employes in this study wouid be destroyed, case aumbers only
being recorded. All records obtained were to become the property
of the Department of Labor and Industry.

Asbestosis was first recognized clinically by Dr. H. M. Murray
(16) at the Charing Cross Hospital, London, in 1500, Cooke (16)
in 1924 reported a case of pulmonary asbestosis. Pancoast and Pen-
dergrass (83) in 1926 examined 2 group of seventeen asbestos work-
ers. Since then, other investigators have reported individual cases
of asbestosis, but it was not until 1930 that Merewether and Price
(74) published the results of a study on a group of asbestos work-
ers, together with some evaluation of the degree of exposure. Lanza,
McConnell, and Fehnel (66) have recently published a preliminary
report of a comprehensive survey on this subject.

The industry in this State consists mainly of several fabricating
plants engaged in the making of asbestos cloth. hrake jining, in-
sulati asbestos rope and wick. ang i -
gets. According to the 1931 Pennsyivania Industrial Directory (61)
there are approximately two thousand persons engaged in the manu-
facture of asbestos products in Pennsylvania.

The nature of asbestos dust is such that many of the standard
procedures used for other dusts could not be used. Changes in the
accepted standard method were required in the collection, e¢ount-
ing, and particle size determination of the dust. In Part I of this
report (41) the method of collection and counting of dust en-
countered in this study was described and summarized.®
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Preliminary to the collection of atmospheric dust samples in cach
of the four plants included in the survey, general iniormation was
obtained concerning all phases of plant hygiene, with special refer-
ence to the general plan of the factory, number and types of opera-

The concentration. of dust in a plant was determined for cach

‘. operation or department. A complete study of each operation:was

made, noting in detail the nature of the work, approximate time re-
quired for each opcration, and changes in the process, so that sam-

: ples collected would be represcatative of the actual exposure to

dust. ,
PropERTIES OF ASBESTOS
“The term “Asbestos” in its commercial sensc is loosely applied to
3 group of minerals with a number of sub-divisions having, in com-
mon, fbrous structure, and possessing more or less resistance to
the action of fire and acid. The three mineral groups are:

1. Anthophyilite—(2{g.Fe) SiO,. S
2. Amphibole or Hornblende—Silicates of Fe, Ca, Mg
3. Serpentine—31[g0.28i0,.2H,0.

The three types of asbestos ordinarily used in manufacturing are
chrysotile, crocidolite, and amosite. Crocidolite (blue asbestos) aad
amosite, a vellow or browna variety of ¢rocidolite, both belong to
the amphibole or hornblende group. The principal source of the
latter two varieties is, at present, Rhodesia, South Africa. Chryso-
tile, a mineral of the serpentine group, comprises the bulk (about
95%) of the asbestos of commerce. Only relatively small amounts
of crocidolite and amosite are used in comparison to the quantity

of chrysotile,

The principal source of chrysotile is the Thetford region of Can-
gﬁ:MM&W};@ The Uniited States does
. not rank high as a producer of asbestos, the domestic output being

less than three per cent of the amount used in its asbestos manu-
facturing industries (10). No asbestos is mined in Pennsyivania,
although small amounts have been found jn serpentine quarries
from time to time. No attempt has ever becen made to separate the
asbestos from the scrpentine in these quarries. Arizona and Ves-
mont supply the buik of asbestos mined in this country.

TABLE ~TTITICAL AXALTZES OF CHRYSOTILE
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In the Cauadian deposits the chrysotile is found in veins from
one-cighth inch to six inches in length, occurring as bLands in the
serpentine rock. The mineral is generally a dark to blackish-green

*  Justrous color, although when the fibers are separated into fine

filasnents, they are white. The fibers are very fine, silky, soft,
greasy and slippery to- the touch. They cannot be separated into
a single fiber like cotton or wool. . -

Chemically, chrysotilc is a hydrated silicate of magnesium with
smail amounts of oxides of iron and aluminum. There are many
published: analyses of chrysotile from the Thetford region, and
they appear to vary but little. Table I gives cight typical analyses
of chrysotile (95). The silica shown in the analyses in Table 1
does not exist as free silica, It is chemically coinbined with the
bases in a compiex molecule. Sampies of dust collected in the
workers’ breathing zone with the eleciric precipitator (30) were
analyzed petrographically and were found to contain no {ree silica.*

The chrysotile of commerce is classified in two general grades,
depending on the length of the fibers. Crude fiber consists of the
hand-separated and -selected material essentially in its native or
unfiberized form. 3Iill fiber inciudes ail grades that are obtained by
mechanical crushing of the rock and subsequent méchanical sep-
aration of the fiber. Crude No. 1l consists of fiber whose length
is ¥ inch and longer; Crude No. 2 ranges in length from 3§ inch
;xp to ¥ inch. Mill fiber includes all fibers less than 34 inch in
en

e spinning quality of asbestos fiber depends primarily on its
length. Consequently, the best grades of asbestos textiles are made

from the crude fiber. The shorter fibers are ysed in cheaper grades
textiles and in the manujactu e -

ter, and cement. | ]
: Descrirriox oF Process

tion—Crude fiber as received from the mines has under-

e no treatment other than hand-hammering to remove the rock
the fiber, after which it is sorted and screened. It is received

st the plant in burlap bags, each containing one hundred pounds.
The fibers must first be separated and loosened to remove rock par-
ticles. This operation is done in what is known to the industry as
a “preparing room.” A number of bags, sufficient for one batch,
are opened and dumped on the floor of the preparing room. The
fiber is fed into rim-wheel crushers and crushed for about fifteen
minutes. These crushers have two heavy rollers attached to 2
radial axie, and revolve on a smooth surface on which the asbestos
is placed. After the fibers have been crushed and ivosened suffi-
ciently, they are fed into the hog_per of an opener or fiberizer,
usually of the Saco-Loweil type. This operation serves to further
open the fibers. From the opener, the asbestos is discharged onto
a rectangular shaker screen where small pieces of stone, foreign
material, and some of the dust are removed. The asbestns is liited
from the screen by air suction and conveyed to storage bims. It is

en read with cotton. -
& agaiyses of sampies were coardueted by Dr. A, 2. Gallowzy, of the Indusirisi
Hygiene tory, Pennsyivania Department of Labor sad Industry.
§

an aey et
.




NS XrH

WO SEL AR T SR D AT Ve ok, e

e

A1

e P

N e s ca g

o e e R BN L O I N g A A S

R

ez e,

-y

.

Miil fiber, because of the mechanical crushing and separation
given it at the minc, does 2ot require the preliminary processing in
the rim-wheel crushers as does the crude fiber, The mill fiber is
fed directly into the Saco-Lowell opencr, and from then on is given
the same treatment as the crude fiber.

Asbestos fibers when cxamined microscopically do not possess

the rough imbricated surfaces of other fibers such as wool. They

resemble fine polished mewl rods, iree from any serrated surfaces.
This characteristic explains the extreme difficulty encountered in
attempting to spin a thread of. pure asbestos. A certain amount

- of cotton must be added as a binder for spinning. The amount

added depends on the type i fiber and the use for which the finished
product is intended. Table II shows the average amount of asbes-
tos used in the manufacture of products made in the four plants
included in this survey. .

TABLE II=PERCYNTAGES OF ASBESTOR IN VARIOUS ASBESTOS FRODUCTS*
T I ST

E SN
’ Pam Plast Ptasy Plant
Materisl . A B [ D
Brake lining (woven) - . -~ 0-713% 0%
insulsting tape - " ] ]
Asbestos elotb 3 - 80100
Commercial grade yarz - L o 75-100
Gort, Specif. YRID 008 S0N ceeae— -~ » - -
Asbestos rope and wiek - » . 0
Yara tod cloth, Underwriters Sp0t. cme—en! <8 - -
Asbestos cements - v - -
Beake luing (mokied) - - » -
Asbestos paper - - - ]
W% magpesia insulation - . - 1s
" Asbestos shingies aned Jombder - - - . %

owmumauwnmmw&

Mixing—Weighed quantities of as d cotton, and usuali
some small amounts waste, are dum in alternate layers
in a pile on the floor of the mixing room directly in front of the

mixing picker. The batch is shoveled into the picker, which is
equipped with revolving beaters. In order to sccure thorough mix-
ing, the batch is run through the samo picker twice, or through
two pickers arranged in series. The mixture is removed by suction
to the storage bins to await carding. -.

Carding~—Carding is necessary to remove the remaining small
bits of rock, and to comb the fibers into a more or less paraliel con.
dition so that they may be spun. A card is a machine with a series
of revolving cylinders covered with strips of leather, wound di~
agonally, and fitted with fine, close-sct, sharp steel bristles. A card-
ing unit, as used in ashestos plants, usually consists of two cards,
the breaker and the finisher: The mixture of asbestos and cotton
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is wheeled in hand trucks from the storage bins, and fed by hand
into the feed hopper of the breaker ¢ard. It is passed over the re-
volving cylinders of the breaker card., emerging in the form of a
loose blanket or web. The direction of flow is then changed
through nincty degrees. Tt next passes over a camel-back into the
finisher card. The fiber is stripped from the last cylinder of the
finisher onto a moving icather apron where a2 set of reciprocating
serapers or rubbers condenses it into loose rovings or “slivers” of
unspun yarn. These rovings are wound on long Jack spools to be
taken to the spinning department. :

The rovings at the cxtreme ends of the cards cannot he used for
spinning purposes because of their lack of uniform thickness. These
are gathered up as card waste, and, togcther with waste from sub-
sequent operations. returncd to the preparing room where the waste
is shredded and added to later hatches.

Some cards are designed so that a fine cotton thread may he in-
corporated into the rovings as they are doifed from the card. This
practice yields a stronger roving. -

In the manufacture of ashbestos rope and wick. only one card is
used. The rope and wick rovings, which are not subsequently spun.
are thicker than yarn rovings. Hence. one carding operation is sui-
ficient. Generally a fiber of shorter staple than that used in textile
manufacture is used for making rope and wick.

Spinning—The unspun rovings, as they are doffed from the cards.
necessarily have no twist and thercfore little tensile strength. It
is necessary to twist or spin these rovings to impart the desired

_strength. This spinning may he done cither on ring spinning frames

or on a machine called a mule. In the plants includerd in this study
all the spinning was done by the latrer method. Severai of the
plants had spinning frames, but thev were not in operation. :
. The mules had from two hundred and sixty to possibly five hun-
dred and fiity spindles mounted in a straight line on a carriage
which is made to move forward and backward. The Jack spools
from the cards are mounted on the mule and the ends of the rovings
fastened to the spindles. As the spindles recede from the Jack
spools (2 maximum distance of about fifty-four inches) the rovings
are unwound. The spindles turn slowly as they recede. to give a
slight twist to the rovings. When the spindles have reached the
point of greatest recession they are turned very rapidlv, and the

“ yam spun. When sufficient twisting has been done. the spindle

carriage moves back amain in the direction of the Jack spools. caus-
ing the spun yarn (about fiftv-four inches) te be wound on the
spindles. The operation is then repeated until the spindles are
fully wound with single-ply varn. )
The duties of the mule sninner are to remove the spindles from
the mule when thev are filled. and to tie the broken ends of the
unspun rovings as the spindles recede. This last operation requires
constant vigilence, because the rovings are continually breaking.

Subsequent Operations—The spindles from the mules arc next
transferred to a spooling or winding machine to rewind the single-
ply yam on other types of spools. This is simply a mechanical
transfer of the yam. . .
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These spoois are next taken to a twistinig machine where two or
three of the single-ply threads are twisted into oue thread. For
the manufacture of brake lining or packing the yvarn may be re-
inforced with a fine metallic wire, This addition is performed dur-
ing the twisting operation. The twisted yarn is finally wound on
paper spools about six inches long. .

The twisted yarn may be sold as such to other manufacturers, or
it may be woven iato cioth, tape, or brake lining, or braided in the
same plant,

Weaving—\Veaving is done on looms in a similar manner to the

‘method empioyed in weaving wool, cotton or silk. In the weaving

of asbestos tape intended for electrical insulation. single-ply yarn
with 2 very low cotton content is used. Alost tape looms arc con-
structed so that as many as twelve pieces may be woven at. the

‘ same time. It is the usual practice in weaving asbestos tape to wet
the bobbins or “cops” with water before weaving. The warp is

kept dry.

Cloth is woven in much the same way as insulating tape. Two-
or three-ply yarn is used. Sometimes the varn is reinforced with
metallic twires, penerally brass or copper. Either or both the warp
and fill are dry or moistened with water, depending on the use for
which the cloth is intended. '

Brake lining is woven on looms in the same manner as tape. As
many as eight pieces may be woven on one loom at the same time.
It may be woven dry or wet, or with the warp impregnated with 2
“dope” solution. This solution is generally 2 suspension of gilsonite
in sasoline to which other ingredients may be added.

Final operations in the manufacture of woven textiles consist of
calendering, inspecting and winding of the products. These opcra-
tions are ail mechanical ones, and require no description.

Gasket Making—-Onec of the important uses of asbestos cloth is
in the manufacture of ring gaskets. In this process, the asbestos
cloth is spread on the floor and impregnated with a solution of rub-
ber in gasoline. to which has been adided barytes and other pig-
ments. The rubber-treated ashestos cloth is cut into strips of nre-
determined size, and the gaskets formed by hand. They are then
coated with soapstone, calendered and packed for shipment. An
inexpensive gasket and packing is made by twisting thick rovings
into ashestos wick and rope. Still other types of packings are made
by braiding asbestos yam on specially designed machines. :

: . ' .O'rxn Processzs

Other products containing asbestos are made in some of the plants
included in this survey. These products include asbestos paper, in-
sulation for steam pipes, asbestos cements, shingics, lumber, molded
brake lining. and cold molded asbestos articles, generally clectrical
fittings and houschold appliances. The fiber used for these purposes
is of short staple. The percentages of asbestos used in these ar-
ticles is indicated in Table IL . :
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ParticLs Si1zg DETERMINATION

Cooke and Hill (22), in autopsies of ashestos workers, have
found particles in the lungs measuring up to three hundred and
sixty microns in length. Accordingly, in the determination of the

average particle size of asbestox dust, all fibers, irrespective of -

length, were measured. | )

Methods of Particle Size Determination——Within recent’ years
three gencral methads have been used for measuring the size of
icles. One method, a direct one, involves the use of the filar
micrometer inscerted in a microscope tube, measurcments being
made by moving the micrometer adjustment and reading the vernier
to determine the diameter of the particles.

The second method, an indirect one, was introduced by Green
(55) to determine: the size of paint and rubber pigments. Tt has
since been applied to the measurement of the average size of in-
dustrial dusts. In this mecthod. an indirect one, photomicrographs
of the sample are made on lantern slides, which are then projected.
by a stereoptican on a screen at a known magnification. The
imagcs are measured and the average size calculated from these
readin .

With the third method. the dust is collected on a microscope
slide, and the images projected on a ground-glass screen with a
micro-projection apparatus, and measurements made. This latter
method is the one used in the present study, and will be described
more fully in a later paragraph. .

ature of Asbestos Dust—The dust encountered in ashestos fab-
j lants is non-uni i 1t is seen to consist of

t es: particies herical in :
fibers; and cotion . Tigure 1 is a photomicrograph of dust pro-
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¥ duced when processing mill fiber. The three types can be readily followed. with measurcr
.k noted. . : longest diameters.
i Because of the non-uniformity of this type of dust, average par- :
A ? ticle size was determinced in two dimensons. one at right angiles to TABLE IIl=EXAMPLE ¢
% the other. JMecasurements were made of the longest diameters, ) - ASERY
‘¥ which were termed longitudinal diameters, and a sccond set of Magnifestoms00  1:
2 measurements were made at right angles to the first, which were : )
termed. transverse diameters.
: ‘Method of Collection—-Samples for the determination of particle - : t
size were collected by the use of the electric precipitator (30). This 1
"' method yielded samples that were satistactory for direct micro- 1 5.0 noe
Y. Z projection and measurement. No intermediate steps for preparing 5 ] .3
§ the sample werc necessary. 44 34 o
¥ ° The precipitator employed was designed ou the principic of the 16 e 1
7 Cottrell precipitator. The air was drawn through the precipitating b4 ] i
¥ tube by a small rotary fan driven by a motor, the rate of flow being 0 1.9 9
¥ measured by a flowmeter. The rate of sampling was one cubic foot 8 6] H
E (28.3 liters) per minute. The precipitating tube was made of Pyrex s ns H
¢ glass with an inside diameter of 24 ecm. A number 1 microscope n 2.5 16
*  cover slip, 22 by 70 mm. in size was placed in the precipitating tube 2! B3 1
¢ directly beneath the central electrode. The dust in the zir was = i :
deposited electrically on this cover slip. When a representative 2| 60 3
. sample had been precipitated, the cover glass was removed and 3 s H
©  mounted dry on a microscope slide. A total of sixteen samples was R S !
! collected at various operations, all being taken in the breathing zone » w3 | t
. of the workers. . : e oo | 3
. Measurement—A micro-projection apparatus with .the microscope a ag i H
> arranged in a horizontal position was used. Apochromatic objec- g B3 3
. tives, 8 mm. and 2 mm., and a 10x compensating evepiece iverse = 7.8 H
- employed. This system practically eliminated color fringes, gave a al B H
flat fieid, furnished maximum light intensity, and permitted the & =S | 5
measurement of the long fibers. 81 23 :
The images were projected on a ground-giass screen at a pre- a -3 !
. determined distance from the microscope. This screen was ruled © w0 H
. in centimeter squares to facilitate measuring. A transparent rule g &3 H
! was used, and the size of the projected images recorded in milli- 100 5.9 1
meters. Accurate focusing on each individual particle before meas- ] %0 | H
+ uring was accomplished by a remote control attached to the fine 11 -3 H
s adjustment of the microscope by a mechanical sieeve. » ioig 3
: Predetermined magnifications of 2000 and 10.000 were used; de- 178 a5 1
:  pending on the objective. Measurements were made according to ' ™, wep ! 1
: the method suggested by H. L. Green (56). Using the 8 mm. ob- m e | !
; jective (magmification 2000) the longest diamcters of two hundred - 20 | 1000 | 3
. particles were measured. all lengths less than ten millimeters (five B2 323 )
;. microns) being negiected. The number of fields examined was also 30 | 180 | 1
s recorded. An cqual number of particles was measured using the Total T w0 1
¢ 2 mm. objective (magnification 10,000), and all particles fifty milli-
¢ meters (five microns) and over werce disregarded. Again the num- Results—-Particle size
: ber of fields examined was recorded. These measurements were the dust collected at var
{ used to calculate the average longitudinal diamefer of the sample. but no appreciable vari:
% The method of calculation is shown in Table III. For the calcula- : B marked difference in the
5&",03 tion of the average transverse diameter the same procedure was the two general grades
T 10
&
L ‘ .
3 .
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followed, with mcasurements being made at right angles to the

longest diamcters.

TABLE U-EXAMNPLYE OFf METHOD TRED IN THY CALCULATION OF
AVERAGE JONGITUDINAL IMAMETER

SRR AR
Magnification—2000 133 Pulkis Magnifieation—10,000 112 Plelds
mm. u t f faxu mm. | ° l t ‘tza
» 3.0 fn 9.00813 245035 3 l 03 | 3 1.1t
3 .9 1 23208 1.300%0 £ a4 7 1.48
. B 3 09048 0.64642 5, 05 38 1.90
1 2.0 ¢ 3300 0.528%0 €. 06 ! 7 0.42
s 7.5 b 3 29780 2,253%) T ey 2 .14
1] 3.0 3 03315 0.26520 8! .08 i 10 8.00
” 8.8 1 08315 0.231:8 9 %9 3 0.9
18 2.0 s 20320 2.35%%0 3 ! 1.0 - .30
» 10.0 ? 20853 $.95350 ol 1.2 Il .85
n 10.3 1 L8315 0.8450¢ 12 13, 1 1.n
o 1.0 3 00015 0005 1S 11 3.63
= 1.4 2 0G0 0.96345 o 20! 1 21,00
. 0N 2.0 1 3315 i 3 2 410
3 2.5 1 L3040 ¢.43000 %! 8! 2 5.00
= 13.3 1 o815 0.44533 0] 390 7 21.00
] 1.0 1 3233 0.40410 0 8S $ 34.60
» .3 1 L8818 0.4%067 0! 40! 1 $.00-
» 15.0 [ 0520 07500 @1 43 3 .50
3 %0 | 3 o338 0.5%40 | -~ .
» 18 » 2085 5.2m1s Total ;. wo | 10100
» o 1 o8 0.50630
-4 8.5 3 08315 0.613%3
» 19.0 b 4 00030 1.28000 mm, = Length of mage in millimeters,
» 0.5 1 00630 1.299553
o 20.6 13 43008 8.61500 u = Leagth of particle In microns.
3 5.0 3 L8NS 0.89618
< n.s 1 03818 0. t = Prequency
o 2s 3 00943 Lo
@ 2.3 1 L8 0. usx ¢
] 5.0 4 1330 fr =
8 n.s $ JETS §.5082 138z @
© 89 ? R 9.15008 T3 + Wiz
a 88 - 1 L8318 1.0442% | Avernge DIAfRetef m e
- > X ] 36578 s 21 + 2L
| = i e | e
k: ».5 1 L2318 1.20007 = 1.33 microas.
- 73 2 00030 2.46523
» “.0 H 00CR 2,652
» as 2 00830 81575
» a.3 1 K- 1.5
bl 0.8 1 08318 1.05750
ne 8.0 4 13260 7.500
1! o 1 033 1.8%0C0
1% @.0 4 33%0 $.61500
e 2.9 b 0030 4.64100
0 2.0 3 20943 2.96600
T 5.0 1 s 20778
m 7.5 1 i 2.90002
ol 90.0 1 3313 2,97060
00 0.0 1 KT 3,250
ne 108. 1 63315 3.48023
o 3.0 1 0313 3.81%25 .
ol 120.0 , 3 LOS 11.93400
» 105 ] Qs 48057
0 3.9 1 oms 5.400°3
E- J 188.0 1 03815 §.13208
Total = | s.o0c0 | 175.11063

Results—Particle size determinations were made on samples of
the dust collected at various stages in the process of manufacture

but no appreciable variation was found.

owever, there was a

marked difference in the average particle diameter of the dust from

the two generai grades of asb
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: tudinal diameter of the dust from crude fiber was found to be 2.12 |
nwea o O microns, while that of mill fiber was 1.35 microns. Transverse
TT1 ] - diameters were 0.09 microns and 045 microns for crude and mill
fiber respectively, The longest fiber observed measured four hun-
dred and two microns. -
‘The percentage frequencies of the various-sized particles were
determined for longitudinal and transverse dimessions. Figure 2
shuws these values plotted on Hazen's logarithmic probability
[ papcr’
- i The difference in the two types of dust is further shown by ex-
L, amination of Table IV. Three per cent of the erude fiber dust was
y ; ten microns or more in length. while only 1.7% of the mill fiber
M : dust occurred within these limits. Twcntx per cent of the mill fiber
] dust was 0.5 microns or less in length, while only 165% of the crude
fiber dust fell within this range, .
TABLE 1V. SIZE FREQUENCY DISTRILCTIONS OP ASDESTOS DUST
S SN =
Cruxde Fiber - ¥ ¥iet
Siae Group in Mieroes -
' wmu{ Trassverse | Longitudical | Traneverse
Under 0.49 0% i Wa% 0% ! %.3%
5000 w4 i .0 CY B 0.3
1e-1.49 s | 7.8 T3 ' g
1.5-1.09 (X1 i 3.4 60 ] —
2980 “ 1.5 “wo YR
m-. L9 ] ——ne 2.4 i w———
3.9 2 | —— 1.7 i —
$.5-3.99 - %2 — [
‘ 104,08 3.3 ——— 20 !
4.5-4.99 2.6 e 20 | o
. 50 and over 4.0 1.2 e ! [X3
. Dusr CONCENTRATIONS IN THE PLANTS
¢ All samples were collected by the modified form of the Greenburg-

Smith impinger (38) using ninety-five per cent U. S. P. ethyl alco-
hol as the collecting medium. Dust counts were made according to
the method described in Part I of this report (41). Ail particles
were counted regardless of size. Particles less than ten microns in
greatest diameter averaged approximately ninety-seven per cent of
the total.v‘l‘he dust counts for the different operations are shown
in Table V. e
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s The relative degree of dustiness in the various departments of
e i the four asbestos fabricating plants surveyed is indicated in Table
= VI. This summary of the average concentrations from the different
N . plants has been prepared frown the data contained in Table V.

3 Rall IR Rabai . TABLE ¥I, RELATIVE DUST CONCENTRATIONS IN DEPARTMENTS OF
. ASBESTOS I'LANTY
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It will be seen that the highiest dust concentration occurs in the
. preparing room, where the asbestos reccives its preliminary treat-
: ment. The lowest concentration is associated with the making of
: ring gaskets. The figures given in Table VI, while showing the
relative dustiness, do not explain {ully the conditions in each de-
partment. The concentiration of the dust in the successive phaszs
of the process varies, depending on the type of fiber used and the
method of manufacture. In order to explain these variations, it is
necessary to discuss separately, conditions cncountered in the sev-
eral operations. The figures given in the following paragraphs rep-
resent the concentration of dust in millions of particles per cubic
foot of air. . ,

: v Preparation——The dust in the preparing rooms is practically all

) due to pure asbestoS, no cotton havii e de-

: gree of dustiness depends primarily on the type of fiber used. Thus,

~ it was found in plant B that when mill fiber was fed into the Saco-

Lowell opener, the average count was 119.4, as compared to a con-

centration of 332 when the longer-staple crude fiber was treated
in exactly the same way. ’

In plant D one of the operations involved the screening of short-

, length mill fiber without first passing it through a Saco-Lowell

opener. The employe engaged im feeding the material onto the

- -sereen was found to be exposed to a concentration of 63.7. A sec-

b ound workman, whose duty was to fill burlap bags with the screened

fiber after it had heen removed from the shaker by suction, was ex-
posed to a concentration of 96.1.

In the mixing room, where the cotton and asbestos are hiended.
the degree of dustiness was again found to depend primarily on
the type of fiber used. For exampie, the concentration of dust was
10.6 when 2 mixture of cotton and mill fiber was being ied into the
mixing picker. The concentration dropped to 3.1 when the mixture
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was made from crude No. 1 fiber. In plant D, when the lowest grade
mix was fed into the picker, the concentration was 84.7.

Carding—The marked diffcrence in the total dust count in the
carding operation as the result of using different grades of asbestos
will again be seen. \Vhen the crude fiber mixture is being carded
for the manufacture- of electrical insulating tape, 3 concentration of
1.1 was noted. The mixture for cheaper grades of yarn, such as
that used for weaving brake lining, is generally made from mill
firer. The concentrations of the dust when mill fiber was being
carded were 23.4, 24.3, 298, and 80.0. The samples were collected
in card rooms of various plants.

Qccasionally the loose web of asbestos and cotton, as it emerges

“ from the breaker card and passes over the camel-back, becomes

broken. It is then the duty of the operator to go to the rear of
the card and repair the broken web, the task requiring approxi-
mately one-half hour per day. It was found in one plant that the
employee was exposed to 2 concentration of 57.5 during this time,
while during the remainder of the day he was exposed to a con-
centration of 24.3.

At intervals it is necessary to shut down the card and clean or
“strip” the rolis, This is done by scraping them with a hand-card,
which is a brush covered with strips of ¢ard cloth. The cylinders
are siowly turned by hand at the same time. The dust concentra-

" tion during this operation was 5.5. Sometimes the roils are cieaned

while they are being turned at the customary carding speed. The
employes stated that this was.a very dusty operation, but it was
impossible to obtain samples during this procedure.

Weaving-—The concentration of dust in weaving is dependent on
many factors, but principaily upon the following: (1) quality of the
warp and fill being used; (2) whether weaving is done dry or wet;
(3) conditions of ventilation; and (4) nature of the finished product.

The influence of the first factor is shown in the weaving of in-
sulating tape and brake lining in plant C. A concentration of 6.9
was associated. with the weaving of tape (made from crude fiber).
In the weaving of brake lining made from mill fiber, the count was
27.1. In both of these operations the warp was dry and the fill wet.

As pointed out in the description of the weaving process (page 8),
weaving may be done either with the yam dry or moistened with
water. The presence of moisture materially decreases the con-
centration of the dust. For example, in the wet weaving of brake
lining the concentration is 6.1, but when it is waoven dry the count
increases to 27.0.

The effect of ventilation is shown in the weaving of cloth in plant
D. In this plant, ordinary elcetric fans were located just bhack of
the weavers, so that dust generated in the process would he blown
away from the worker’s breathing zone. When the fans were
operating the concentration of dust in dry weaving of cloth forty
inches wide was 99, When the fans were turned off, the figure
rose to 33.3. '

The fourth factor, nature of the finished product. also influences
the degree of dustiness. Thus, the average concentration en-
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countered in weaving insulating tape was 10.5; that of cloth, 21.3;
and of brake lining, 23.0-

The looms in time accumulate 2 preat deal of liut. This is re-
moved periodically (generally once a week) by beating the loom
with a flexible rubber paddle. Each weaver cleans his own loom,
the time required being approximately onc-half hour per week.
During this operation the dust concentration was 74.].

 Spinning—The concentration of dust in the mule spinning room
depends on the type of asbestos fiber used in the making of the
yarn. A count of 2.1 existed during the spinning of yarn made
from crude fiber for the weaving of insulating tape. A yarn made
from a high grade of mill fiber produced a concentration ot 5.5. The
dust associated with the spinning of commercial grade varn, the
cheapest grade madé, was found to be 13.2. These figures are for
the mule spinning in plant B. In plant A the average concentration
to which the mule spinners were exposed was 23.0. In this plant
all' operations from preparing to weaving were carried on in the
same room, Consequently, it is impossible to state thar this con-
centration is due to mule spinning alone.

Other Opcrations—The minor mechanical operations necessary in
the production of asbestos textiles have relatively sriall concentra-
tions of dust associated with them. In thé winding operation in
plant A this was found to be 8.0. Again, this number cannot all be
ascribed to winding because of the fact that all operations were

ormed in the samc room. In plant B, in the twisting room, a
figure of 2.4 was found associated with twisting two-ply varn. This
figure increased to 4.0 when yarn was twisted three-ply.

Warping is a mechanical transfer of the twisted yarn to large
s or warp beams for the looms. It gives rise to very little
dust, the concentration being 1.0

Dusr ConcENTRATIONS 1N OTnER PRocEssEs

In addition to the fabrication of asbestos textiles, one of the
plants manufactured other products in which the amount of asbestos
was considerably less than the amount used in textiles. These
products included 85%. magnesia insulation, molded brake lining,
asbestos cements, shingles, lumber, and tile. One plant made as-
bestos paper which contains ninety-five per cent of short-staple miil
fiber. Determinations of the dust concentrations were made at
some of these operations. The resuits are shown in Table VIL

Oraez PorExTtiaL Hazazps

This survey was concerned only with the hazard caused by ashes-
tos dust, but other materials that must be considered as potential
hazards were found. These materials are gasoline and benzol in the
gasket and molded brake lining departments, tale dust in the gasket
room, and lead compounds in the rubber mixing department. In
the finishing asbestos lumber and tile, additional potential hazards

are lacquer solvents and sand from the grvinding and polishing op-

erations.
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OPERATIONS IN AN

ASBESTOSIS—PART 11I.—-The Effects of Exposure to Dust

| Coneens :
{ tratioa i 3 =
Miitions ot Encountered in Asbestos Fabricating Plants on the Health
Sasmples 2E cuble of a Group of Workers,
ot Alr . - . .
Complete physical examinations were made of sixty-four persons
; 48 men, 16 women) employed at the time in the plants listed in
4 By : Part II of this report. O! this number seven men without previous
1 4 s exposure were used as controls. Selection of the workers was re-
1 1.2 ’ ‘ stricted to those empioyed in textile manufacture. Those workers
: pens longest employed were chosen because the nccessity of including
1 .7 i a sufficient number from this group is evident. Attention was aiso
3 ) . paid to the group with exposures of shorter duration and to the
1 26 icular operation at which the worker was employed. Table
1 ) sm2 . pera L el ploy
2 w.:-:?.: 1I1 shows their age distribution. :
sl TABLE VIII. DISTRILUTION BY AGE OF ALL PERSONS EXAMINED
LA £3.0-263.¢ ’ - A——————— S ——
i i «“El:’" . . “! Nuamber in Age Groop
Greup Persons
rxatatned H H ia
: . . ) Under 20| %% 09 5080 and over-
R o Controls el 2 1 s - 1 3
. , ADOLONS o] 1 - T . - 1
Kegative a 15 n n 3 2y
. {
Totals " 3 u w ¢ .

: . . . . Asbestosis was found in fourteen persons (12 men, 2 women).
o : : ar 25 per cent of the exposed group. Forty persons were diagnosed
‘ R as negative and the remaining three doubtful. Of the latter group.
one individual had previous exposure to silica dust which may have’
been the primary or contributing cause and, as a resuit. has been
eliminated from any further consideration. The cases having as-
bestosis were divided into those having slight and moderate pul-
monary fibrosis. no advanced cases having been found. The esti-
mation of the degree of involvment depended on the amount and
extent of fibrosis seen roentgenologically and in the clinical find- -
ings.

The present, past, and family medical, and previous occupational
histories were secured from each worker. Direct questions, which
might influence the individual’s replies in regard to his subjective”
:ymgtoms, were avoided in obtaining chief complaints. The pre-

ominating subjective symptoms in the positive group were cough
, and dyspnea. Other major subjective srmptoms were dry ?E?o%t
: and Trequent colds., One individual in this group had no subjective
: symptoms. . . :
B
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Objcetively, the major symptoms were again cough-and dyspnea. |

Thirteen persons of those diagnosed positive for asbestosis com-
plained of cough, and cight of dyspnea. Other frequently elicited
objective symptoms were irequent colds, palpatation, weakness,
precordial pain, and pharyngeal dryness. No objective symptoms
could be obtained from one individual in the positive group.
Qceurrence of acute respiratory infections was particularly ob-
served in the past medical history. Frequent coryza or other upper
air-passage intections which did not result in 2 loss of time of three
or more working days, were listed as objective symptoms, Pneu-
‘monia during the course of employment occurred in three of the
positive and seven of the negative group. The past medical his-
tories were otherwise negative except for an attack of pleurisy in

:one individual of the exposed group dizgnosed as negative.

Family histories and, in particular, tuberculous contacts were
noted. Two workers with asbestosis had roentgenological evidence
of healed tuberculosis and negative family histories. Two others
who showed evidence of healed tuberculosis, and who did not have
ashestosis, also had negative family histories. .

Physicai examinations were made with the workers stripped to
the waist. Mean variations in the present and greatest weight were

less in the asbestosis group than n the group diagnosed as nega--

tive and in the controls. Five-minute oral temperatures showed
a maximum clevation of 0.5°C. Four persons having asbestosis had
an elevation of temperature and eleven in the negative group showed
it. Elevation of body temperature in the controi group was absent.
The mucous membranes of the nose and throat of the entire group
were essentially negative. The conjunctivae did not appear to be

_irritated. Tenderness over the antra and frontal sinuses was not

found. Deflected nasal septa were common, and diseased tonsils
were noted in a fow cases. The external auditory canals did not
show evidence of plugging or irritation.

Clinical examination of the thorax included inspection, palpation,
percussion, and auscultation of the heart and lungs. A tendency to
increased anterior-posterior diameters of the chest in the positive
exposed group was noted. In the positive group the respiratory
murtur and vocal resonance were impaived i five cases. Crepitant,
subcrepitant, sibilant, and sonorous rales occurred in nine of the
asbestosis cases, the two latter tvpes being predominant.

The recognition of cyanosis presented 2 difficult problem. When
it occurred the skin had an unhealthy leaden hue, with variations
in the degree of intensity in the three individuals in the positive
group showing this physical sign.

Roentgenological examinations, made of all workers, included
fluoroscopic examination, stereoscopic anterior-posterior and oblique
skiagrams of the chest. In addition to noting gross chest pathology,
the movement of the diaphragm was measured in centimeters dur-
ing the fluoroscopic examination. Right and left oblique
of the chest aided in the interpretation &
i eura. The hila, trunk, an

un
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film sugpested atelectasis. Increased aeration, such as one sees in
emphysaina, occurred in a few cases. Thickened pleura and ad-
Wﬁm’*" The average movement of tre
omes of the diaphragm of the positive group was less than that
of the negative cxposed or control groups. Three of the positive
and two of the negative group were found with roentgenological
evidence of hcaled tubereulosis. Further evidence of pulmonary
discase in four of the positive group was clubbing of the fingers.
The occurrence of ashestos bodies and the presence of B. tubercu-
Josis were determined in a single specimen of sputum obtained from
cach person. Each employe was instructed in the proper method of
obtaining the sputum specimen, and was requested to collect a
morning sample. An equal volume of antiformin was added to

. each sample. After complete digestion of the mucus, the mixture

was centrifuged for three minutes at approximately rop.om,
and the supernatant liquid decanted. Distilled water was added to
the. solid centrifuged portion, and the mixture recentrifuged for
three minutes. A drop of the deposit was transferred to 2 micre
scope slide and examined for the presence of asbestos bodies under
both 8 mm. and 4 mm. objectives.

PIGURE 3. PHOTOMICROGRAPH OF
ASBESTOS BODY. MAGNIFICATION 600
DIAMETERS

The greater percentage of sputum specimens were of a whitish
color, but 2 few were muco-purulent. Tlie asbestos bodies were a
g_lhle yeillowish brown color and varied in size, shape, and number.

e largest asbestos body found measured 117 microns in length.
The bodies ocenrred singly, clumped. and as fragments. When

t singly or in clumps, they presented a bead-like appearance
or & dumb-bell shape. with buibous ends tapering into a narrow
strand at a position midway between the ends. Figure 3 is a photo-
micrograph of a singie asbestos body. [n one specimen an average
of two or three asbestos bodies or fragments of bodies were seen in
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{:md. Voltage 4 mm J functional excreise test, 76, 118, 76, Respiration rate before and two min-
i . utes after {unclional cxercise test, 14, 18, Blood pressure 134/90.
S Fhuoroscopy—Diaphragmatie excursion; right dome, 1.7 cm.; left dome, 2.5 em.
X-Ray—The thoratic cage is negative. The trachea is in the mid-line. The
: . eaardiac sithouette is within noemal limits. The domes of the diaphragm
are regular., The hila and trunk markings are increased in perominence.
The lung markings are siso increased in prominence.
Electrocardiogram—Cardiac rate 60. P-R interval 0.16 sccond. Voltage 3.5
mm, low voltage of all Q-R-S complexes.
- . Diagnosis-=Asbestosis, moderate,
i e * TABLEZ XI. INCIDENCE AND DEGREE OF ASHESTOS(S WITH RELATION TO
@M:W.a OCCUPATION, DUST CONCENTRATION, AND TEAKS OP EXPOSCRE
agggg._ TN—
N Average .
. tration .
Oeanpation of
particies; Yesrs -Totsl
Der cudie of Nt ' ! 1 |
Preparens ~—3 3 s - I - | - 1
e -0 3 - -] 3 - -
Carders “s | -5 5 3 1} 3 - -
6= ? 1 1 | e - -
overt® 1 1w ] e - -
Totsl 1 [; 2 s - 1
’ Wesvers -3 ] s l - | - - -
md [=ry [ 3 1 - - -
" Spinners we | n-1 4 3 - } - -
’ 1090 H 3 2 - - -
overe s 2 - - - -~
v Total 1 u 3 1 - -
L 4
. Winders, - ¢ 4 § - - - -
+ Twisters, - 1 $ | 1 - - -
Waryers, [WTES gTm—Ty N . 1 - - 1
, e = 1 1 - - - -
over B L} ¢ -~ - - -
Total n n [} - - }
Totels » » 7 ? - i T
- The principal factors now thought to determine incidence and
; . degree of the pncumonoconioses are nature and concentration of
the dust, length of exposure, and individual susceptibility. The in-
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cidence of asbestosis with relation to occupation, concentration of

the dust, and length of exposure in the fifty-six persons examined in -

this study is indicated in Table XI. Qbviously the examination of
such a relatively small group prevents the formation of definite con-
clusions as to the influence of these factors. Nor is it possible from
our findings to establish the maximun safe concentration of asbes-
tos dust in the air. Hawever, the results of this investigation show
the nceessity of a reduction of the dust concentrations in those
operations, shown in Part II of this study, where there is continuous
exposure to high concentratioas.

Sonatany

(1). The concentration of dust in asbestos fabricating plants de-
_pends primarily on the grade of asbestos; miil fiber gives rise to a
“higher concentration than c¢rude fiber. Operations arranged in de-
creasing concentration of dust are preparing. carding, weaving, spin-
ning, twisting, winding, and warping,

{2). The average particle size of asbestos dust. is stated in two
diameters, longitudinal and transverse.

(3). Petrographic analyses of dust encountered in asbestos fabri-
cating plants collected in the workers’ breathing zone shows it to
contain no free silica. :

(4). Fourteen, or 25% of fifty-six workers employed in the tex-
tile departments of asbestos fabricating plants in Pennsyivania had
both clinical and roentgenological evidence of asbestosis.

ACKNOWLEDGAIENTS

The Department of Labor and Industry of the Commonwealith of
Pennsylvania wishes to thank the management and employes of
the plants studied for their cooperation and interest wwhich made
the success of this study possible; Dr. H. K. Pancoast and Dr. E. P.
Pendergrass of the University of Pennsvivania, whose interpreta-
tions of the films have been used; Dr, G. W. Grier of the University
of Pittsburgh, for his interpretation, assistance, and advice in the
roentgenological study; Dr. J. Evans Scleehie. Secretary of the
Pennsyivania Department of Welfare, in extending to the Depart-
ment of Labor and Industry the facilities of his department; Dr.
C. A. Laubach, roentgenologist and cardiologist of the Norristown
State Hospital, for doing a large majority of the X.ray work, and
bis technicians for the routine laboratory examinations; Dr. J. D.
Heard and Dr. A. B. Fuller of the University of Pittshurgh, and
Dr. C. C. Wolferth of the University of Pennsylivania, for their as-

. 3

sistance and interpretation of the cardiograms.

l. Amiante. Hyg. du trav,, 1:191-192, 1930. '

2. Anderson, H. V,, and Clark, G. L.: Application of X-rays in
the Classification of Fibrous Silicate Minerais Commoniy
Termed Asbestos. Ind. and Eng. Chem., 21:524-933, 1929,

e e s

-

—— 4

3‘

4‘

s

10.

11

12.

13.

14,
1s.
16.

17’
18.

19.

Auribauit: Note:
daus les filatur
trav,, p. 120-13:

Baader, E. V.:
med. Wchnschr.
Beger, P, 1.:
Arch., 290:280-.
Beger, P. I.: Mo
530-539, 1934
Beger, P. I.: Inj
Med. Klin., Ser
J. Ind. Hyg., 17
Beintker, E.: As
behyg., 2:345-3.
Beintker, E.: Asb
1934, Abstr., J

Bowles, Oliver:
U. S Bur. Minc
Bridge, J. C.: As
of Fact. for the
don, 1929.
Bromley, J. F., \V
- ——A Discussior
Asbestosis. P
Radiol,, p. 262
1934,
Buttner-Wobst,
(asbestosis) us
muss. Tuberkt
Cirkel, Fritz: Chu
tion. Milling a
Dep't of Mines,

Clynes: Asbestos

Cooke, W. E.: T
Asbestos Dust.

Cooke, W. E.: A

Cooke, W. E.: T
1928,

Cooke, W. E.: A
Pulmonary As
Abstr., . Am.
Hyg., 12:34, 19

Cooke, . E.: -
Lungs of Asbc
1931.

. .. T
. = : ., °
B B o PAWE LY WOE " S EN PSR s
4

{

T .. RN

- A e e s =




s

«

NI I e b R o
-

321, concentration of
. irrsons examined in
:..31he examination of
jon of definite con-
% is it possible from
entration of asbes-
finvestigation show
“ntrations in those
§hm'is enntinuous

gricating plants de-
‘gher gives rise to a
318 arranged in de-
. jing, weaving, spin-

-

iit is stated in two

H
] in asbestos {abri-
i zome shows it to

i!pldyed in the tex-
: Pennsylvania had
:Jestosis.

;Commonweaith of
: and employes of
rerest which made
‘oast and Dr. E. P.
: whose interpreta-
- of the University
:and advice in the
© Secretary of the
:ag to the Depart-
"+ department; Dr.
i5f the Norristown
¢ Xeray work, and
itations; Dr. J. D.
:f Pittshurgh, and
+ania, for their as-

s
ation of X-rays in
snerals Commonlv

Nt

. p—

e o et S ¢ - 4

A

..~u’.-.q P mam e it s

) 4

1 21924933, 1929.

i

30

Auribauit: Notes sur I'hygiéne ot Ja sécurité des ouvriers
dans les filaturcs ot tissages d'amiante. Bull. de I'Insp. du
trav., p. 120-132, 1906.

Baader, E. W.: Asbestose mit Warzenbildung. Miinchen
med, Wehaschr., 79:83, 1932,

Beger, P. I.: Ucher dic Ashestosis Korperchen. Virch.
Arch., 290:280-353, 1933. .

6. qu'sca,- P. I.: More on Asbestosis Bodies. Virch. Arch., 293:

7.

9.

"10.
1L

13.

l‘.

18.

- 16

'17.
18

19,

539, 1934. Abstr., J. Ind. Hyg., 17:32, 1935.

Beger, P. I.: Injurious Factors in Asbestosis and Silicosis. .
Med. Klin., Sept. 14, 1934, p. 1258-1261; 1922-1927. Abstr.,
J. Ind. Hyg., 17:32, 1935. ’

Beintker, E.: Asbestosis. Arch, {. Gewerbepath. u. Gewer-
behyg., 2:345-358, 1931, .

Beintker, E.: Asbestosis Bodies. Virch. Arch., 293: 527.529,
1934, Abstr., J. Ind. Hyg., 17:33, 1935. :

Bowles, Oliver: Asbestos—Domestic and Foreign Deposits.
U. S. Bur. Mines Inf. Cire. No. 6790, June, 1934.
Bridge, J. C.: Asbestosis. In: Ann. Rep. of the Chief Insp.
3f Falc;égfor the Year 1928, p. 95. H. M. Stat. Off., Lon-
on, A :

Bromiley, J. F., Wood, W. B,, Ellman, P.: Pneumonoconiosis

* ——A Discussion. Part I-—Silicosis; Part 1I—Puimonary
Asbestosis. Part III—Pulmonary Asbestosis. Brit. J.
Illgasiiol., p. 262-295, 1934. Abstr,, J. Ind. Hyg.,, 16:1023,

Buttner-Wobst, W. and Trillitzsch, C.: Die Bergflacuislunge
(asbestosis) und-was der deutsche Artz vom ilir wissen
muss. Tuberkulose, 11:11-14, 1931.

Cirkel, Fritz: Chrysotile Asbestos. Its Occurrence. Exploita-
tion, Milling and Uses. Mines Branch Bull. 69. Canada
Dep’t of Mines, 1910.

Clynes: Asbestosis and Silicosis. Brit. Med. J., 1:379, 1931.

Cooke, W, E.: Fibrosis of the Lungs due to Inhalation of
Asbestos Dust. Brit. Med. ], 2:147, 1924,

Cooke, W. E.: Asbestosis. Brit. Med. J., 2:1024-1025. 1927.
Coglgt&. W. E.: Pulmonary Asbestosis. Brit. Med. J., 2:585,

Cooke, W. E.: Asbestos Dust and Curious Bodies Found in
Pulmonary Asbestosis. Brit. Med. J.. 2:578-530, 1929
- Abstr,, J. Am. Med. Assn., 95:1431, 1930. Abstr, J. Ind.
Hyg., 12:34, 1930.

Cooke, W, E.: Asbestos Dust and Asbestosis Bodies from
I.ﬁglf: of Asbestos Workers. J. State Med., 39:544-548.

29

TR A 2 2 N W
.

Navae ap

L.

e A ——— —— -

.
. ee—— . W - e -

ot e




e 5t R A AP D Kren 1 e ek, i ANELLINEMIY K O AT R

T

I R b T

Bha,
N F 0 Age PV r e a v

Céoke, W. E.: Silico-Anthracosis Presenting Curious Bodies
Similar to Those in Asbestosis. Brit. Med. J., 1:656-657,

Cooke, W. E.,, and Hill, C. F.: Pneumokoniosis due to As-
bestos Dust. J. Roy. Micr. Soc., 47:232, 1927,

Cooke, W. E., and Hill, C. F.: Pneumokoniosis Caused by

Asbestos Dust. Brit, Med. J., 1:89, 1927,

Cooke, W. E., MacDonald, S., Oliver T.: Strange Bodies

Found in Asbestos Workers. Lancet, 2:136-137, 1926.-

Cooke, W. E., and Hill, C. F.: Further Observations on Pui-
monary Asbestosis. with Special Reference to Asbestos
Dust and Curions Bodies found in the Lungs. J. Roy.
Micr. Soc., 50:15-19, 1930. ) : .

Davis, G. G,, Saimonsen, E. M., Earlywine, J. L.: The Pneu-
monokonioses (Silicosis), Bibliography and Laws. Ind.
Medicine Inc., Chicago, 1934.

Dewirtz, A. P.:: Warts from Mineral Substances. Roussky
Vestnick Derm. 1:243-247, March, 1930, Abstr, J. Ind.
Hyg., 13:125, 1931. . : :

Dhers, V.: Amiante et asbestose puimonaire. La med. du
?‘9?;. 2:147-172; 187-209, 1930. Abstr., J. Ind. Hyg., 13:49,

Donneily, J.:
23:1275-1281, 1930.

Drinker, P.: Alternating Current Precipitators for Sanitary
Air Analysis. J. Ind. Hyg., 14:364-370, 1932.

Drinker, P.: The Size Frequency and Identification of Cer-
tain Phagocytosed Dusts. ]. Ind. Hyg., 7:305-316, 1925,

Effect of Asbestos Dust on IWorkers’ Health in Asbestos
gines and Factories. Labour Gaz., 12:761.762, 1911-1912,
ttaws.

"Ellman, P.: Report on Cases of Pulmonary Asbestosis. Proc.
Roy. Soc. Med., 24:526, 541, 699, 1930-i931.

Ellman, P.: Chest Discases in General Practice. London,
H. K. Lewis, 1932, p. 116

Ellman, P.: Puimonary Asbestosis. Lancet, Feb, 4, 1933,
p. 252-253. Abstr, J. Ind. Hyg., 15:43, 1933,

Ellman, P.: Puimonary Asbestosis:
and Pathoiogical Features and Associated Risk of Tuber-
culosis Infection. J. Ind. Hyg., 15:165-183, 1933.

Fahr, T.: Asbest-pneumokcniose. Aertzl. Verein. March 3,
1914. Hamburg.

Fahr, T.: Asbestosis. Klin. Wehnschr., 11:1114, 1932,

Feil, A.: Asbestosis in Asbestos Workers: Professional As-
bestosis. Pressé Med., 39:1931, 1872-1874.

Pulmonary Asbestosis. Am. J. Pub. Health.

Clinical. Radiological

e

41.

42.

44,

45.

47.

Feuerstack: Uebh
veolen bei der
schrift, 1882,

Fulton, W. B, F
Asbestosis. P:
bestos Dust. ¢
W' 19340

Gardner, L. U, 3
mental Pneun:
Dust; Its Eif.
J. Ind.. Hyg., :

Gerbis, H., and T
{f. inn. Med. 2.

Gerbis, H., and 1
med. \Vchnsci

German Work ot
1832,

Gloyne, S. R.: I

Asbestos Work

Gloyne, S. R.: |
Reference to P
1930.

Gloyne, S. R.: M
ixn Sputum of .

Gloyne, S. R.: !
12:399-401, 194

Gloyne, S. R.: F
of Pulmor

Gloyne, S. R.: A

Gloyne, S. R.:
ng. Tuberc!

Gloyne, S. R.: AL
ubercle, 14:45
Hygo’ 15 :127'12

Gordon, B., Jr.:
639, 1932,

Green, Henry: A
tion of Particl
Franklia Iast.,

Green, H. L.: So
Number and Si:
Hyg., 16:29-39,

Haddow, A. C.: (
Brit. Med. J., 2

S . .
- S PPN TS ADACHT +




1:

A
LY T S VIR RSP PR

L Curious Bodies
vd. J.. 1:656-657,

¥

£iosis due to As~
lm.

Aiosis Caused by
Strange Bodies
36-137, 1926,

WKW”

;g-*ce to Asbestos
§Lungs. J. Roy.
&4

3 L. ‘I‘he.'l"nm-
:and Laws, Ind.

¥

Fat UL71

ftznw. Roussky

; Abstr.,, J. Ind.

>

‘ire. La med. du
Ind. Hyg., 13:49,

S
-’

we

'{: J. Pub. Health.

-

o

e

Hors for Sanitary .

$932.
latification of Cer-
17:305-316, 1925.

talth in Asbestos
i161-762, 19111912,

 Asbestosis. Proc.
o131,
{ractice. London,

fcet, Feb. 4, 1933,
11933,

jical, Radiological

s»d Risk of Tuber-
183, 1933,

} Verein. March 3.
. §~1 1114, 1932,
% Professional As-

1

..

»rvations on Pul-

- ao A — vt b2

— ot

" 40

41,

42,

43.
“.

45

46

47,

8

Q.
S0.

sl‘
s2.

53,
4.
5.

s6.

.

Feuerstack: Ueber das Verhalten des Epithels der Lungenal-
veolen bei der fibrinGsen Pneumonia. Gottingen, Preiss-
‘schrift, 1882,

Fuiton, W. B., Houtz, R. L., Dooley, A,, Matthews, J. L.: -

Asbestosis. Part I—The Collection and Counting of As-
. bestolsg 312\:3:. -Spee. Bull. 37, Pa. Dept. Labor and Induss
try, .

Gardner, L. U., and Cummings, D, E.: Studies on Experi-
mental Pneumokoniosis: VI, Inhalation of Asbestos
Dust; Its Effect upon Primary Tuberculusis Infection.
J. Ind. Hyg., 13:65-81, 97-114, 1931.

Gerbis, H., and Ucko: Useber Asbestosis der Lungen. Ver.
£, inn. Med. 2. Berlin, Sitz. v, Dec. 7, 1931,

Gerbis, H., and Ucko: Asbestosis of the Lung. Deutsche
med. Wechnschr,, 58:285, 1932,

German Work on Pulmouary Asbestosis. Lancet, 3:92-93,

Gl e, S. R.: Presence of Asbestosis Fiber in Lesions of

Workers. Tubercie, 10:404-407, 1929.

Gloyne, S. R.: Reaction of Tissues to Asbestos Fiber, with
3 ;g‘rence to Pulmonary Asbestosis. Tubercie, 11:151.153,

Gloyne, S. R.: "Method of Staining Asbestosis Bodies Found
ilt;s Sl?utum of Asbestos Workers. J. Ind. Hyg., 13:85-8G,

Gloyne, S. R.: Formation of Asbestosis Bodies. Tubercle,
12:399-401, 1931.

S. R.: Presence of Asbestosis Bodies in Faeces of
of Puimonary Asbestosis. Tubercle, 12:158-161, 1931.

Gloyne, S. R.: Asbestosis Body. Lancet, 1:1351-1353, 1932,

Gloyne, S. R.: Infra-red Photomicrographs of Asbestosis
Lung. Tubercle, 14:208-209, 1933. P
Gloyne, S. R.: Morbid Anatomy and Histology of Asbestosis.
" Tubercle, 14:455-461, 493497, 550-538, 1933. Abstr., J. Ind.
Hyg., 15:127-128, 1933.

Gordon, B., Jr.: Asbestosis. Pennsylvania Med. J., 35:637-
e 1033, bes yva 7

Green, Henry: A Photographic Mcihod for the Determina-
tion of Particle Size of Paint and Rubber Pigments. J.
Fraoklin Inst., 192:637-666, 1921.

Green, H. L.: Some Accurate AMethods of Determining the
Number and Size Frequeney of Particles in Dusts. J. Ind.
Hyg., 16:29-39, 1934.

Haddow, A. C.: Ciinical
Brit. Med. J., 2:580-581, A

a

of Pulmonary Asbestosis.

Tt e,
L vt
**’w-mv'-vﬂu'vnwrtm%c i3

{
i
|

|
|

LI PN




o vy

D e e D1y

3

% . -
‘:.\ ‘., . ;

., S8 Hateh, T., Warren, I1., Drinker, P.: Modified Form of the 74. Merewether, E. R
Greenburg-Smith linpinger for Field Use, with a Study of Asbestos Dust
its Operating Characteristics.  J. Ind. Hyg, 1+4:301-3i%, Asbestos Indu:

.. - 1932 o 1930. Abstr., .

59. "Hatch, T. and Pool. C. L.: Quantitation of Impinger Dust . 75. Mills, R. G.: Asb
Samples by Dark Field. Microscopy. J. Ind. Hyg., 16:177- ‘ * 71930,

191, 1934. ’ , 76. Mussa, G. Note

60. Holtzmann, F.: Die Einwirkung des Asbeststaubes. Zentralbl. | amianto. In::

- L Gewerbehyg., 8:225-2%6, 1931, ’ p. 133-139. Ist

. . . i : 77. Otiver, T.: Pulm¢

6l In%t:i?sl, Dxregtguryrz‘ 1931 Edition. Pa. Dep’t of Internal : Ind, Hyg., 934

62. Katz and Slater: The Second: Positive Wave of the Q-R-S 78 Oliyer 2+i Sobes

d Complex. Arch. Int. AMed., §5: No. 1, Jan. 1938, . s t

63. Kettle, E. H.: Interstitial Reactions Caused by Various Dusts 79. Oliver, T.: Asbes

and their Influence on Tubercuious Infections, J. Path. 80. Oliver, T.: Puln

' and Bact., 35:395-403, 1932, : Rev. 31:74-76,

i 64. Knopf, A.: The Quantitative Determination of Quartz (“Free 81. Oliver, T.: Pub
?gg?”) in Dusts. U. S. Pub. Health Reports, 48:1§3-190, Arch. f. Gewer

6. : E., osld. O. Sa £: Asbes Arch. £, 82. Palmieri, V. M.:.
. Kruger, Rostoski, O., Saupe, E.: tosis, Ar
Gew th. u. Gewerbehyg,, 2:558-500, 1931, Abstr., J. 8. Pancoast, H. K. :
Ind. Hyg., 4:144, 1932, R&esntgpenfjggw
: , p. 133,
66. Lanza, A. J., McConnell, W. ., Fehnel, S. W.: Effects of the
Inhalation of Asbestos Dust on the Lungs of Asbestos 84. Pancoast, H. K. 3

R Workers. A Preliminary Study, U.'S. Pub. Health Re- coniosis—Lurt!

; ports, 50:1-12, 19335. : ies. Am. J. Ro

: 67. London Letter: Pneumonoconiosis Cadsed by Asbestos Dust. y 85. Pancoast, H. K. 3

: J. Am. Med. Assu., 89:304, 1927.. i = -. L apeete el

' 68. ‘Lovisetto, D.: Asbestosi. In: Studi sylla preumaconiosi in ' s ’ ’

Ttalis, 1930, p. 115-132, Istit. Poligr. della Stato, Rome. i 8. Parsitang, A L

¢ 69 Lynch, K. M. and Smith, W. A.: Asbestosis Bodies in Sputum f idges '

‘) and Lang. J. Am. Med. Assn,, 95 $59-661, 1930, & | i Vool

! o2, Lyi;cg. (I’C M. aad Smit:tf. Wi;A.: Puimonary Aésbetosis, 11. ! Abstr., Chem. .

uding a Report of a Pure Case. Am. Rev. Tubere., } 88. Policard, A. and

D 23 643-660, 1931. Abstr., J. Ind, Hyg., 13:241,_ 1931. : ‘E;"ro\-pquées ;\:nar

{ 71. MacDonald, S.: Histol of Pulinonary Asbestosis. Brit. o .mua_nte: o

s Med. J., 2:1025-1026, ?gg?. : 4 ae on ) gr%?zfeapgﬁ?.

E 72 Mco?hvethg;l E.R A. A gccurrenge fs &:;lmo%ry rfibro:jis and 1930.

cr Pulmonary Afiections in tos Workers, J. Ind. . 89. Price, C. W.; Vo
: Hyg., 12..1%-222, 239-257, 1930. . S 4 ' . : ;-Ia.t. and Vent
73. Merewether, E. R A.: A Memorandum on Asbestosis. in Dom. Eng. (
Tubercle 15:69-81, 109-118, 152-159, 1933, 3 90. Puimonary Asbest

W . {

?

: !
- - i_. ; -

- '

T e AT L e




s of the
fa Study of
14:301-311,

‘finger Dust
Eyg. 16:177-

Aty

s, Zentralbl.

.,

. ;g of luternal
4
6hf the Q-R-S
peihe &

ifarious Dusts

“fons. J. Path.

¢

oty (4
Quartz (“Free

Fts, 48:183-190,

,‘f:osis. Arch. {.
231 Abstr, J.

1y g

.: Effects of the
igs of Asbestos
{‘xxb. Health Re-

l

i Asbestos Dust.
hneumaconiosi’ in
’fv Stato, Rome.

/Bodies in Sputum
51, 1930,

§¢ Asbestosis, 11.

m. Rev. Tubere.,
113:243, 1931.

: 5’ Asbestosis. Brit,

S
.+ Jonary Fibrosis and
Workers. J. lad.

m on 'Asbésto'sia.

.

oot 0 A~

74,

75.
- 76,

7.
- 78

”0
80.

81

&.
&.

A e e ———— gt w5 -

“‘
8.

86.

-

.87,

—ye

T A et y "‘; ‘. e
1]

] ’w’

Merewether, E. R. A. and Price, C. W.: Report ou Effects of
Asbestos Dust on the Lungs and Dust Suppression in the
Asbestos Industry. Home OfF. H. M., Stat. Oif. London,
1930. Abstr,, }. Ind. Hyg., 12:117, 1930,

Milllséok. G.: Asbestosis: Casc. Minnesota Med, 13:195-499,

Mussa, G. Note cliniche e radiologiche sulla pneutnoconiosi da
amianto, In: Studi suila pneuwsmonoconiosi in Italiz, 1930,
p. 133-139. Istit. Poligr. deilo Stato, Rome.

Oliver; T.: Pulmonary Asbestosis in its Clinical Aspects. J.
Ind. Hyg., 9:483~483, 1927, .

Oliver, T.: Asbestosis in its Clinical Aspects. Brit. Med. J.,
2:1026, 1927. Abstr., J. Ind. Hyg., 1097, 1928.

Oliver, T.: Asbestosis. Brit. Med. J., 2:204, 1929,

Oliver, T.: Pulmonary Asbestosis, Abstract. Monthly Lab.
Rev. 31:74-76, 1930.

Oliver, T.: Pulmonary Asbestosis: Socio-Medical Study.
Arcli. f. Gewerbepath, u. Gewerbehyg., 1:67-76, 1930.

Palmicri, V. M.: Asbestosis. Riforma med., 46:1207, 1930.

Pancoast, H. K. and Pendergrass, E. P.: Pneumoconiosis, A
Roentgenological Study. New York, Paul B. Hoeber, Inc.,

1926, p. 155.

Pancoast, H. K. and Pendergrass, E. P.: Review of Pneumo-
coniosis—Further Roentgenological and Pathological Stud-

ies. Am. J. Roentgen, 26:356, 1931.

Pancoast, H. K. and Pendergrass, E. P.: The Roentgenologi-
cal Aspects of Pneumoconiosis and its Medical-Legal lm-
portance. J. Ind. Hyg., 1§:117-135, 1933, :

Parsitano, A.: L’amiantosi profcssionale. Morgagni, 74:138-
39, 1932. - ’
?idgcon, L. M. and VanWinsen, A.: The Sorption of Water

by Asbestos Fibers, Canad. J. Research, 9:153-158, 1933,
Abstr., Chem. Abstr.,, 27:5230, 1933.

88. DPolicard, A. and 'Mouriquand. V.: Reactioné Tissulaires

‘Provoquées par Vinjection intra-conjontivale de particules
d'amiante. Acad. des sc., séance du May 3, 1930, Lancette
francaise: Gaz. d. hop., 103: 737, May 17, 1930, Paris, Bulil.
d’histol. appl. & la pathol. ¢t de tech. micros., 7:193-199,

.

‘Price, C. W.; Ventilation in Asbestos Textile Works. Inst.
Heat, and Vent. Proc., 30:168-172, 173-179, 1931-1932. Also
in Dom, Eng. (London) 51:200-207, Oct. 10, 1931,

90. Puimonary Asbestosis. Brit. Med. J,, 1783, 1930,

83

b b} et

LR RN )

L Sk 213




