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

INTRODUCTION

In 1934 the Department of Labor and Industry of the Common-
wealth of Pennsylvania rcoeived a request for information relative
to the health of workers emploved in asbestos fabricating plants in
Pennsylvania. The Department had nu data available, and a review
of the literature at that time revealed a scarcity of information on
the general subject of asbestos pucumokoniosis.  Because of this
lack of information, the industries in the State were consulted, and
their cooperation was obtained to conduct a survey, which would
include an evaluation of the hazard from the standpuint of the de-
gree of dustiness and the physical condition of the workers. An
agreement was made with the cmploycers and employes 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 would be destroved, case numbers 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. 11. M. Murray
(16) at the Charing Cross Hospital, J.ondon, in 1900. Cooke (16)
in 1924 reported a case of pulmonary asbestosis. Pancouast and Pen-
dergrass (83) in 1926 examined a group of seventeen ashestos 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 ona gronp of ashestos 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 asbestox cloth, brake lining, in-
sulating tape, asbestos rope and wick. and other miscellancous prod-
ucts. According to the 1931 Pennsylvania Industrial Directory (61)
therc are approximately two thousand persons engaged in the manu-
facture of asbestos products in Iennsylvania.

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, count-
ing, and particle size determination of the dust. In Part T of this
report (41) the method of collection and counting of dust en-
countered in this study was described amd summarized.*

+ Samples of dust taken In plants for fabricating asbestos products were collected by a
modified form of the standard mecthod, using a ¢ per cent U. §. P. cthyl alcohol as a
medum. In this medium the particles were weli distributed and readily counted. Whep
distilled water was utflized as the collecting medium:, agglomeration occurred immediately.
and made counting Impossible. Dispersion of the dust in aleohol is good. A settling time
of at least thirty minutes was required before counting. The partiele count in any given
field remained constant after this perfod. A modified holster is deseribed. 1t I8 constructed
of leather straps, in such a way that the fluld in the impinger flask is visible at all times.
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Preliminary to the collection of atmospheric dust samples in each
of the four plants included in the survey, general information was
obtained concerning all phases of plant hygiene, with special refer-
ence to the general plan of the factory, number and types of opera-
tions, ventilation of workrooms, illumination, etc.

The concentration of dust in a plant was determined for each
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 operation, and changes in the process, so that sam-
ples collected would be representative of the actual exposure to
dust. )

PrOrERTIES o1 AspEsTos

The term “Asbestos” in its commercial sense s loosely applied to
a group of minerals with a number of sub-divisions having, in com-
mon, fibrous structure, and possessing more or less resistance to
the action of fire and acid. The thrce mineral groups are:

Anthophyllite—(Mg.Fe) S10,.
Amphibole or Hornblende—Silicates of Fe, Ca, Mg
3. Serpentine 3Mg0.25i0,.2H,0.

The three types of ashestos ordinarily used in manufacturing are
chrysotile, crocidolite, and amosite. Crocidolite (blue asbestos) and
amosite, a yellow or brown variety of crocidolite, both belong to
the amphibole or harnblende group. The principal source of the
latter two varieties ix, at present, Rhodesia, South Africa. Chryvso-
tile, a mincral 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-
ada, about fortyv-five miles south of Quebee. The United States does
not rank high as a producer of ashestos, 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 Pennsylvania,
although small amounts have been found in serpentine quarries
from time to time. No attempt has ever been made to separate the
asbestos from the serpentine in these quarries. Arizona and Ver-
mont supply the bulk of asbestos mined in this country,

N
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In the Canadian deposits the chrysotile is found in veins from
one-eighth inch to six inches in length, occurring as bands in the
serpentine rock. The mineral is gencrally a dark to blackish-green
lustrous color, although when the fibers are separated into fine
filaments, they are white.  The fibers are very fine, silky, soft,
greasy and slippery to the touch. They cannot be separated into
a single fiber hike cotton or wool.

Chemically, chrysotile is a hydrated silicate of magnesium with
small 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. ‘dable T gives cight typical analyses
of chrysotile (95). The silica shown in the analyses in Table I
does not exist as free silica. It is chenucally combined with the
bases in a complex molecule.  Samples of dust collected in the
workers’ breathing zone with the electric precipitator (30) were
analyzed petrographically and were found to contain no free 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 -sclected material essentially in its native or
unfiberized form. Mill fiber includes all grades that are obtained by
mechanical crushing of the rock and subsequent mechanical sep-
aration of the fiber. Crude No. 1 consists of fiber whose length
is 34 inch and longer; Crude No. 2 ranges in length from 34 inch
up to 3% inch.  Mill fiber includes all fibers Jess than 3% inch in
length.

The spinning quality of ashestos fiber depends primarily on its
length. Conscquently, the best grades of ashestos textiles are made
from the crude fiber. The shorter fibers are used in cheaper grades
of textiles and in the manufacture of asbestos shingles, paper, plas-
ter. and cement,

DescrirtioN oF Prociss

Preparation—Crude fiber as received from the mines has under-
one no treatment other than hand-hammering to remove the rock
from the fiber, after which it is sorted and screened. Tt is received
at the plant in burlap bags. each containing one hundred pounds.
The fibers must first be separated and loosened o retmove 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 bhateh,
are opened and dumped on the floor of the preparing room. The
fiber i1s fed into rim-wheel crushers and crushed for about fifteen
minutes. These crushers have two heavy rollers attached to a
radial axle. and revolve on a smooth surface on which the asbestos
is placed.  After the fihers have been crushed and lvosened suffi-
ciently, theyv are fed into the hopper of an opener or fiberizer,
usually of the Saco-l.owell type. This operation serves to further
open the fibers. From the opener, the ashestos ix discharged onto
a rectangular shaker screen where small picces of stone, foreign
material, and some of the dust are removed. The asbestos is lifted
from the screen by air suction and conveved to storage bins. It is
then ready for mixing with cotton.

+ Petrographic analy&es of sumples were conducted by Dro A, 1. Galloway, of the Industria)
Hygiene Laboratory, Pennsylvania Department of Labor and Industry.
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Mill fiber, because of the mechanical crushing and separation
given it at the mine, does not require the preliminary processing in
the rim-wheel crushers as does the crude fiber. The mill fiber is
fed directly into the Saco-Lowell opener, and from then on is given
the same treatment as the crude fiber,

Asbestos fibers when examined microscopically do not possess
the rough imbricated surfaces of other fibers such as wool. They
resemble fine polished metal rods, free from any serrated surfaces.
This characteristic explains the extreme difficulty encountered in
attempting to spin o thread of pure asbestos. A certain amount
of cotton must be added as a binders for spinning. The amount
added depends on the type of fiber and the use for which the finished
product is intended. Table IT shows the average amount of asbes-
tos uscd in the manuiacture of products made in the four plants
inciuded 1 this survey.

JARLE I PERCLNTAGES OF ASBENSTON IN VARIOUS ASBESTOS PRODUCTS*

Plant Plant Plant Plant
Muaterisl A B (] D
TBrake lning WOV e e W0 L el 6
T lnsulating tape .. . T TN 0 s
TAbeton dotn L T T T T T T T
h Eoml;w-niu-l u.r:n_hv yarno o _._.-. ._-T. ) 75_ ’ ’ _.._ - 7.’:1(-'0‘-
-“(;n\'l Specif. yarn el elothe I i _:_ ‘JU- - T “-.h -
T Nehestos rope and wick S
. Yaur sl cloth, Lnderwiiters Spue -- .._-_ ’ oz ’ | T

Asbestos eements ool

Brake liping (molded) oo

Axsbertos PAPOT oo olialoooo

o Wagnesia jusulabon ..

Ashestos shingles and jnalw

* Compiled from intonmation supptied by the manufacturers.

Mixing—Wecighed quantities of asbestos and cotton, and usually
some small amounts of card waste, are dumped in alternate layers
in a pile on the floor of the mixing room directly in front of the
mixing picker. The bateh is shoveled into the picker, which is
equipped with revolving beaters. In order to secure thorough mix-
ing, the batch ix run through the same picker twice, or through
two pickers arranged in series. The mixture is removed by suction
to the storage bins to await car'l.g

Carding—Carding is neccessary to remove the remaining small
bits of rock. and to comb the fihers into a more or less parallel con-
dition so that they may be spun. A card is a machine with a series
of revolving cyvlinders covered with strips of leather, wound di-
agonally, and fitted with fine, close-set, sharp steel bristles. A card-
ing unit, as used in asbestos 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 card. Tt is passed over the re-
volving cylinders of the breaker card, emerging in the form of a
foose blanket or web.  The divection of flowe is then changed
through ninety degrees. Tt next passes over acamel-back into the
finisher card.” The fiber is stripped from the last cylinder of the
finisher onto a moving leather apron where a set of reciprocating
scrapers or rubbers condenses it into loosc rovings or “slivers” of
unspun varn. Thesc rovings are woitnd on long Jack spools to be
taken to the spinning department.

‘The rovings at the extreme ends of the cards cannot be used for
spinning purposes because of their lack of uniform thickness. These
are gathered up as card waste, and, together with waste from sub-
sequent operations, returned to the preparing room where the waste
is shredded and added to later batches.

Some cards are designed so that a fine cotton thread may be in-
corporated into the rovings as they are doffed from the card. This
practice vields a stronger roving. )

In the manufacture of ashestos rope and wick, only one card is
used. The rope and wick rovings, which are not subsequently spun,
arc thicker than varn rovings. Hence, one carding operation is suf-
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. Tt
i« necessary to twist or spin these rovings to impart the desired
strength. This spinning may be done either on ring spinning frames
ar on a machine called a mule. Tn the plants ineluded in this study
all the spinning was done by the latter method.  Several 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 fifty 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
gpoolz (2 maximum distance of about fifty T inches) the rovings
are unwound.  The spindles turn slowly s they recede, 1o give a
slight twist to the rovings. When the spindles have reached the
point of greatest recession they are turned very rapidly, and the
varn spun.  When sufficient twisting has heen done, the spindle
carriage moves back again in the divection of the Jack spools, caus-
ing the spun yarn (about fiftv-four inches) to he wound on the
spindles.  The operation ix then repeated until the spindles are
fully wound with single-ply yarn.

The duties of the mule spinner are to remove the spindles from
the mule when thew arc filled. and to tic the broken ends of the
unspun rovings as the spindles recede. This Tast operation requires
constant vigilence, because the rovings are continually breaking.

Subsequent Operations—The spindles from the mules are next
transferred to a spooling or winding machine to rewind the single-
ply yarn on other types of spools.  This is simply a mechanical
transfer of the yarn.
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These spools are next taken to a twisting machine where two or
three of the single-ply threads are twisted into one thread. For
the manufacture of brake lining or packing the yarn 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 abont six inches long.

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

Weaving—\\'caving is done on looms in a similar manner to the
method employed i weaving wool, cotton or silk. In the weaving
of asbestos tape intended for electrical insulation, single-plv varn
with a very low cotton content is used. Most tape looms are con-
structed so that as many as twelve pieces mayv be woven at the
same time. It s the usual practice in weaving ashestos 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 varn is used. Sometimes the varn is reinforced with
metallic wires, generally 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 ix woven on looms in the same manner as tape. As
many as ecight picces may be woven on one loom at the same time.
It may be woven dry or wet. or with the warp impregnated with a
“dope” solution.  Thix solution is generally a suspension of gilsoni‘e
in gasoline 1o which other ingredients may be added.

Final operations in the manulacture of woven textiles consist of
calendering, inspecting and winding of the products. These opera-
tions are all mechanical ones, and require no deseription.

Gasket Making—Onc of the important uses of ashestos cloth is
in the manufacture of ring gaskets. TIn this process, the ashestos
cloth is spread on the floor and impregnated with a solution of rub-
ber in gasoline, to which has been added barytes and other pig-
ments. The rubber-treated ashestos cloth is cut into strips of pre-
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 ashestos yarn on specially designed machines.

OTHER PROCESSES

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, ashestos cements, shingles, lumber, molded
brake lining, and cold molded asbestos articles, generally electrical
fttings and houschold appliances. The fiber used for these purposes
is of short staple. The percentages of ashestos used in these ar-
ticles is indicated in Table II.
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ParTicLE S17FE DETERMINATION

Cooke and Hill (22), in autopsics of ashestos workers, have
found particles in the lungs measuring up to three hundred anq
sixty microns in length. Accordingly, in the determination of the
avefagc particle size of ashestos dust, all fibers, irrespective of
length, were measured.

Methods of Particle Size Determination—\Vithin recent ‘ycar?
three general methods have been used for measuring the }?12%10
particles. One method. a direct one, involves the use of the ilar
micrometer inscrted in - iicroscope tube, measurements being
made by moving the micrometer adjuxtment and reading the vernier
to determine the diameter of the particles. )

The sccond method, an indircct one, was introduced by Green
(55) to determine the size of paint and rubber pigments. It has
since been applied to the measurement oi the average size of in-
dustrial dusts. In this method, an H'l(ln'('c( one, plmtonncrugraphs
of the sample are made on lantern slides, which are then projected
by a stereoptican on a screen al a known magnification. The
images are measured and the average size calculated from these
rei'(\i:i?:ﬁgthe 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 measurcements made.  This latter
method is the one used in the present studv, and will be deseribed
more fully in a later paragraph.

Nature of Asbestos Dust—The du-t encountered in ashestos fah-
ricating plants is non-uniform in nature. Tk seen to consist of
three types: particles more or l(-\:.\' .\‘])h(‘l'l(‘.’l]‘ m shape; clongated
fibers; and cotton fibers. Figure 1 is a photomicrograph of dust pro-

FIGURE 1. PHOTOMICROGRAPH OF DUST
FROM AN ASBESTOS FABRICATING
PLANT. MAGNIFICATION 600 DIAMETERS
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duced when
noted.

Because of the non-uniformity of this type of dust, average par-
ticle size was determined in two dimensons, one at right angles to
the other. Measurements were made of the longest diameters,
which were termed longitudinal diameters, and a second set of

measurements were made at right angles to the first, which were
termed transverse diameters,

Method of Collection—Samples for the determination of particle
size were colleeted by the use of the electric precipitator (30). This
method yielded samples that were satisfactory” for direct micro-
projection and measurement. No intermediate steps for preparing
the sample were necessary,

The precipitator employed was designed on the principle of the
Cottrell precipitator. The ajr was drawn through the precipitating
tube by a small rotary fan driven by a motor, the rate of flow being
measured by a flowmeter. The rate of sampling was one cubic foot
(283 liters) per minute. The precipitating tube was made of Pyrex
glass with an inside dinmeter of 24 cm. A number 1 microscope
cover slip, 22 by 70 mm. in size was placed in the precipitating tube
directly heneath the centrai electrode. The dust in the ajr was
deposited clectrically an this cover slip. When a representative
sample had Dheen precipitated, the cover glass was removed and
mounted dry on a microscope slide. A total of sixteen samples was

collected at various operations., all being taken in the breathing zone
of the workers.

processing mill fiber. The three types can be readily

Measurement—A micro-projection apparatus with the microscope
arranged in a horizontal position was used. Apochromatic objec-
tives. 8 mm. and 2 mm.. and a 10 x compensating evepiece were
cmployed.  This system practically eliminated color fringes, gave a
flat field, furnished maximum light intensity, and permitted the
measurement of the long fihers.

The images were projected on a ground-glass screen at a pre-
determined distance from the microscope. This screen was ruled
in centimeter squares to facilitate m asuring, A transparent rule
was used, and the size of the projected images recorded in milli-
meters.  Accurate focusing on each individual particle before meas-
uring was accomplished by a remote control attached to the fine
adjustment of the microscope by a mechanical sleeve,

Predetermined magnifications of 2000 and 10000 were used. de-
pending on the objective. Mcasurements were made according to
the method suggested by 11. 1.. Green (56). Using the 8 mm. ob-
jective (magnification 2000) the longest diameters of two hundred
particles were measured, all Tengths less than ten millimeters (five
microns) heing neglected. The number of iields examined was also
recorded.  An cqual number of particles was measured using the
2 mm. objective (magnification 10,000), and all particles fifty milli-
meters (five microns) and over were disregarded. Again the num-
ber of fields examined was recorded.  These measurements were
used to calculate the average longitudinal diameter of the sample,
The method of calculation }s shown in Table I1I. For the calcula-
tion of the average transverse diameter the same procedure was

10

followed, with measn
longest dinmeters.

" : SNAMT
FABLE i1 N

Mogtiticaton oo

30 5o

42
43
40 <
47 B
L0 2w
A Uy
o I
o Vo
5 Lo
i
0 "
73 o
75 '
N e
) LI
uh "o
ln“ NIEE
10 R
30 n
1 (s
o P
“;0 =)
1w
175 REREY
10 [LTN]
BIEN i g
210 MDA
2 HI
240 (B
ROV !
R [ THA
370 EAR

Total
Results—Dartick
the dust collected
but no appreciabl
marked difference -
the two general ¢




‘an be readily

average par-
ght angles to
st diameters,
ccond set of
. which were

on of particle
r (30). This
direct micro-
for preparing

inciple of the
precipitating
of flow being
me cubic foot
1de of Pyrex
I microscope
ipitating tube
the air was
cpresentative
removed and
<amples was
reathing zone

1¢ microscope
matic objec-
vepicce were
mges, gave a
wrmitted  the

wioat a pre-
en was ruled
nsparent rule
ded in milli-
hefore meas-
4 to the fine

cre used, de-
according to
1 8 mm. oh-
two hundred
imecters (five
med was also
cd using the
es fifty milli-
ain the num-
cments were
i the sample.
* the calcula-
ocedure was

followed, with measurements heing made at

Jongest diameters,

TABLE 1T - EXAMPLE OF METHOD USED OIN THE

AVERAGE LONGITUDINAL DIAM

Maegnification--200 135 Fichls

fr xn nun

3. 40075
1.39200
0.64642
0,028 20
220500

L6520

SISO

0.030650
oails2s

: (IRl o
K 1.ish
o K.61800 "
42 210 ' Goaath
3 21.5 1 0. !
45 22.5 3 2.
47 %A 1 [}
a0 250 4 3 1
A i | 1.
Ho s~ 9.
[ 1 1. PAvera
(A0 oo .
(i 1, 1.
70 6o [
ke 1 1.2
3 2! 2
~0 2| 2.
s T, B
B [ 1.1
100 1 1.
1o i T
bRl T 1.
120 1 X,
140 2 4.
g o 7.
2.
2.¢
2.

[T 7

Magnitteation -

. t f

right angles to the

CALCULATION OF
2 i

112 Fields

TN

B 0.3 YA N ) ]
4 0.4 37 1.48
5 0.5 iR i 1.00
6 [N T 0.42
7 (L8] 2 0.14
N RS w | R.00

(4

[

It 1 2

” 1.2 4 §.50

i 1.8 | 1.0

I 1.5 n ! 1.65

3 RN [ 24.4

:_’: RIS 2 FREL

N L 2 5.00

4T BT N 7 21.t
UTEALE i o 4 14.00
(I EYE T I (.0 1 4.00
RRINIH i 1.5 1 4.0

Forkat 6 10000

Lengthe of itnnee o mimegers
Lenpth of particie in mietons.

Fregueney

2 x f
L n on®
F fvan E:fixm
e Dianncler - e
Tl - =Eh

1.5 mberons.

Results—Particle size determinations were made on samples of

the dust collected at various stages in the
hut no appreciable variation was found.

marked difference in the average particle d
the two genceral grades of asbestos fiber.

11

process of manufacture
However, there was a
iameter of the dust from

The calculated longi-




IOVINIDYH3Ad

MICRONS

o e g oo @
- N vy _ h U = n % H o
¢
zl muil)
N
d v A\ )
.
w / / M posd
/ / -
° TR =0
4 - d
@ /
2 / Vel
1
- YA
(=] -
D w2
o 7 IV
. /
@
wn
L
@
74
w
g
FIGURE 2. SIZE FREQUENCY CURVES FOR DU ROM -
TICATE SEANTS SHRYINe PRCRRSE LERS TR SRR S8
— ; H — UDINAL
DIAMETER. MILL FIBER: Il -TRANSVERSE DIAMETER. CRUD
AND IV--TRANSVERSE DIAMETER, MILL FIBER € FIBER:

tudinal diameter of the
microns, while that o
diameters were 0.04 1
fiber respectively. T
dred and two microns.

‘The percentage ire
determined for o
shows these values
paper.

The difference in U
amination of Table 1\
ten microns or more
dust occurred within ¢
dust was 0.5 microns
fiber dust fell withm

TARLE IV, SIZY

Size Group it Mieres

1.0-1.0
2.0-2.49 ...

Qh- 2.4

3,050,440
RRUMRL
4.0-4.4v

4.54.0

5.0 and over

P

All samples were
Smith impinger (27
hol as the cullecting
the method descril
were counted rega
greatest diameter &
the total. The du
in Table V.



tudinal diameter of the dust from crud
w D> o

diameters werc 0.69 microns and 0.45

fiber respectively.
dred and two microns.

‘The percentage frequencies of the

chows these values plotted on Haz

paper.

ten microns or more in length, while

fiber dust fell within this range.

TABLE IV,

/ \ e — E

Size Group in Microns -

Crude Fi

" Longitudinal

tinder 049 ..

05009 cama-----

5.0 und over ...

Dust CONCENTRATIONS

ol as the collecting medium.
the method deseribed in Part T of 1
were counted regardless of size.

the total.
in Table V.

microns, while that of mill fiber was

The longest fiber observe

The difference in the two iypes of du
amination of Table IV. Three per cent

] ; dust occurred within these limits. Twenty pc
dust was 0.5 microns or less in length, while only 16%

All samples were collected by the m
Smith impinger (58) using ninety-five per cent U. s 1
Dust counts were made according to

,reatest diameter averaged approximately
The dust counts for the different operations are shown

1.35 microns,

¢ fiber was found to he 2.12

Transverse

microns for crude and mill
d measured four hun-

various-sized particles were

determined for longitudinal and transverse dimensions.

en's Jogarithmic

her l
|

Transverse !’l.nnglln-limll

HIRUA

RN RE

In TieE PLANTS

his report (41).

44.9%

Figure 2
probability

st is further shown by ex-
of the crude fiber dust was
only 1.7% of the mill fiber
r cent of the mill fiber

of the crude

SIZE FREQUENCY DISTRIBUTION OF ASBESTOS DUST

Mill FFiber,

Jransverse

78.4%

odificd form of the Greenburg-

> ethyl alco-

All particles

Particles less than ten microns n
nincty-seven per cent of

o mnav oy

e Beew o

ol i/




et

des

The relative

~

the four asbesto- faln

- = - - 5 = =" T LT b=l o=z AR A
T = = : z T - - -2y LTz =TS wa =~ - =
- = z < . - - = S i = i ! = = = L . ==
A - o = S R = -z . ==,z zE =22
z = - H g z : = L= 7 2 z=7 = i TLizxYE% 2
= I < < = = < - H —_— oL = . o —_ - .
= = - B 2 =z =z = , == L = - 2.5 = L T . T ==
= = - = . ¥ T 2 - - = - = =4 = T ¥ L.z =
= = - L w L= o = LT = O . = s 2= = [
= v - = z 2 il S =R ] - T I T T~ =k ="
=x = z z Z x2 v L 7o =Lz x> o0 28
7= - Z - 2. &S =2 Y=o 2w, w2z Wmo=Z T 228 PR
] = = Zz ML T oL S rifSE mZTSZ o 28 e
S B - ol A . = = — =
. L= ~ z T = =T = = e © = = . =z
- &2 = © == S v —T g X — Ds):m.\”.m...l).l.hﬂn.\a
== = _.,lh_u._u..(' WW.O\.\"CU“U“U [T wmm\thltnC\r
Hoo = = ' Ex Ee L2l o vz ENG YTy
- s w3y 1‘1](.Hrt¢mca§0p“n\01 Inpunb
= ' a s — EUR-a.s . = by
‘3 e E e PEEZTEs LY ERe—~0E XTZIow
— . P =R -SSR~ i VR T =
-~ "= _P_\_T i [olg= -—
N

The

dust

the type of fiber u-

Ot

posed to a concenty
In the mixing

10.6 when a mixtin

mixing picker.

the degree

Auppreay

xS oy

4% Jo "1} 'nd sodwmeys 18 Jo 1)
dod sopnInd
jo suolii ! Joquny

Y \ h: {TTRY: FYXY
Gl lem—daen Supy sdug, Junensuf Fugaveyy

d9qtg epnia?) —10yaL ] Jaixyyg
) . ) T daQid epPIU ) —-dousl( [[807] —0d8y

g
Buipaa g

PN A O T ud sopduiney
FICi RTINS T Y | jo
JO SUOLIIC ¢ Jaquiny

jo

dad sotrra8d

jo
Jo SUOLIIK | daquiny

Joquiny

a jusid

—_— e uopyudnad()

~ 2 e TR _ v aurpg

Hupdian gy
ISINT,
Al

o S o - B o ) T Bugng yauy § Sugpeagy
ot Z . RPN , L R T supoed yous [ AuipyBay
L [ Vel oo~ . _ o o T Bupyosd youy t Suppeay
_ — o R T A A PTEVT - 119 uEE._c.m. o .
£6 ( - - e = - ot e e e o
e o B B _ -~ _ N TTTT Ruis pue «dol Jujuuog AL puu oy
..... e R - : TTTTTT swRraq dduw UO daus u::.::.‘l B y
o o ! H .w oo . Tttt wieS S(d-ood3—3uipugay Ii..||u
. . 1 . ) , i TTTTowes fid-omy—Aaipui g (3uioody) A
—_— il e ,I: o I - wes Sd-o(dus—3ugy
._ o u Pty ¢ opedd wop) uief soqy _:Zlu:._:|:_ﬂv|" |.||
. i . . ) 1FY: T ) RS Joqy (i —3ujuujdy
e . _l b o peld gdg) wrs Joqy dpa)—-Auuuydy Sunaunds IR
o o o | ke swooy Fmw .y |
o m o Sy e N o T YO sued (Y Sap-daga Kap) (o) ugan I\
. “ . IS : TTTTTTTTTTTT O Mdp—diagsa sup) 4101y Supan gy
e ; ) N (N Jom—diBs 19w) Sulull vyBIgy BUfrvo gy
L SER? A ) s TTTUY _.wslr..:n: Ldpr) AURUYE 0B AQIARI AL
—- . . B w. ..... (Y sap—dsew Sap) Jugu] oqudyg Augaso gy
L o B X 1y me.slc.:..k 9m) odu], Sunesuy Jupsvayy
[y Ap—davn K1 wdu [ Sugrmsuy

Jugpeaey

uoneedas g

Juoutrrdo(

SLXVId ONLLVOIHH VA SOLSHHSY N1 SNOLLVYLNAINOD LSAd 40 AHYHNNIS "\ 4714V.L



£ 1 ineh ps

®
£
T
&
-
x
=
r

| Winding warp on warp beoaine

Wik

®
n

RBraiding

PTwistibyg
Warping

Wind:ine

The relative degree of dustiness in the various departments of
the four asbestos fabricating plants survey ed is indicated in Table
V1. This summary of the average concentrations from the different
plants has been prepared from the data contained in Table V.

FABLE VI RELATIVE DUST CONCENTRATIONS IN DEPARTMENTS OF
ARRESTOR PLANTS )

Canventration-- Milllons of
Particles per Cubic Foot of Alr
Ninher
Department of e -
Samples i
¢ Minimum _ Maximum ! Average

|
Preparation and CArding oo s 0 0.6 123.3 | 44.20
|
Weavipg atei Mule Spinning .o 1 1.9 74.2 16.87
Puisting, Winding, Rope and Wick, DBraiding.
- el 0.3 RINH 4.64

Gasket, oo, i

—_——e

It will be scen that the highest dust concentration occurs in the
preparing room, where the ashestos receives its preliminary treat-
ment. The lowest concentration is associated with the making of
ring gaskets.  The figures given in Table V1 while showing the
relative dustiness, do not explain fully the conditions in cach de-
partment.  The concentration of the dust in the successive phases
of the process varies, depending on the tvpe of fiber used and the
method of manufacture.  Tn order to explain these variations, it is
pecessary to discuss separately, conditions enconntered in the sev-
eral operations. The figures given in the following paragraphs rep-
resent the concentration of dust in millions of particles per cubie
foot of air.

Preparation—The dust in the preparing rooms is practically all
due to pure ashestos, no cotton having vet been added. The de-
gree of dustiness depends primarily on the type of fiber used. Thus,
it was found in plant Bothat when mill hher was fed into the Saco-
Lowell opener, the average count wax 119.4. as compared to a con-
centration of 33.2 when the longer-staple crude fiber was treated
jn exactly the same way.

In plant D one of the operations imolved the sereening of short-
Jength mili fiber without first passing it through a Saco-Lowell
opener. The employve engaged in feeding the material onto the
cereen was found to he exposed to a concentration of 65.7. A sec-
ond workman. whose duty was to ill burlap bags with the screened
fiber after it had been removed from the shaker by suction, was ex-
posed to a concentration of 96.1. )

In the mixing room, where the cotton and ashestos are blended,
the degree of dustiness was again found to depend primarily on
the type of fiber used. For example, the concentration of dust was
10.6 when a mixture of cotton and mill hber was being fed 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 difference in the total dust count in the
carding operation as the result of using different grades of asbestos
will again be seen. When the crude fiber mixture is being carded
for the manufacture of electrical insulating tape, a 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
fiber. The concentrations of the dust when mill fiber was being
carded were 234, 24.3, 20.8, and 80.0. The samples were collected
in card rooms of various plants.

Occasionally the loose web of asbestos and cotton, as it emerges
from the breaker card and passes over the camel-back, becomes
broken. Tt 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 onc-half hour per day. Tt was found in one plant that the
emplovee was exposed to a 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 rolls. This is done hy scraping them with a hand-card.
which is a brush covered with strips of card cloth. The cylinders
are slowly turned by hand at the same time. The dust concentra-
tion during thiz operation was 5.5, Sometimes the rolls are cleaned
while they are being turned at the customary carding speed.  The
emploves 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 principally upon the following: (1) quality of the
warp and fill being used; (2) whether weaving is done drv 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 uperations the warp was dry and the fill wet.

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

The effect of ventilation is shown in the weaving of cloth in plant
D. TIn this plant, ordinary electric {:.us were located just back of
the weavers, so that dust generated in the process would be 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 9.9. 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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The looms in time accumulate a great deal of lint. 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 one-half hour per week.
During this operation the dust concentration was 7-+.1.

Spinning—The concentration of dust in the mule spinning room
depends on the type of asbestos fiber usced in the making of the
yarn. A count of 21 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 of 5.5. The
dust associated with the spinning of commercial grade yarn, the
cheapest grade made, 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 that this con-
centration is due to mule spinning alone.

Other Operations—The minor mechanical vperations necessary in
the production of asbestos textiles have relatively small concentra-
tions of dust associated with them. In thé winding operation in
plant A this was found to be 80. Again, this number cannot all be
ascribed to winding because of the fact that all operations were
performed in the same room. In plant B, in the twisting room. a
figure of 2.4 was found associated with twisting two-ply yarn. This
figure increased to 40 when yarn was twisted three-ply.

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

Dust CoNCENTRATIONS 1IN OTiirR PROCESSES

In addition to the fabrication of asbestos textiles, one of the
plants manufactured other products in which the amount of ashestos
was considerably less than the amount used in textiles.  These
products included 85% magnesia insulation, maolded brake hining,
ashestos cements, shingles, lumber, and tile. One plant made as-
pestos paper which contains ninety-five per cent ol short-staple mill
fiber. Determinations of the dust concentrations were made at
come of these operations. The results are shown in Table VI

OtHER PoTENTIAL TIAZARDS

This survey was concerned only with the hazard caused by asbes-
tos dust. but other materials that must e 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 Iumber and tile. additional potential hazards
are lacquer solvents and sand from the grinding and polishing op-

erations.
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TABLE VII.

DUSsT

Department
Operation
Paper Mill Crushing asbestos  (mill fibery ... ...
Baggling asbestox (mill fiber) ___..
Suwing “oir el pipe covering oo
Khingle plant Sawing asbestos Jumber oo o ...
Sunding usbestos homber aad tile
Girooving bathreonn tHe .
Dusting tite (paint spray booth) .
Magnesin Filllngr bavrels with nigiesis .
(15¢0 Shoveling mnguesin on pile . .

asbestos)

Clutch
Faclng

Dutgping barrels into amiser |
Cleaning pipe anoblds oo o0 L.
Feeding insulation into trimmer ...

Removing insulation fiome teimmer
Crushing and bagging serap .o

cSkinning™ facings

Grinding ushestos pn]nw:.rlnl(-h f‘.‘l(‘i‘h;.'\-

brilling paper eluteh facings
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ASBESTOSIS—PART II1.—The Effects of Exposure to Dust

Encountered in Asbestos Fabricating Plants on the Health

of a Group of Workers. '

Complete physical examinations were made of <ixty-fonr persons
(48 men. 16 women) employed at the time in” the plants listed in
Part 11 of thix report. Of this number seven men without previous
exposure were used as controls. Selection of the workers was re-
stricted 1o those employed o textile manufacture. Those workers
longest employed were chosen beeause the necessity of including
a sufficient number from this group is evidente \tiention was also
paid to the group with exposures of <horter duration and to the
particular operation at which the worker was emploved.  Table
VIIT shows their age distribution.

TABLE VIHL. DISTRIBUTION BY AGE OF ALY PERSONS ENAMINED

Nt e Ve tivonp

Nuanher of
Group . Persons - -
I xanined !
Uit 2 N e Rt s and over

Controls e e eeel T | b4 R 1 ' 3

Asbestosis Lo Lo 14 . n I . 1

U . \
Negative o0 L I Va v ] H 2

Totals o ... oo Loieiiie- O 16 B i 4 6

Ashestosis was found in fourteen persons (12 men, 2 women).
or 25 per cent of the exposed gronp. Forty persons awere diagnosed
as negative and the remaining three doubinul. Of the latter group,
one individual had previous exposure to sifica dust which may have
heen the primary or contributing cause and. s o resulty has been
climinated from any further consideration. The cases Tanving as
hestosis were divided into those having slight and moderate pul-
monary librosis, no advanced cases havine heen found, The est-
mation of the degree of involvment depended on the amount and
extent of fibrosiz ~cen roentgenologically and e the clinical find-
ings.

The present. past. and family medical. and previous occupational
histories were secured from each worker.  Phrect guestions, which
might influence the individual’s rephies i regard to his subjective
symptoms, were avoided in obtaining chicl complaints. The pre-
dominating subjective symptoms in the positive group were cough
and dyspnea.  Other major subjective svinptoms were dry throat
and frequent colds. One individual in this group had no subjective
symptoms.
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Objectively, the major symptoms were again cough and dyspnea.
Thirteen persons of those diagnosed positive for asbestosis com-
plained of cough, and eight of dyspnea. Other frequently elicited
objective symptoms were frequent colds, palpatation, weakness.
precordial pain, and pharyngeal dryness. No objective symptoms
could he obtained from one individual in the positive group.

Occurrence of acute respiratory infections \was particularly ob-
served in the past medical history. Frequent coryza or other upper
air-passage infections which did not result in a loss of time of three
or more working days, were listed as objective symptoms. Pneu-
monia during the course of cmployment oceurred 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 diagnosed 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
asbestosis, also had negative family histories.

Physical examinations were made with the workers stripped to
the waist. Mean variations in the present and greatest weight were
less in the ashestosis group than in the group diagnosed as nega-
tive and in the controls.  Five-minute oral temperatures showed
a maximum elevation of 0.5°C. Fonr persons having ashestosis had
an clevation of temperature and eleven in the negative group showed
it. Elevation of body temperature in the control 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 few 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. Tn the positive group the respiratory
murmur and vocal resonance were impaired in five cases, Crepitant.
suberepitant, sibilant, and sonorous rales occurred in nine of the
ashestosis cases, the two latter types being predominant.

The recognition of cyanosis presented a 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, stercoscopic ini rior-posterior and oblique
skingrams of the chest. Tn addition to noting gross chest pathology.,
the movement of the diaphragm was measured in centimeters dur-
ing the fluoroscopic examination. Right and left oblique exposures
of the chest aided in the interpretation of the films and particularly
in the detection of thickened pleura.  The hila, trunk. and lung
markings of the fibrotic lungs were increased in prominence. In
some films the lung ficlds showed a slight tendency toward beading
and nodulation. A small arca in the distal third of the lung in one
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TOMICROGRAPH OF
IGURE daobv " NolAGNIFICATION 600

F
DY.
ASBESTOS BO DIAMETERS

The greater percentage of sputum sp(‘-cimcns were of a \\‘.h\}lsh
color. but a few were muco-purulent.  The ashestos bodies w mle a
pale vellowish brown color and varied in size, shape, and num )clr.
The largest asbestos body found measured 117 microns m fength.
The bodies occurred singly, clumped. and as fragments. 'W'hen
present singly or in clumps, they presented a bead-like appm'rance'
or a dumb-bell shape, with bulbous ends tapering into a nd]rro“
strand at a position midway between the ends. Figure 3 is a photo-
micrograph of a single asbestos body. In one specimen an a}’.erage
of two or three ashestos bodies or fragments of hodies were seen 1
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cach low-power ficld, while in others, only one or two bodies were
found in the entire specimen. “Table IN gives the occurrence of
ashestos badies in a single specimen from cach person.  Merewether
(74) reports that the presence of ashestos bodies cannot be taken
at present as indicating anything more than previous exposure to
asbestos dust. Thix is in accord with our findings for it will be
noted that they were found in a specimen obtained from one of the
controls who at the time was suffering from an acute hronchitis,
productive of & muco-purulent sputum. This worker had been em-
ployed as a packer foreman in the magnesia department for fifty
vearse s andy exposure 1o ashestos dust was @ rare visit to other
parts of the plant.

FAVLE IND OCCURRENY O OF  ASBERTON BODIIN IN SPUTUN

Pereenteowe

Nutnher
Based on Total Based on
Group Numher of Persons Specimons Exantined
1
ARNFYRN Newn Core Ashies Newa. Con- Asbes. Nepa- Con-
Lo v tre! tos s tive traj tasis tive trol
\
Asbestos Bodies prcsent h in 1 e RANN 143 ANl 7.6 0.0
Ashestos Bodies abeem 0 n i T 2.2 42, il IR
1
Noo Spoeinens & -l n 19.4 S0 12~ I
Totak ... . ...+ 1N 1”2 T

A single sputum specimen obtained  from cach individual wax
stained and examined for the presence of B, tuberculosis. Both
direct smears and centrifuged antiforminized specimens were found
to be negative,

Clinical examination of the heart showed the apical impulse to
be displaced in o few cases. Apical svstolic murmurs were heard in
five of the positive and two of the negative groups.  The blood
pressure was determined with a standard mercury sphygmonano-
meter.  Hypertension, although present in a few cases in each
group, occurred only in the older workers.  Roentgenological evi-
dence of enlargement of the heart was not found.  However, the
cardiac silhouctte in two individuais having ashestosis was found
to be top normal in xize.

Electrocardiograms of fiftv-six of the workers were made foliow-
ing a thirty-minute rest period during which the subicet was in a
reclining position, while c¢ieht were taken with the subject in a sit-
ting position following a short rest period. The most consistently
positive electro-cardiographic finding in the entire group was Jow
voltage. Tt was found to be present in seven of the positive and
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eighteen of the negative groups. compared with Tour of the con-
trols.  Right predominance was not present in the tracings of the
control group, but did occur in two tracings of individuals with
ashestosis and three of the negative group.  Left predominance was
most frequently found in the tracings oi individuals i the ad-
vanced age groups. Katz and Slater (62) found ertghty-six per cent
of individuals with a second positive wave of the O-R-S complex to
have changes in the heart muscle.  Our findings show that six of
the exposed group had a second positive wave of the ()-R-S com-
plex; two of these had ashestosis, and four were negative, as com-
pared with an absence of this finding in the control group.  The
P-R interval was increased in the tracings of two exposed per-
sons found to be negative.

A functional test of the individual's vesponse to effort was per-
formed by having him place one foot on a chair and then raise his
body twenty-five times in thirty sceconds. The pulse rate was de-
termined immediately before and after exercise. and again at the
end of a two-minute rest period. The respivitory rate was deter-
mined immediately hefore and two minutes after the exercise test.
Table N gives the results of the functional test. Greater variations
were seen in thie rate of respiration following exercise in the ex-
posed group ax compared with the controls thun were seen n the
pulse rate, Individuals with @ pulse vate of 10 above the normal
resting Fate, two minutes after exercise, were considered abnormal,

TABLE N

FUNCTIONNL CUEST OF RESPONSE Ta0 PR PO

Resparation ®

Group - — e — —

Numher Pereentam Numher Pereentage

CONTROLS
Male L. i e .. - On 6

Female

NGV
Mule . e . o 1~ [ [k

Fewnh o 0 ool oo

AXRPENTOSIN
M . 1 s ~ [N

Fewale e e e i - R 1 S0

1 Patse rate 10 gbove normai resting rate two ninnutes alier excreise.
2 Respiratory rate 2 phove horea] resting rate Ivooaoiniles atter enereise,

Ashestos warts are thought to he produced by o fiber of ashestos
which has become lodged in the skin, Targely through the irritation
and overgrowth of the horny and malphighian strata (27). These
growths are usually found on the handx but may alzo develop on
the feet. Forty per cent of the exposed group had one or more of
these papillomas on their hands,
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Routine blood counts and urinalyses were made on cach individ-
ual examined.  Haemoglobin was™ determined by the Haden and
Hausser colorimetric methad and expressed as grams of hacemo-
globin per 100 cc. of blood.  Smears for differential counts were
stained with Wright's stain and 200 cells studied microscopically
using a 2 n. oil immersion objective. Practically no change was
observed in the blood picture of the three groups. Comparable
average variations did not occur in either the erythrocyte or leuco-
cvte count. I two individuals with moderately advanced pul-
monary fibrosis, the total lencoeyte counts were 10,800 and 11,400
with corresponding increases i the percentages of polymorpho-
nuclear leucoeytes. Changes in the percentages of other types of
white cells were not observed.

Urine specimens were collected from cach worker at the time of
physical examination.  Specific gravity, albumin content, and the
presence of sugar were determined and a microscopic examination
made of a centrifoged portion. Urinalyses were essentially negative
except for a trace of albumin in four of the positive and thirteen of
the negative exposed groups. as compared with two of the controls.

A Driel summary of the clinical findings of three asbestos mill
workers and the accompanying ilustrations (Figures 4 to 7 inc.
are presented to show the two stages of ashestosis encountered in
this study.

Case number A-8730—\Vhite male: aged 30 vears.
Chief complaints—Cough,

Objective symptoms- -Occasivnal frontal headache (2) Epistaxis rare (3) Dry
unproductive cough (4) Coughing attacks precipitated by strenuous excr-
cise,

Past Medical History--Usual childhood discases, Traumatic orchitis, 1934.

Occupational History—DBegan working at 16 years of age. Milkman, 2 vears.
Mule spinner, worsted mill, 2 years.  Ice man, 1 vear. Mule spinner, as-
hestos fabricating plant, Y years.

Physical  Examination —Apparently healthy adult male.  Height 62 inches.
Weight 122 pounds (greatest weight 122 pounds). Skin clear. No cvanosis,
Ashestos warts on both hands.  Pulse rate hefore, immediately after, and
two minates after exercise, 84, 100, 72, Respiration rate immediately be-
fore and two minutes after exercise, 20, 22, Chest, normal shape; per-
cussion normal; breath and voice sounds normal; sibilant and sonorous
rales buth bases. Heart, apical impulse, 5th interspace mid-clavicular line:
no murmurs, Blood pressure 134790,

Fluoroscopy—Diaphragmatic movement, right dome, 2.5 cnn.; left dome, 1.5 cm.

X-Ray—Thoracic cage is negative, The trachea is in the midline. The cardiac
silhouctte is within normal Hmits of size.  The arch of the aorta is not
widened.  “The domes of the diaphragm arc somewhat irregular on the left
side but fairly irregular on the right. The pleura appears to be slightly
thickened on the left side, and is more clearly shown in the oblique view.
In the right apex there is possibly an old healed tuberculous process giving
the ‘appearance of an apical cap. The hila are increased in promincence.
The trunk markings and linear markings are increased in prominence,
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FIGURE 4. CASE NUMBER A8730.

FIGURE 5. CASE NUMBER 447.
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Diagnosis—Asbestosis, shight,

Case Number 47— White male: aged 47 years.

Chief Complaints-- (1} Cough: (2) Shortness of breath,

Oceupational History Farmer antil 29 years ol age.

years,

Electrocardiogram—-Cardiae rate 72. P-R interval 0.10 sccond.  Voltage 4 mm.

’ Past Medical History—Usual childhoud diseases.  Gonorrhea. 1922,

Laborer steel works,

2 years, Laborar arma mill, 1 oaear, Preparativn room: ashestos mill, 15

Weight 120 pounds (greatest weight 123 pounds).
No ashestos warts,
cussion normal: respiratory murnme within normal

26

no murmurs.  Pulse rate hefore, immediately after,

FIGURE 7. ELECTROCARDIOGRAPHIC TRACING OF CASE
NUMBER 447

Physival Examination General appearance Tair, - Skin clear. Height 59 inches.

No clubbing of fingers.

Nail heds not evanotic,  Chest, normal shape; per-

limits; vocal resonance

unaltered : sibilant and sonorous rales.  Heart, no apparent cenlargement;
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functional excrcise test, 70, 118, 76. Respiration rate hefore and two min-
utes after functional excrcise test, 14, 18 Blood pressure 134/90.
Fluoroscopy—Diaphragmatic excursion; right dome, 1.7 cm.; left dome, 2.5 em.
X-Ray——The thoracic cage is negative. The trachea is in the mid-line. The
cardiac silhouctte is within normal limits.  The domes of the diaphragm
are regular. The hila and trunk markings are increased in prominence.
The lung markings are also increased i prominence,

Electrocardiogram—Cardiac rate 60. P-R interval 0.16 second. Voltage 3.5
mm. Low voltage of all Q-R-S complexes.

Diagnosis—Asbestosis, mod-rate

TABRLYE X1. INCIDENCE AKND PEGREE OF ASRERTOSIS WETTHE RELATION TO
OCCUPATION, DUST CONCENTRATION, AND Y EARS OF EXPOSURE
] = | e
. Average | i
Concen- - |
! tration ‘
Oceupation Millions !

Acsbestorsis

of
particles
per eubie
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Total
Number
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| '
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The principal factors now thought to determine incidence and
degree of the pneumonoconioses are natuve 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. Obviously the examination of
such a relatively small group prevents the formation of definite con-
clusions as to the influence of these factors. Nor js it possible from
our findings to establish the maximum safe concentration of asbes-
tos dust in the air. However, the results of this investigation show
the nccessity of a reduction of the dust concentrations in those
operations, shown in Part 17 of this study, where there is continuous
exposure to high concentrations,

Suaraary

(1). The concentration of dust in ashestos fabricating plants de-
pends primarily on the grade of ashestos: mill fiber gives rise to a
higher concentration than crude fiber, Operations arranged in de-
creasing concentration of dust are preparing. carding, weaving. spin-
ning. twisting, winding, and warping.

(23 The average particle size of ashestos dust 18 stated in two
diameters, longitudinal and transverse,

(3). Petrographic analvses of dust encountered in ashestos fabri-
cating plants collected in" the workers’ breathing zone shows it to
contain no free silica,

($). Fourteen, or 2597 of fiftv-six workers employed in the tex-
tile departments of ashestos fabricating plants in Pennsylvania had
hoth clinical and roentgenological evidence of asbestosis,

ACKNOWLEDGMENTS

The Department of Labor and Industry of the Commonwealth of
Pennsylvania wishes to thank the management and emploves of
the plants studicd for their cooperation and interest which made
the success of this study possible: Dr. H. K. Pancoast and Dr. F. P.
Pendergrass of the University of Pennsvlvania, whose interpreta-
tions of the films have been used; Dr. G. W, Grier of the University
of Pittshurgh. for his interpretation, assistance, and advice in the
roentgenological study; Dr. J. Evans Scheehle, Secretary of the
Pennsylvania Department of Welfare, in extending {0 the Depart-
ment of Labor and Tndustry the facilities of his department; Dr.
C. A. Laubach, roentgenologist and cardiologist of the Norristown
State TTospital, for doing a larec majority of the N-rav work, and
his technicians for the routine laboratory examinations: Dr. 1. D.
Heard and Dr. A B. Fuller of the University of Pittshurgh, and
Dr. C.oCoWolferth of the Unives Aty of Pennsylvania, for their as-
sistance and interpretation of the cardiograms.

BirLiocrary
1. Amnante. Hyg. du trav, 1:191-192, 1930.

2. Andersm, TV and Clark, G. T, Application of N-ravs in
the Classification of Fibrous Silicate Minerals Commonl\"
Termed Ashestos. Tnd. and Eng. Chem., 21:924-933. 1924,

28

3. Auribanh:

dans les

trav. p

4. DBaa:ler. ]-
med. We

5. Beger. TN
Areh. 2
(). ]’)(';;t'l‘. 1 1
230 330,

7. Jeoer, .
Med, KNG
T Ind !

oc

peintker,
hehy g,

9. Beimntker,

10317 0
10, Bowles, (1
s
11, Brdge,
of Fuact

don, 1%

12, Bromley.
_A'D
Ashe~t
Ridhed

1934,

13, Battner-\
{a~hest
Mmuss-,
M. Culkell I
tica. N
Dept e
15. Clynes:
]() (Vuul\(' A
Asheat
17 Cooke, \
18 Cooke,
1028
19, Coake N\
JATA NS
“hatr
Hye
200 Cooke. \

Tung-

1931,




mceentration of
ns examined in
examination of
of defintte con-
t possihie from
atton of ashes-
~tivation show
tions i those
¢ is continuous

tine plants de-
Lives rise to a
rranged in de-
weaving, spin-

~tated in two

a-hestos fabri-
e <hows it to

wedm the tey .
m~vivania had

Nt

monwenlth of
Femploves of
t which made
aned Dyl 300 T
~eointerpreta-
the Universty
advice in the
Terary of the
o the Depart-
partiment ;. Dy,
e Norristown
“av work, and
m~: Dro 1. D,
tt-hurgh, and
Cor thenr us-

1ol N-ravs in
i~ Commonlv

124.033, 1929,

3 Auribault: Notes sur I'hygiéne et la sécurit¢ des ouvriers

dans les filaturcs et tissages d'amiante. Bull. de Plnsp. du

rav., p. 120-132, 1906.

4. Baader, E. W.: Asbestose mit Warzenhildung,  Minchen

med. Wehnschr., 79:83. 1932
& RBeger, ' 1.+ Ueber die Ashestosis  Korperchen, Vireh
Arch., 200:280-353, 1933,
6. Beger, P. I1.: More on Ashestosis Bodies.  Vireh. Arch., 293:
530-539, 1934, Abstr.. J. Ind. Hyg, 17:32, 1935,
7. Beger, P. 1.: Injurious F.ooiors in Ashestosis and Silicosis,
Med. Klin., Sept. 14, 1934, p. 1258-1261; 1922-1927. Abstr..
J. Ind. Hyg., 17:32, 1935.
& TBeintker, E.:  Asbestosis.  Arch, f. Gewerhepath, u. Gewer-
behyg., 2:345-358, 1931.
9. Beintker, E.: Asbestosis Bodies. Vireh. Arch., 203: 527-529,
1934, Abstr., J. Ind. Hyg., 17:33. 1935
10. Bowles, Oliver: Asbestos—Domestic and Forcign Deposits,
U. S. Bur. Mines Inf. Circ. No. 6790, June, 1934,
11. Bridge, J. C.: Asbestosis. Tn: Arn Rep. of the Chief Tnsp.
of Fact. for the Year 1928 p. 95 11 M. Stat. Off. Ton-
don, 1929.
12, Bromley, J. ., Wood, W. B IEHman. o Pnemnonoconiosis
A Discussion. Part I—Silicosis; Part 11---Pulmonary
Ashestosis,  Part TTI—Pulmonary  Ashestosis, Brit. T
Radiol., p. 262-295, 193+ Abstr.. ] Tnd. Hye. 16:1023,
1934.
13 Buttner-Wobst, Wooand Frithtzsch, ¢ e Beretlachslunge
(ashestosix) und was der deutsehe Artz von ihr wissen
mu<s. Tuberkulose, 11:11-14, 1931
14, Cirkel, Fritz: Chrvsotile Ashestoss Ts Occnrvence, Foaploita
tion, Milling and Uses. Mines Branch Bull. 69, Canada
Dep't of Mines, 19010.
15, Clvnes:  Ashestosis and Niticosis, Brit. Med ] 1:379. 1931

16, Cooke. W, T Fibrosis of the T doe to Tuhalation of
Achestos Dust. Brit. Medo J. 200470 19240

17, Cooke, W. ¥.: Asbestosiz. Brit. Medo T 2:1024-1025, 1927,

18 Cooke. W. E.: Pulmonary Asbestosiz. Brit. Med. 1., 2:585,
1928.

19, Cooke, W. To: Asbestox Dust and Curions Bodies Found in
Pulmonary  Asbestosis.  Brit. Med. [ 2:578-580. 1929
Abstr., 1. Am. Med. Assn, 05:1431, 1930.  Abstr, I. Ind.
Hyvg., 12:34, 1930.

20. Cooke. W. E.: Ashestos Dust and Ashestosis Bodies from
Lungs of Asbestos Workers. . State Med., 39:544-548,
1931.

29

'

hJ

PR W N T L SR




é

I’
X

v,

N ek e« A shs D8 1 WS oe oo BAMGSN AN Y Y - o

22.

23.

24.

25,

20.

27.

28

29,

3o.

31.

3R.
39.

21.

Cooke, W, 12, Silico-Anthracosis Presenting Curious Bodies

Similar to Those in Asbestosis.  Brit, Med. J., 1:656-657.
1932,

Cooke, W, I and Hill. C. F.: Pneumokoniosis due to As-
hestos Dust, 1. Roy. Mier. Soc,, 47 :232, 1927.

Cooke, \V. 12 and Hill, C. F.: Pneumokoniosis Caused by
Asbestos Dust. Brit. Med, J.. 1:890, 1927.

Cooke, W T2 MaeDonald, S, Oliver T Strange Bodies
Found in Ashestos Workers, Lancet. 2:136-137,192¢.

Cooke, W, 12, and 11, C. T

Further Observations on Pul-
monary Ashestoss,

with Special Reference 1o Asbestos

Dust and Curious Bodies found in the Lungs. J. Roy.
Micer. Soe., 50:13-19, 1030,

Davis, . Salmaonsen, T2 ML, Earlvwine, J. L.: The Pneu-

monokonioses (Silicosis), Bibliography ‘and Laws. Ind.
Medicine Tne (hicago, 1934,

Dewirtz, AU Po Warts from Mineral Substances.  Roussky

Vestniek Dern, 1:243-247, March, 1930. Abstr, 10 Ind.
Hyel 130125 1031,

Dherso A Amiante et ashestose pulmonaire.  La med. du
tran 200471720 1872200, 1930, Abstr., J. Ind. Hyg., 13:49,
1931,

Donnelly, T Palmonary Ashestosis, Am, 1. Tub. Health.
2312751281, 1930,

Drinker, 1 Miternating Current Precipitators for Sanitary
Air Analysis, ] Ind. Hyg., 14:364-370, 1932,

Drinker. ' The Sigze Frequeney and Tdentification of Cer
tain Phagocvtosed Dusts, I Ind Nyg., 7:305-316, 1925,
Effcct of Asbhestos Dust on Workers” Health in Ac<hestos
Minces and Factories. Labour Gaz., 12:761-762, 1911-1012.

Ottawa.

Ellman. o Repeort on Cases of Pulmonary Ashestosis. Proc.

Roy. Soc. Med., 242326, 541, 699, 1930.103]

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

Ellman. 1. Pubmonary Ashestosis, Lancet, Feb. 4, 1933.
p. 2532-253. Abstr., I Ind. Hyg.. 15:43, 1933

Ellman, 1 Pulmonary A 0 Ges Clinical. Radiological
and Pathological Features and Associated Risk of Tuber-
culosis Tnfection. I Ind. Yvg, 15:165-183, 1933,

Fahr, T.: Ashest-pneamokoniose. Aertzl. Verein. March 3.
1914, Tlamburg,

Fahro To0 Adestonis, KNlin. Wehnsehr., 11114, 1932,

Feill Al Ashestosic in Ashestos Workers: Professional As-
hestosis, Pressd .\](‘(]., 3().'103]. ]872-]874

30

40. Feuerstack:
veolen be
schrift, I

41. Fulton, W,
Asbestos
bestoz Ih
try, 1934

42 Gardner, 1.
mental |
Dust; 1t

J. Indo |l
43, Gerbis, il
f.1mn. N
44, Gerbis, Ho
med. W\
45, Goermun W
1932

46, Glovne, S,
Asbestos
47. Glovne, .
. Refercic
1930,
48 (;It,)‘ll(‘_ \
in Sput
1931.
49, Glovne, &
12:300-4
50, Gloyne. .
Case o!
1. Gloyne, =
52, Glovne, >
Tung.
53, Gloyne, >
Tuberc
Hypo ol
54 Godon, |
639, 11

55. Green, 11
f1on ol
Frank!

56. Green. H
Numtn
Hyyp

5

57, Taddow,
Brit )




g Curious Bodies
led. J., 1:636-657,

nos=i= due to As-

1027,

niusis Caused by
Strange Bodies

130-137, 1920,

crvations on Pul-
ncee to Acshestos
lamgs. J. Roy.

. 1..: The Pneu-
and Taws.  Ind.

tmees. Roussky

Abstr, 1. Ind.

re. La med. duy

Ind. Hyg., 13:49,
1. Pub. Health,
“ors for Sanitarv
132, ’

thcation of Cer-
T-303-310, 1025,

Mthin Ashestos
1-7020 191141912,
Vahiestasis, Proe.,

actice. Tondon,

b, 4. 1933,
33,

.(‘ill. Radiological
RSk oof Tuber-
31933

Jeren. ,\Iarch 3,

1114, 1932,

I ofessional As-

41.

n
N

56.

57.

Feuerstack: Ueber das Verhalten des Fyathels der Lungenal-
veolen bei der fibrindsen Pneumonia.  Gotungen, Preiss-

schrift, 1882,

Fulton, W. B., Houtz, R. 1. Dooley, AL, Matthews, | P
Asbestosis, Part 1—The Collection and Counting of .As-
bestos Dust.  Spec. Bull. 37, . Depte Labor and Indus-
try, 1934

Gardner. L. U.. and Cummings, D. .o Studies on Lxperi-
mental Pneumokoniosis: Vo Inhadation ol Asbestos
Dust; Its Effect voon Urimary Tuberculosis Infection.

J. Ind. Hyg, 13:65-51, 97-114, 1931,

Gerbis, 11., and Ucko: Ucher Ashestosis der Lungen. Ver,
£ inn. Med. z. Berlin, Sitz. v. Dec. 7. 1031,

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

German \Work on Pulmonary Asbestesis. Lancet, 3:92-93,
1932.

Gloyne, S. R.: Presence of Asbestosiz Fiber in lesions ot
Asbestos Workers. Tubercle, 10:404-407, 1929.

Glovne, S. R.: Reaction of Tissues to Asbestos Fiber, with
Reference to Pulmonary Asbestosis. Tuberele, 11 :151-153,

1930.

Gloyne, S. R.: Method of Staining \shestosis Bodies Tound
in Sputum of Asbestos Workers. I Tnd. Hyg., 13:85-86,
1931.

Gloyne, S. R.: Formation of Ashestosis Badies. Tubercle,
12:399-401, 1931.

Gloyne, S. R Presence of Asbestosis Podies in Facces of
Case of Pulimonary Asbestosis, Tuberele, 12:155-101, 1931,

Gloyne, S. R.: Asbestosix Body. - Lancet, 1:1351-1355, 1932,

Glovne, S. Rt Infrasred Photomicrographs of Asbestosis
Lung. Tubercle, 14:208.209, 1933,

Gloyne, S. R.: Morbid Anatomy and Thistology of Asbestosis.
Tubercle, 14:485-401, 493-497, 550-558, 1933, Abstr, J. Ind.
Hyg., 15:127-128. 1933.

Gordon, B., Jr.: Asbestosis. Pennsylvania Med. J., 35:637-
639, 1932,

Green, Henry: A Photographic Mcthod for the Determina-
tion of Particle Size of Paint and Rubber Pigments. J.
Franklin Inst., 192:637-006. 1921,

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

Haddow. A. C.: Clinical Aspects of Pulmonary Asbestosis.
Brit. Med. J., 2:580-381, 1929.

31

SRt el
. % Dl o
s o A, g s AP A SR

-




0 L SVSRIN

RPN §

el B LAL L A SRR N -

59.

60,

61,

63.

64.

00.

67.

71

72.

73.

Hatch, T., Warren, H., Drinker, I.; Modified Form of the
Greenburg-Smith Impinger for Field Use, with a Study of

its Operating Characteristios. J. Ind. Hyg., 14:301-311,
1932,

Hatch, T. and Pool, ¢. L.: Quantitation of Impinger Dust
Samples by Dark Field Microscopy. J. Ind. Hyg., 16:177-
191, 1934,

Holtzmann, ¥.: Die Einwirkung des Asheststaubes. Zentralbl.
. Gewerbehyg., 8:225.22, 1931,

Industrial Dircetory 1931 Edition. Pa. Dep't of Internal

Affairs, Harrisburg.

Katz and Siater: The Second Positive Wave of the Q-R-S
Complex. Arch. Int. Med., 55: No. 1, Jan. 1935,

Kettle, I H.: Interstitial Reactions Caused by Various Dusts

and their Intluence on Tubereulous Infections. J. Path.
and Bact,, 37:395-403, 1932,

Knopf, A.: The Quantitative Determination of Quartz (“Free

Silica”) in Dusts. U. S, DPub. Health Reports, 48:183-190,
1933,

Kruger, E., Rostoski, O Saupe, E.: Asbestosis. Arch. f.
Gewerbepath. . Gewerbehyg,, 2:538-590, 1931, Abstr., J.
Ind. Hyg., 14:144, 1932

Lanza, A, ], McConnell, V. 1., Fehnel, S W.: Effects of the
Inbalation o Ashestos Dust on the Lungs of Asbestos
Workers, A Preliminary Study. .. S. Pub. Health Re-
ports, 50:1-12. 1035,

London Letter: Pneumonoconiosis Caused by Asbestos Dust.
J- Am. Med. Assn., 89 :304, 1927 .

Lovisetto, 1.: Asbestosi.

In: Studi sulla pneumaconiosi in
Talia, 1930, p. 115-132,

Istit. Doligr. dello Stato, Rome.

Lynch, K. M. and Smith, W. A Asbestosis Bodies in Sputum
and Lung. J. Am. Med. Assn., 95:659-661, 1930.

Lynch, K. M. and Smith, W. A_; Pulmonary Asbestosis, 11.

Including a Report of a Pure Case. Am. Rev. Tuberc.,
23:043-600, 1931, Abstr. ' Tnd. Hyg., 13:241, 1931,

MacDonald, S.: Histology of Pulmonary Asbestosis. Brit.
Med. J., 2:1025-10206, 1927.

Merewether, . R. A.: Occeurrence of Pulmonary Fibrosis and

Other Pulmonary Affections in Asbestos Workers, J. Ind.

Byg., 12:198-222, 239.257 1930.

Merewether, IX. R, A.: A Memorandum
Tubercle 15:09-81, 109-118, 152-159, 1933,

32

on Asbestosis,

74. Merewether,
Asbestos
.‘\.\'])(‘,\IH\.
1930. .\

75. Mills, R 6
1930.

76. Muszsa, G2
nmiu:"u-;
p. 13313

77. Oliver, 1o
Inud. Hy

78, Oliver, 1o
2:1020,

79. Olbiver. T
80. Otiver. 1L

Rev. 31
81. Olver. I
Arch. 1

. \
K2 Palnners.

K3, Punconst,
Roentya
1026,

84 ]‘;u]\‘\'ll\‘.
OIS

10~ AW

835, DPancoast.
cal .\~
portan

86. Parsitano
139, 19

87. l’idg('“”-‘
}).\ .\.\
Abstr.
88, Policard.
Proves
dranna
franca
d'histe
1930.

RO, T'rice,
Heat
in Dos

90. TI'ulmona




99.

100.

101.

102.

103.

104.

105.
106.

107.

108.

109

91.

92.

93.

94.

Pulmonary Discase Caused by Asbestos Dust.
Rev., 300 292, 1930,

Pedley, I, G.: Ashestosis. Canad. 1ub. Health J., 21:576-577,

1930.

Recent Studies of Pulmonary Asbestosis in Germany. Month-
ly Labor Rev., 35:541-542, 1932,

Reports on Conierence Between Employers and Inspectors
Concerning Mecethods for Suppressing Dust i Asbestos
Textile Factories. U0 K. Home OfF, 11, M. Stat. O,
London, 1931,

Ross, J. Go Chrysotile Asbestos in Canada, Mines Braneh
Bull. 707, Canad. Dep't Mines, 1931,

Rostoski, O.: Ashestosis, Verhandl d. Deutsch, Gesellsch, 1.
inn Med. Kong., 43:334-338. 1931,

Saupe,  TF.:  Ucher Lungenashestose.

meud.
Wehnselir,, 78:979, 193],

Minchen

Scarpa. Lo G Industria dellamianto ¢ tubereolosi, NVITI®

Congr. d. soc. itul. di med. int. Rome, 1908,

Schuster, N. 11.:

Asbestosis in a Dog. J. Path. and Bact,
34:751-757, 1931.

Sciler, H. 120 A Case of Pneumoconiosis,
halation of Ashestos Dust. DBrig Med, ),

Seiler, 1. 1. and Gilmour, M. D.:
Med. J., 1:1112-1114, 1931.

Result of the In-
2EUS2, 12K,

Asbestosis Case.  Brit.

Simson, FW Pulmonary Asbestosis in South Africa. Brit.

Med. J., 1:885, 1928,

Simson, . \W. and Suthcr]:md-Strach:m, A Bodies in
Sputum; Specimens from Fifty Workers in Asbestos Mill.
J. Path. and Dact., 34:1-4, 1931.

Soper, W. B.: Report of a Case of Asbestosis and Review.

Am. Rev. Tubere., 22:571-584, 1930. Abstr., J. Ind. Hyg,,
13:49-50, 193].

Sparks, J. V.: Ashestosis. Radiology, 17:1249-1257, 1931.

Sparks, J. V.: Pncumoconiosi Brit.
Med. J., 2:363, 1932,

Stewart, 1. 1.. Bucher, C. J.. Coleman. E. 11 ;
Cases.  Arch. Path., 12:909-916, 1931,

m \sbestos Workers.

Asbestosis, Two

Stewart, M. J.: Pulmonary Asbestosis.
1928,

Stewart, M)A Method of )¢
bestos Bodices.

Brit. Med. J., 2:675,

xamining the Sputum for As-
it Med. ], 2:581, 1929,

34

Monthly Lab. l 3

110.  Stewart, M. l
Pigs after 3 v
1. Path, and !

111, Stewart, M. |
of Pulmonae
2:209, 1928

112, Stewart, M. |
Peculiar - Do
Bodiesy in M
Sputum, b

13, Stewart. M. ]
Clump= o
Waorkers. | .
Tnd, Ty 18

114, Stock. . A
Admin., 10:1

1S, Terreil Ao
avant Pasjn
action des .
des s¢ance- -

116, Timmermuns.
280, 307,

117, Tylecote, 17
Tungs of €
(‘11\(‘. [

118, Wahlstron:. 1l
Mincral. ¢
1934

119, Wood, W. D
Skiagram. -
10):353-303.

120, Wood, W. i
121. Wood, W, L)

T.ancet, ].)-c

17:33. 1033
122, Wond. \W. B

3481930

123. Wood, W, UL
plicated by
Abstr, 1T
124, Wood, W BB
10 :457-400.
125, Wood, W, V.

(*ul()\iS 'I‘\\
11:157-15%,




Dust. Monthly Lab.

Health J., 21:576-577,
m Germany. Month-

wers and  Inspectors
g Dust i Asbestos
i M N stat O

vudi, AMaines Branch
Jeutsch, Gesellsch, |,

Munchen  med.

tubercolost, NVITI®
1908,

J. Path. and Bact.,

<. Result of the In-
S 20982, 1928,

hestosis Case. rit,
o South Africa, Brit,

e\ Bodies in
cr~om o Ashestos Mill,

sestosis and Review.

Abstr o | Ind. Hyg,

712401257 1931,

~tos Workers,  Brit,
I Asbestosts, Two
Lrit. Med. ., 2:675,

- the Sputum for As-
)24,

110.

111

112.

113.

114

115.

116.

117.

118.

119.

120.
121.

Stewart, M. J.: \sbestosis Bodies in the Lung= of Guinca
Pigs after 3 to § Months” Expusure in an Asbestos Iractory.
J. Path. and Bact., 33848, 1930.

Stewart, M. J. and Haddow. A, C.o The Immediate Diagnosis
of Pulmonary Asbhestosis at Neeropsy.  Brit. Med. 1.
2:309, 192Z8.

Stewart, M. J. and Haddow, N Co Demonstration of the
Peculiar Bodies of Pulmonary  Ashestosis  (Asbestos

Bodies) in Material Obtained by Lung Puncture and in the
Sputum, J. Path. and Bact,, 32:172, 1929.

Stewart, M. J., Tattersall. N, Haddow, A. C.: Occurrence of
Clumps of Asbestosis Bodies in Sputum of Asbhestos
Workers. J. Path. and Bact., 35:737-741, 1932 Abstr, L
Ind. Hyg,, 15:78, 1933.

Stock, G. A.: Pulmonary Ashestosiz. Med. Bull Vet
Admin., 10:126-129, 1933.

Terreil. A.: Analyse dune chrysotile (=erpentine fibreuse
avant- Paspeet de Tasheste); silice fibreuse résultant de
action des asides =ur les serpentines.  C. r. hebdomadaires
des séances de acad. des sc., Paris, 100-251, 18RS,

Timmermans, 1. D.: Asbestosis.  Zentralbl. {. Gewerbehyg.,
8:280, 307, 1931.

Tylecote, F. E. and Dunn, I 5.0 Asbestos-like Jodies in
Lungs of Coal Miner who had Never Worked in Ashestos;
Case. l.ancet, 2:632-633, 1931,

Wahlstrom, E. E.: An unusual Occurrence of Asbestos. Am.
Mineral. 19:178-180, 1934, Abstr.. Chem. Ahstr., 2R:6088,
1934,

Wood, W. B.: Asbestosis, Radiographic - Appearances n
Skiagrams of Chests of Workers in Asbestos. Tuhercle,
10:353-363. 1929, Abstr., 1. Tnd. Hyg., 11:210, 1929,

Waood, W. B.: Pulmonary Ashestosis. Tuberele, 10:23. 1929,

Wood, W. B. and Gloyne, S, R.: DPulmonary  Asbestosis.
Iancet, Dec. 22, 1934, p. 13831385, Abstr.. J. Ind. Hyg,
17:33, 1935,

Wood. W. B. and Glovne, S0 R Ashestosis. Lancet, 1:445-
448, 1030, Abstr, I Tnd. Hyg., 12:146, 1930,

Wood, W. B. and Gloyne, S. R.: Pulmonary Asbestosis Com-
plicated by Pulmonary Tuberculosis. Lancet, 2:954, 1931
Abstr., ). Ind. Hyg., 14:606, 1932,

Wood, W. B. and Page, D. $.: Asbestosis; Case. Tubercle,
10:457-400, 1929.

Wood, \WW. B. and Page, D. S.: Asbestosis; Death from Tuber-
culosis Two Years after First Exposure to Dust. Tubercle,
11:157-158, 1930. Abstr., J. Ind. Hyg., 12:146, 1930.

35

DA e R L aaon. .

e e




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. Obviously 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 maximum safe concentration of asbes-
tos dust in the air. However, the results of this investigation show
the necessity of a reduction of the dust concentrations in those
operations, shown in Part 17T of this study, where there is continuous
exposure to high concentrations.

StunaMary

(1).  The concentration of dust in asbestos fabricating plants de-
pends primarily on the grade of ashestos: mill fiber gives rise to a
higher concentration than crude 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). Petragraphic analyses of dust encountered in ashestos fahri-

cating plants collected in the workers’ breathing zone shows it to
contain no free silica.

(). Fourteen. or 25¢7 of fifty-six workers employed in the tex-
tile departiments of ashestos fabricating plants in Pennsylvania had
both clinical and roentgenological evidence of asbestosis.
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