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ASBESTOS!S—PART III.—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 sixty-four persons

© (48 men, 16 women) employed at the tims i the plants listed in
Part II of this rcport.  OF this number seven men without previous
cxposure were used as controls. Selection of the warkers was re-
stricted to those employcd in textile manulacture. Those workers
longest cuployed were chosen because the necessity of including
a sulficient number from this group is evident. Attention was also
paid ta the grour with exposures of shorter duration and to the

o

articular operation at which the worker was cmployed. Table
"III shows their age distribution. '
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Asbestosis was found in fourteen’ persons (12 men, 2 women),
. ! or 25 per cent of the exposed group. Forty persons were diagnosed

4 as negative and the remaining three doubtful.  Of the latter group.

onc individual had previous exposurc to silica dust which may have
been the primary or contributing cause and, as a resnit, has heen
climinated from auy further consideration. The cases having as-
bestosis were divided into those having slight and moderate pul-
monary fibrosis, no advauced cascs having been found. The esti-
mation of the degree of involvment depended on the amount and

extent of fibrosis scen rocntgenologically and in the clinical fiud-
ingzs, :

The prescnt, past, and family medical, and previous occupational

histuries were sccured from cach worker. Direct questions, which
wight influcnce the individual’s replics in reganl to his subjective
~¥mptoms, were ‘avoided in obtaining chicf complaints. The pre-
dainating subjective aymptoms in the positive group woere congh
sl lyspuva,  Other mnjor subjective = ‘mploms were dey thruat
sl frequent eolds. One Tndividual in this group hadl o abjective
s taplinns, .

19




,.:!
N, A
L ' ’

.
. ]

Objectively, the major symptoms were again cough and o:llylpneq.
Thirteen persons of those diagnosed positive for asbestosis comi:
plained of cough, and cight of dyspnea. Othier frequently clicited
objcctive symptoms were frequent colds, palpatation, weakuess,
precordial pais, and pharyngeal dryness. No objective symptoms
could be 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 inlcctions which did not result in a loss of time of three
or morc working days, were listed' as objective symptoms. Pneu-
monia during the course of employment occurred in threc of the
‘positive and seven of the ncgative gronp. The past medical his-
tories were otherwise negative except for an attack of pleurisy in
one individual of tht exposed groug diagnosed as negative,

Family histories and, In particdl
noted. Two workers with asbestosis hiad roentgenological evidence
of hecaled tuberculosis and ucpative family histories. Two others
who showed cvidence of healed tulicrculosis, and who did not have
asbestosis, also had negative family histaries. .

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

less in the asbestosis group than in 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 clevation of teniperature and cleven in the negatlve group showed

it. RElevation of body temperature in the control group waa absent. -

The mucous micmbrancs of the node and throat ol the entire group
were cssentially ncgative.  The conjunctivae did not appear to be
irritated. Tenderness over the antra and (rontal sinuses was not
found. Decflccted nasal scpta were common, and discased tonsils
were noted in a few cases, The external auditory canals did not
show cvidence of plugging or irritation. :

Clinical cxamination of the thorax included inspection, palpation,
rercussion, and auscuitation of the heart and fungs. A tendency to
nereascd auterior-posterior diameters of the chest in the positive
cxposed group was noted. In the positive group the respiratory
murmur and vaocal resouance were impaired in five cases. Crepitant,
subcrepitant, sibilant, aud sonorous rules occurred in nine of the
ashestosis cases, the two fatter tvpes being predominant. :

The recognition of cyanosis presented a difficult problem. Whes
it occurred the skin had an wnhealthy lcaden hue, with variations
in the degree of intensity in the thece individuals in tue positive
group showing this pliysical afgn.

Roentgenological examinations,! made of all workers, included
finoroscopic examination, atcreosc«!pic anterior-posterior and oblique
skiagrnms of the chest, In addition to noting gross chest pathology,
the mavemeitt of the diaphragne was measured in cehtimeters dur-

ing the Auoroscopic examination: Right and left oblique exlmsures :

of the chest aided in the interpretation of the films and particulacly
‘-in the detection of thickened pleura. The hila, trunk, and lung

some films the g ficklds showed 'a stight tendency toward bead
~ il aodulation. A swall arca in the distal third of the lung in

markings of the fibrotic lungs were increased in prominence. h

ar, tuberculous contacts were:
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film sugpested atelectasis. Incrcased aeration, such ax onc sces in
cnipliysema, occurred-in a few cascs. Thickened pleura and ad-
hesions were noted in a fow cases, Tlie avernge smovement of the -
domes of the diaphragm of the positive group was less than that
of the ncgative exposed or control groups. '}‘llree‘ of the pasitive
and two of the ncgative group were found with rocutgenological
evidence of healed tuberculosis. Further: evidence of pulmonary
discase in four of the positive group was clubbing of the fingers,
The occurrence of asbestos bodies and the prescuce ol B. tubercu-
losia were determined in a single specimen or sputum obtained {rom
each person. Each cuploye was iustructed in the proper miethod of
obtalning the sputum specimien, and was requested to collect a
morning sample. An equal volume of antiformin was added to
cach sample. After complete digestion of the mucus, the wixture
was centrifuged for thrce minutes at a!!proximucly 2000 52 p. wm.
and the supernatant liquid decanted. Distilled water was added to
the solid centrifuged postlon, and the mixture recentrifuged for
three minutes. A drop of the deposit was transferred to a micre

scope stide and examined for the prescnce of ashestos bodies under
hoth 8 mm. and 4 mmn, objectives. ¢

-

FIGURE 3. PHOTOMICROGRAP o
ASBE%TOS BOOY, . MA mnc;mo'& €96
DIAMETERS

The greater percentage of sputmin specimens were of a whitish
culor, but a few were nuco-purulent. The asbestos bodics were a
l’?“‘ cliowlsh brown color and varied in size. shape, and nnmber.
Jhe largest asbestos hody found measured 117 microns in lomgth,
The budics occurred singly, clumped, and as fragments.  \When

preseat singly or in clunips, they prescuted a bead-like appearance
4 u dumh-bell shape, with bulbous cads tapering into a narrow
~ranil at a position m‘dwny between the ends. Figure 3 iga photo-
::l‘icrumuph of a single asbestos hody. In one s ccimcn"

| ‘crapc
twa or theee ashiestos bodies or fragments of bodics wel%ecn. in
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cach how power fichd, while fu athices, {ml ane or twa bodics were
fottinel I the entire specimen.  ‘Table; 1X gives the occurrence of
ashestos hodiex in a single specimen from each person. . Merewether
(74) seports that the presence of asbestos bodies cannot be taken
at present as ladicating anything more than previous exposure to
asheston dust, ‘This is in accord with our fndings for it will be

noted that they were found in a specimen obtained from one of the

controls. who at the time was sulfeging from an acute bronchitis,

productive of a muco-purulent sputiim. This worker had been cm-.
ployed as a packer forcian in the magnesia department for fifty
vears. His only exposure to ashestos dust was a rare visit to other

.

parts of the plant.

]
TANLE 1X. OCCURNEECE OF ARRERTOR DODER IN GPUTOM
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A single sputum specimen obtaiped from each Individual was
stained and cxaminc(r for the presknce of B, tuberculosis; Both
dircct smears angd centrifuged antiforminized specimens wire found
to be uegative. :

Clinical cxamination of the heart showed the aplcal hmpulse to

bic displaced in a few cases.  Apicad ‘systolic murmurs were heard in |

five of the positive and two of the negative groups. The bload
pressure was determined with a atandard mercury, sphygmonano-
micter. Hypertcnsion, although preseat in a few cases ln each
reoup, oceurred only in the older ‘vorkers. Roentgenological evi-
dence of enlargenient of the heart was not found. However, the
cardiac silhouctte in two individutdls having asbestosis. was found
to he top normal in size. . , ,
Electrocardiograms of fifty-six 6f the workers were wmade foltow-
ingr n thirty-minute rest period durlng which the subject was in a
reclining position, while cieht were taken with the subject in a sit-

wisitive clecteo-cardiogruphic findlag In the entire group was |

ingr position following a short reat period. The most conaisteulli

voltage, 1t was found o be present In seven of the positive aNgF
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vighteen of the negative geoups, cmn.pm’ed with four of the con-
trols. Right predominance was not present in the tracings of the.
control gromp, but did occur in two tracings of individuals with .

usbestosts and threc of the negative group,  Leit predominance was
most frequently found in the tracings of individuals in the ad-
vanced age groups. Katz and Slater (62) found cighty-six per cent
of_lndivifun"s with a second positive wave of the Q-R-5 complex 1o
have changes in the heart muscle, Our findings show that six of
the exposed group had a sccond positive wave of the Q-R-S com-
plex; two of these had asbestosis, and four were negative, as com-
rarcd with an abscnce of this finding in the coutrol group. The
k‘-R intctval was increased in the tracings of two exposed per-
sons found to be negative.

A functional test of the individual's response to cffort was per-
formed by having him place onc foot on a chair and then raisc his
body twenty-five times in thirty scconds. The pulse rate was dec-
termined imuediately before and alter exercisc, and again at the
end of a two-minute rest period. The respiratory. rate was deter-
mined inunediately before and two minutes after the excrcise test.
Table X gives the results of the functional test. Grealter variations
were seen in the rate of respiration following exercise in the ex-

- posed group as compared with the controls than were scen in the
pulse rate. Individuals with a pulse rate of 10 above the normal
resting rate, two minutes after exercise, were considered abnormal.

FAULK X. FURCTIONAL TEST OF RESPOMSE TO EPFONT

Fulss® llewln&lon ¢
Qroup -
Number | Pesceatage’ | Number | Icveenlnge
CONTHOLS
© Male - ] - 3 e X
Fanale - - - .~
NEGAMVE
Nale L I e i .y
Female 3 "3 4 9.5
ARNERTORIB
Mal 1 L B ] [} [~ X}
Panale . - v w.e

Y Puine gale 18 above normal resting vete dwo Minutes alter exerclse. '
? Resplentory vate 3 above norunsl gestiof vele Iwo slnuies sbter excecion.

Asbestos warts are thought to be produccd by a fiber of asbestos
which has become lodged in the skia, lar, cly through the irritation
and overgrowth of the horny and walphighian strata (27). These
growths are usually found on the hands but may also devclop on

the feet.  Yorty per cent of the exposcd group had oue ore of
these papillomas on their hands. .
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vy —




—

N
N\ tine Dlomd connts amd-urinlyses were made on cach individ- tv
wal  amised.  Hacmoglobin was determined by the Hadea and: )
tianeser coluriimctric method and expressed as grams of hacmo- -
globin pee 100 ce. of bluod. Smears fur differential counts were
stained with Wright's stain and 200 cells studied microscopically
using a 2 wmm. oil immersion objective, Practically no change was
observed in the blood picture of the three groups. Comparable
average varintions did not oceur in either the erythracyte or leuco-
cyte count. Ju two individuals with woderately advanced pul-
wmonary fibrosis, the total leucocyts counts were 10,800 and 11,400
with curresponding increases in the percentages of l:olymotpho-
nuclear lencocytes. Chauges in the percentages of other types of
white cells were not observed. |

Urine specimens were collected from each worker at the time of
pliysical examination.” Specific gravity, albumin content, and the
presence of sugar Were determined and & microscople examination
made of a centrifuged portion. Urinalyses were essentially negative
except [or a trace of albumin in fopr of the positive and thirteen of
the negative exposed groups, as cofupared with two o{ the controls.

A bricf smmmary of the clivical findings of threelubéqtos mill
workers and the accompanying illustrations (Figures 4 to 7 inc.)
arc presented to show the two stages of ashestosis ercou' tered in
this study. ' ' r
Case number A-8730—\Vhite male; a .
C!nlc( comphaints—Cough,

Objective symptoms—Occasional beadache (2) Eplstaxis vrare (3) Dry

u;lproductive cough (4) Coughing attacks precipltated hy sirenuous exer-
cise, : :

 Past Medical History—Usual childhdd discaies. Traumatic orchiils, 1934,

Occupational History—Began wo at 16 years of age. Mil 2y
ule spher, wstcd‘:\nnl. 2 yeirs, l“,lnull;l. 1 ';c'n. MukI:‘::‘nnci,e :::

hestos fabricating plant, 9 years. ) .

Physical Examination—Apparently healthy adult male. Height 62 inches,
Weight 122 pounds (greatest weiglt 122 pounds). Skia clear. No cyanosls,
Ashestos warts on both hands. [Pulse rate before, mmediately after, and
“two minntes after excreise, 84, 100, 72. Respiration rate Immediately be-
Mfore wnd, two minutes alter cxeicise, 20, 22. Cheat, normal shape; per-
cussion mormmal; hreath and voice sounds normal; sibilant and sonorous
rales bulh bascs. Heant, apical impulse, Sih luterspace mid-clavicular fine}
no murmurs,  {ood pressure IWN . . )

] . .
Fluoroscopy—Diaphragmatic movement, right dome, 2.8 cm. ; teft dome, 1.5 cm.

X-Ray—Thorackc cage is negative. The trachea Is in the midline, The cardiac
sithouctte Is within normal limijs of sizxe. The arch of the aoria Is not
widened. The domes of the dia m are somewhat Irregular on the leh
side but fairly irregular on the right, The pleura appears to be stightly
thickened on the Icft side,.and is more clearly shown in the oblique view,
In the sight apex there is possibly an old healed tuberculous process giving
the appeurance of an apical ¢cap. The hifa arc increased In prominence.
‘The trunk markings and Unear markings are Incrcased In prominence,

. _ _ .24 | A'v T .
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'FIGURE 4. CASE NUMBER A8730.
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FIGURE B, CcAsE NUMBER 447.
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K lulruuul&turum Cardiac rate 72, P-R futerval 0.16 scomnd.  Voltuge 4 mm. -
Dinggrnis-—Ashwstonds, slight,-
Cuse Nunndwr 447- White male; aged 47 years,
Chiet Compladats—(l) Cough; (2) Shoriucss of breath,
Pust Medical Uistory—Usual childhiood diseascs. Gouorrhea, 1922,

Occupalional Hislory—Faruer uatll 29 rean of age, Laboter steel works,

2 years,  Labarer grain will, 1 ycu Preparation room, ashestog mill, 1S
yeurs,
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FIGURE 6 ELEC’I’ROCARDIOGRAP IG TRACING OF CASE
NUMBER A8
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FIGURE 7. ELECTROCARDLOORAP;IIG TRACING OF CASE

Physical Examination—Goeneral appearance fair. Skin clear, Hecight 59 fuchies.
Weight 120 pounds (greatest weight 125 pounds). No clubbing of Bagers.
No asbestos warts, Nail beds not cyanotle,  Chest, normal shapé; per-
russion onrmal; respiratory snrmur within nonmal limils; vecal resonance

© o wurnmres, Pulse rate hefore, hamediately after, and two mhindes aftes

winbicred; albitant aod sonoraus pules.  Bleast, s apparent enlurgesnent :'

20



functhonal excrelse test, 76, 318, 76. Respleatlon rate bicfore and two min.
utes aller functional exercise tesi, 14, 18, Ulood pressure 134/90.
Fhormcopy~Diaphragmalie excurshn; sight dome, 1.7 oy Wit dome, 2.5 cnx,
X-Ray—The (horacic cage Is negative. “The trachea s in Wi wid-line, The
cardine silluacite Is within norawl Himits. The domes of e diaphragns
are regular, The hila and trunk markiugs are jncreased @ promincuce.
The lung marldun are also fucreased In prominence.’ .

Elcclrocardloxmn—&rdiu rale 60. P-R interval 0.16 lccnud Voltage 3.§
ant.  Low voltuge of all Q-R-S complexcs.
Diagnosis—Ashestosls, moderale.

TADLE X{, INOIDKNOR AND DEOREE OF ASHESTOUIS WITH RELATION TO
OCCUrATION, DUST CONOKNTRATION, AND YEARS OF EXIOSURE

Average .
1% u;: . Acbeelosls ,
Oceupation . ull:l'mu v :
patticles] Years Tolal
per euble of | Rumber [}
tont ]Rxposure|Rxsuinined] Negutive] Alight {Moderate] Advanced, Doubt i
Prepans -5 3 2 .- - Y e ]
and s [ ] ] .. .. 3 - .
Conters e U | 8 . 1 s v | - :
- t ' ' - -
over #0 1 ] - | . - -
Totad | W ¢ | . - |
Weavers -3 3 : . - | .. .- .
ani | 3 v | - | - .
Rolauers e | -1 1 ) - ' P
‘ 1620 s s | .3 - RN
aver 0 * i - - O
Total | W H 3 1 i .
. ) . ]
Wiaders, J — ‘ ¢ - - - -
Twlaler, ‘ -1 3 . ! - S
Watpers, tat | -8 . T e ) - - b
eir. -2 1 ' - - - !'_'——'—
aver 39 4 4 - .. - .
Total | n n t - - il""'i”'
Totsh w | K 1 o ‘ ) e

The principal factors now thought o determine incideace and
deggree of the poactinanocaniuses are nature amsl cone tion of

the dust, leagth of exposure, and fndividual susceplibiliqg@P e in-
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* cidence of ashestosis with relation to occupation, concentration of
the dust, and fength of exposure {n the fifty-six persons examined in
thia study {s indicated in Table XI. Obviously the examination of
such a relatlvely 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 thase
operations, shown in Part IT of this stady, where there is continuous
expositre to high concentrations. . :

SUMMARY

L |
(1). The concentration of dust in asbestos fabricating: plants de-
ends primarily on the grade of asbestos; mill fiber givea risc to a
rlighcr couccntration than crude fiber. ; Operations arranged in de-
creasing concentration of dust are pieparing, carding, weaving, spin-
ning, twisting, winding, and warping, -

(2). The average particle size of asbestos dust is stated ln two
dinmctérs, longitudinal and transverse, . )

). Pctrogrn‘xh‘ic analyses of dust encountered in asbestos fabri-
cating plants collected in the workers® breathing zone shows: it to
contain no free silica.

enolopics
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