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g2 INDUSTRIAL DUST '

fully that, if he has silicosis, he got it in Canada and Canada
will take care of him. , , . ,

In the case of a first-stage silicotic without tubercular mfectio ,
there is no method, as yet, for determining his lessened efficiency. 
The lung change, if any, caused by his dust inhalation is too
small to measure. . , .. ..  f

McCann and Hurtado (177) have estimated disability from
lun? fibroses of various origins but have not yet succeeded m 
developing a method tha t is simple enough for routine use by 
compensation boards, insurance examiners, and the like. _ I  neir 
orocedures involve various simple measurements of respiratory 
function but they have not established any methods of delectus 
fibrosis which are more sensitive than the present *.~ray
examination. . -

Of course, industry would welcome a diagnostic routine to
detecting early harm from dust or, better, for forecasting harm. 
No such method is available and it seems fruitless to e x ^ t  
such help. The pneumoconioses are not diagnosed until harm
is demonstrable by X-ray. _

Collis (42) has stressed the difference between the age gTOip- 
ings in pulmonary tuberculosis and in silicosis, with or withou 
tubercular infection superimposed. Tuberculosis «  most preva­
lent between the ages sixteen to twenty-four, while silicosis rarely 
becomes disabling until Later in life. Inasmuch as a good many 
years of dust exposure are required before the aveiage case 
rilicosis (or asbestosis) becomes evident, it is obvi0U* ^ at ^  
not likely to be acquired early in life. However, there is 
epidemiological side to the question which is of 
and it is that which Collis especially emphasized.  ̂ The aserag 
healthy individual has acquired a fairly effective ™ ^ i t y  
or resistance to tuberculosis. His chest X-ray is 
one or more healed scars or fibrosed areas from 
Such an individual, Cummings emphasizes (211), a ^  
silicosis risk than the man who shows no evidence of past exp^m e 
to pulmonary tuberculosis. Consequently it is wire to ..elect 
for dusty jobs men who are past the age of forty and not 3oung 
men just taking up a trade. . . .

.....* Asbestosis. ' The X-rsy ptcUm. of
-k «.ofuelos to the layman. The effect «

. fibrosis. Characteristic silicotic nodules are absent and extn
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EFFECTS OF DUSTS AND FUMES UPON MAN  *3

the expert roentgenologist withholds his diagnosis until the case
history is complete. . , . . . . .

The pathology produced by asbestos is not like tha t of sthccsis.
The asbestos fibers group about the neck of an alveolus and shut 
it off, causing what is known as atelectasis. There is no definite 
migration or transportation of the dust particles to the lymph 
a  odes and no formation of the fibrous nodules as shown hi 
F ig. 13. As the atelectatic areas increase, the reduction m lung

area causes serious dyspnea or labored breathing Lanza (loS) 
suggests that the enlarged hearts noted frequently m Ins 
of second-stage nsbestosis may be the result of the increa..  ̂
work of the heart resulting from this condition; it takes more 
work to pump blood through the atelectatic than through the

E°ln alicoJs it i^ m s to be a gerierabnile that,"after a certain
point, the victim’s condition grows worse even if ̂ d u s t  e x p i r e  
has ceased. But Wood and Gloyne (2oS) state tha t they nave 
seen patients with asbestosis "whose condition appears to have
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remained stationary ¿nee stopping ■work in the factory,513 but 
they advice definitely that the asbcstotic individual be removed 
from Ms dusty job. Merewetker (183) and Lanza are less certain
on this point. ^

Asbeslosis Bodies. In  the lungs of patients who died after 
prolonged exposure to asbestos dust and in the sputum of men 
with considerable asbestos-dust exposure are found what first 
were called curious bodies and later osbsslosis bodies (Fig. 15)
While somewhat similar .bodies occur in the lungs of coal workers 
end even of normal persons, it is admitted that asbestosis booiea 
in sputum are characteristic of asbestosis. blew art (¿23 ) gites 
considerable diagnostic weight to their presence. ■ ^

Pneumoconiosis m Animals. Silicosis has been proouetd 
experimentally by quartz dusting guinea pigs, rabbits, ^rruca, 
eats, and domestic fowl, thus emphasizing the specuicity of 
quartz dust to biological tissue. In like manner asbestosis has 
been produced in experimental animals.

The Equidae, such as horses and mules,' apparently are not 
susceptible to ordinary’ pulmonary tuberculosis but there is no 
reason to believe they have any special immunity or resistance 
to  silicosis. The normal silica content of horses5' or mules 
lungs is not known but it would seem wholly reasonable to use 
the lungs of animals which have worked 5 to 15 years underground 
sn mines as physiological dust samples. A brief report on Inis 
subject was published by Haynes (121) but data such as one needs 
u e  singularly lacking. _

TOXIC BUSTS

Poisoning from inhaling toxic dusts is much more likely 
than poisoning from swallowing them. Dusts that reach the 
Jungs may pass directly into the blood stream, thence to the heart, 
and immediately be pumper, all c er the body. Distribution 
to all the body tissue is thus brought about rapi !y and effec­
tively. But dust taken in with the food goes to the stomach 
and the major part passes out in the feces. Some is picked up 

..by.the portal blood circulation and moves on to the liver. That 
portion which causes poisoning must first pass through the liver, 
which is an effective filter and detoxifier; only then can it enter 
the general circulation.
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ARSENICAL MIXTURES OR COMPOUNDS 1

Arsenica! Mixture« or Compounds, N. O. $.*
Solid

Hazardous Properties: Poisonous materials. See 
Arsenic.

Shipping Regulations: f
Poison B 352, 354* Poison label 200 lbs.

(max. lot.)
Arsiixi-ienl Kip, Liquid (Sheep Sip)
Hazardous Properties: Poisonous liquid. See Arsenic.
Shipping Regulations: f
Poison B 338, 349* Poison Label 55 gals,

(max. lot)
Aiisn.issd Bust
Haierdous Properties: A poisonous material. See

/.\4 ¿-¿sne,
Shipping Regulations: f
Poison B 352, 355® Poison label 200 lbs.

(max. k>t)
Arsenica! H ue Dus*
Hazardous Proper'ties: Poisonous material. See 

Arsenic,
Shipping Riga!aliens: f
Poison B ' 352, 355® Poison label 200 lbs.

{max. lot)
Arsenous Arid, Solid -
Hazardous Properties: A  poison. See Arsenic. 
Shipping Reguiatims: f
Poison B 352, 351* Poison label 200 lbs.

(max. lot) ■
Arsenous ¡uid Mercuric .Iodide Solution, Liquid 
Hazardous Properties: A poisonous liquid. See 

Arsenic and Mercury.
Shipping Regulation-;:! >-
Poison B 338, 349» Poison label SS gals.

(max. lot)
Axdua
Asfi'uimimi Allowable OoncsrJrolion ip. AirH O.On parts 

\z:z million.
Hazardous Properties: bee Arsor.se» Caution! 

/  »sine can be liberated from unusual places. 
. instance, in cleaning out steel tanks which 
contained concentrated sulfuric acid it is pos­
sible to liberate arsine; although concentrated 
sulfuric acid does not react with steel, dilute 
add does react with it momentarily, liberating 
b-'drcpen, which reacts with the arsenic, form­
ing arete. This is but one of the very numerous 

"• possibilities forindustrial-exposure to this toxic 
material. • '

d/nwpw.- Arsenic hydride; aneniuretted hydrogen
lArxwla: A*H,
M. Wt: 77.9 . i t .  1».; --113.5*0
£. P.: - •5$*C Density: 3.484 g/liter
PkuriptHsn: Colorless gas
Shipping Regulations:  ̂Pol son label {!).
ArZVihi:Zlam bfr
ilewrioi:is p? op<r>’It PS: A to sic material. See Ars
• SBe list of abbreviations and symbol», page vii. t

JVxmbiyj i-p, p̂ xmnUuistt rejer

4 GENERAL CHEMICALS

Synonyms: 3-Diamiao-4-dihydroxy-! -areenobenaens
hydrochloride; 606

Formula: Ci»H,sAsjN’:0>2HC!.2H,0 U . U'u 475.0
Description: Light yellow hygroscopic powder
Shipping Regulations:  ̂None.
«Arilc* '
Trade mark of a refrigeration grade of methyl 

chloride. A proprietary material. See under 
component as listed.

Asbestos Partic les o r Asbestos iHxst
Maximum Allowable Concentration in Air:9 5 million 

particles per cubic meter.
Hazardous Properties: Asbestos is a class name for 

various minerals of a fibrous nature. The com­
mercial material is mainly fibrous serpentine, 
known as chrysotile. ffie. 
this material merely constitutes a nuisance„dtjgt. 
The“-figure given for the M. A. C. is probably 
the safe limit. There is a specific lung disease 
known as asbestosis, which may be caused by 
this material; it can also cause chronic con­
junctivitis with hypertrophy (6). Asbestosis is a 
comparatively new disease which was first de- 
gcnLcd oy ¿English wnters Li 'A0 to .. sC.S).

■ Finely ground asbestos is said not to be dan­
gerous, and this theory is supported clinically. 
The time necessary to develop »sb.stosis is 
from 7 to 9 years, if the exposure concentration 
is fairly high. Lower concentrations are iikely 
to require 15 to 20 years of exposure. Once 
established, the disease is progressive, even 
though exposure has stopped, it would seem 
that the irritation cue to this materia! ‘ > related 
to its physical nature rather than its .-neancal 
composition. The first sign is dyspnea; tne 
cough is us>ially dry and auscultation reveals 
few if any physical signs; kiss of weight, peflor 
and cyaxiosis arc also early symptoms. Later, 
emaciation and chest symptoms appear. There 
is a distinction between this disease and »A- 
cosis, i.i., the chest appears emaciated and l&r s 
the robust character noticed in silicosis. JL>, 

Si lD. Jib.. Li'' ■ -Pf 1’a ■ *: v 
insulating, and firc-oroofaig industry or wheye 
tins materialJs.£&tabjDcri with .textiles. .̂

TtiSmcnTwei '‘Antidotes: Rest and removal from 
exposure are indicated. Consult a physician.

Storage end Handling: ytt^Q.pja~sa&gS£u in in&h 
cpncentrat\Qris..,or...to.._suikno\s'n_j;oiicentrau/;'"s 

_je»f asbcstosjjactkks P >ld ¿ssarrggiratr y pro­
tection of an approy .A'ilTb.

Ai.pb.at5
Hazardous Properties: Asphalt causes skin eruptions 

which vary roughly in relation to the specific 
gravity and boiling point of the «phalt cr 
bitumen. It can cause dermatitis. The funset 
evolved are s .axious and unpleasant with a 
strong odor, s.o that kettles of this material

Section 5 give* com plete ICC S h ip p in g  Regulation»*
to tiUralurt eitaiions, page a.
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CHAPTER XXX

ASBESTOSIS

Asbestosis is.a comparatively new disease. *Ihe first comprehensive 
reports regarding asbestosis came from the English writers in the years 
between 1920 and 1925. In A m erica In the early  th irties studies were 
m ade b y  L anza, Sayers, Bloomfield, and  others.

Asbestos is a hydrated magnesium silicate. Occupatjpn^!_Ée2y>os,age 
occurs In l.bQs&»lEad£5,jdi&ia^lJ-:LJ^

processes.
Signs and Symptoms.—As in silicosis,1 the first sign is dyspnea, the 

cough is usually dry, and auscultation reveals few, if any, physical signs. 
Loss of weight is usually noticeable, the color is pale, and cyanosis is a 
fairly early sign. A fter some time, fine, crackling' rales may be heard, 
an d  the chest appears  em aciated and lacks the robust character noticed 
in silicosis. Early asbestosis must be dificrentiated from  acute ernpny- 
sem a. I f  tuberculosis is present, the symptoms may take on the character 
.of tins disease, but this com plication is fa r  less .frequent than in silicosis.

Pathology.-—-
P clm oxary Changes.—The pulmonary fibrosis of asbestosis is dih use 

in character, peribronchial, and basal m location in contrast to sm- 
cosis in which the fibrosis is nodular in character and present in the 
upper part of the lungs. As ì..'.e process continues, the fibrosis extends 
into almost all portions of the lung tissue. Bronchiolectasis and d ion* 
ehiectasis are present within the substance of the nhroid areas, un.> 
bronchopneum onia and acute tracheobronchitis often cause tue tienili of 
these patients. The pleurae, especially in the basal regions, arc tmchencd 
and  adherent. In some cases the pleural sac is completely obliterated, 
In others a fibrous or serous exudate may be present w ithin it.

Action of Asbestos and Silica.—The difference between chrysotije
asbestos and  quartz silica in the ir mode of action has caused considerable 
specu la tion  as well as experim entation . G ardner- particu larly , n!^«hc 
S aran ac  L aboratory , carried  on intensive study of these two m aterials. 
He fell tha t w hile*the action of free silica is chem ical in na tu re , fine 
action of asbestos is m ed ian ica!. He statesi: '

------- *‘\Yc-have- come to the -conclusion -that, inhaled .asbestos fibres are
irritating not because they are silicates but because limy are sii IT fibres 
w hich  m echanically  Irrita te  the lungs. L ntikc the free silicas, tnese 
minerals will not stimulate fibroblasts in any part of the body; only 
those in the lungs are nfleeted. It was inferred that these organs were 
• ' 368
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ASBESTOSIS SC9

•affected because the movements of resp iration  arc so m uch  m ore rapid 
ami continuous than those of oilier viscera. Then it w as discovered that 
if asbestos was ground very finely so that few of the fibres w ere longer 
that 2 m icrons in length the irritating property of the asbestos was p rac ­
tically destroyed. Inhalation experiments %vlth such 'tine chrysoldo asbes­
tos were carried out over a period of several years. h>o hbrosis nns 
developed in spite of the fact that an average atmospheric concentration . 
of 125 million particles per cubic feet of air has 1> cn maintained. In 
contrast in a previously reported  experim ent one-th ird  this concentration 
of long fibre asbestos dust produced well m arked  fibrosis a lte r  about 
two years.”

If the effect of asbestos were chemical, one would expect tnat a 
decrease in size would accelerate tissue response. With free silica large 
particles have little effect, but as their size decreases cellular reaction * 
becomes more vigorous and even constitutional symptoms may ensue. 
With fibrous asbestos the reverse is true.

. The histology of early ashestosis does not suggest a chemical in ju ry . 
Even under the most extreme conditions that can be created by ariiiicia? 
injection there is no preliminary phase of tissue necrosis with infiltration 
of leucocytes as occurs with high concentrations of very  lin e 'q u a rtz ,
The connective tissue cells merely multiply very slowly in areas where 
the asbestos fibres arc caught in the bronchioles. As collagen forms and 
contracts, the air spaces are obliterated  h.y,scar tissue. In experim ental 
animals, at least, this change is not a progressive one a fte r cessation of 
exposure to the dust as is the case in (he response to quartz. Ferhaps the 
reason is the deposition of the peculiar iron-containing coating on the 
surface of the inhaled fibres giving rise to t]|e characteristic “asbeslosss 
bodies” (Figs. 50-aiid 51). *};c .

Finally, it is most suggestive that among dozens of different silicate 
minerals only the five known as asbestos.-. vH ieh a re  unique because /  
they are fibrous in structure, should be commonly recognized as 
monarv irritants. • The variation in chemical composition within ttvds 
.group'is greater than that betw een them  and massy o ilier silicates. In 
fact, chrysolite asbestos lias the sam e chem ical formula as a nonilbrous 
silicate, serpentine, which is physiologically inert. Obviously irritation 
would seem to be associated w ith the physical ra th e r  than tne chem ical 
composition of these m inerals.

One point of practical significance may be indicated by these otiser- I 
valions: nam ely, that very finely ground asbestos is not dangerous. T his _ 

~""'conclusion'has 'support in clinical observation, fo r it Iras long-been  ̂
known that at the Thetford Mills there  was no clinical asbestos's even \  
though in former years the atmosphere was very dusty and the d- si was 
extremely fine. The fact that fabrication of fibres of the same m ineral 
in American plants could produce disease was one of tire puzzling tea-
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i|nres of M s d i s c .  Bui these e^ erim eu .s •

»»>>» e “ j  ■

o*
is  a thickening of the alvwilar septa as a rc . J piw iiocvl«. WWi
Sion. The alveolar spaces the rive-
progression of the disease, nmorns »/-c  ̂ -•»  ̂ , ihcre is now dense • 
o la r structu re  g radualiy  d isappears, an‘‘i J“ S  'jh  ... ........ 0 f fibrousr r r s J ^ ' r r s M ^ -  —•^-iu!s"
a i each .ex trem ity . Many a re  a rran g ed  like s U ^ s . ' i  -
w ith  the largest a i t h c  end o f t n e  euam.^ • .r „ , fld to

X-Ray Findings. Certain pecuD^-a^s ^xst u s ^

silicosis. In ashestosss, the lesions ma findings
According to the experience of or‘ Wo-lhirds of the
in asbestosis are largely um rlet ‘ ‘ ^  llons 0f the lungs are &k®
lung fields, wnile m  silica^« i. - M « - 1 x-ravS will reveal lessened 
involved. In moderately athimcec, as “j* tra »^hened, and there 
ventilation of the lung rseaus, Ine i~ j ^  The vascuiar shadows
Is a “ground-glass appearance to l u c ^ c . s s , feeb  thai a
lose their identity , ^ CKiosh h  unreliab le an d  that the
S S S S f S  t & . U . y  o f ruarkedtv c . lv ^ c i i  to msHe .
entfal diagnosis from the roentgenograms (i %• h  ■ ^

Medicolegal A spects.-Il is felt that the  ̂ , sgh
asbestosis i^otW hc from fifteen ^ tw en ty
concentration, %\nu a inonnMQ rrrliftes per cubic lootV M r, The allow able concentration is ¿0,UdsOwU 1-riiw .t. s

of a ' sk e  between 0.5 and 5. , .. vi
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of exposure. The basis for d.oKnosis is - m l« .  '•> •’
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