
CHAPTER 11 

EFFECTS OF DUSTS AND FUMES UPON MAN 

Fxposure to dusts ean produce four distinet types of disability: 
(1) the pnewmoconioses, such as silicosis and ashestosis, are 
contsed omly by dust inhalation; (2) toxie dusts like lead, man- 
paneee o endminm ean produce their effeet as the result of 
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cither bucathing or swallowing dust: (3) nu tal-fume fever is a 
sporaty wabady resulting from inhaling cortain metallio oxide 

I el 1) the allergie reaction or protein poisoning, s 
typihed v hiay fever, is the direet result of breathing pollen 

il other organie substances. Inoall fonr eases dust inhalation 
may b the sole eause of di abihity; only in the ease of toxie 
dnste et mother mode of entranee 

Respiration and Dust Inhalation. 'I'lie lungs are nonsyim- 
metvical biliteral struetures eneased inoa rather elastie cavity, 
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the chest, and they communieate with the nose awd month through the trache 9 0r n}ml;u[v«-. The left Iung has two divisions or lobes sind the right lang has three; the vight lung is about 12 per eent Lueger than the fe i1, 
I the normal adult, the trachen is atube some 1 1o 2 em i denneter and 10 ¢m long (g 10): it s fortified with ringglike cartilage which gives i ostrong and elastie character, At the approxinate level of the fourth rib, the trachea hranches into the bronehi and these in turn subdivide into bronchioles whieh leadd to the terminal nir saes or alveoli, [ is in the alveoli that, as result of tspration and expiration, gas exchange hetwoeen Wood and air tukes plaee. Oxygen is taken up by the red blood cells and earbon dhoxide is given ofl, 

The swmount of ai breathed and the OxvEen consumed vary with the taek performed and with the individual’s size, The rites at which an athletie man of 150 th. breathes are shown in Table 1 

Tame 1 Oxvery Cossg MITION AND Vovume or Bueatiine ny Mant 
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CAfter Mendvrin and Haggard (124 

The ordin wy individnal seldam breathes more than 50 liters peromannte, Ahe high ratos being limited 1o trained athletes, such s ) s tanee runners, 
The fnspieatory '!|.‘i'v\|n|:|'nr'\' phises are not exactly alike, bt practically we may consider each as taking half the tine required for o complete respiratory eyele and we ean ignore the pauses that ocenr at the ginning and end of eqch inspiration. Thus with miinnte volgnge of 50 liters the acfual mspiration js At the vt of 100 )1y per winte and momentanily eather high 
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22 INDUSTRIAL DOST 

velocities oceur in the trachea. The velocity in the alveoli 
proper, however, is practicaily zero at all times beeause each 
alveolus is a dead end. The <light ~urge back and forth with 
respiration must be very close to still-ur conditions. Thus there 
cannot be any driving or high-speed impingement of dust parti- 
eles into the lung tissue. Furthermors, there is no evidence of 
such impingement in the upper passuges where velocitios are 
highest. 

The respiratory mechanisu is not strong enough to withstand 
for long any appreciable pnpediment or resistanee to respiration. 
The museles are eastiy f 1, with resulting embarrassment 
and distress. Praety ining teaches the individual to 
minitize the effeets of the resistanee, but po ofe, strong or 
weak, will perform even the mildest exercise for long if the 
respiratory impediment exceeds a fow inches, wate r gage. This 

faet is of the utmost importance in the design of respiratory 
protective equipment, as will be shown in Chap. X1V, 

The Fate of Inhaled Dusts. A dust particle the size of a 
common pollen grain (15 to 25 &) is likely to be caught in the 
nasal passages or at the hack of the throat. If it should enter 
the trachea near the center line, there is no reason why it should 
not pass on down to the hronehi, but it is not likely to reach the 
alveoli. Collection of such a particle is the result solely of 
chanee impact against the moist walls of the respiratory tubes. 
Obviously such impact takes place most effectively with particles 
large enough to have appreciable momentum and rapidly ceases 
to be effective as the particles approach sizes at which they move 
as an integral part of the transporting gas. Lining the trachea 
and extending down to the lower ends of the bronchioles are 
myriads of eells with whiplike appendages, eilia, which carry 
upward any foreign bodies that chanee to touch the wet mueus- 
bathed linings of the respiratory passages. The nasal passages 
likewise are bathed in muecus and lined with cilia. Al the 
mueus is moving toward the exits of the nose and mouth and ix 
never stagnant. ! 

Within the alveoli are other cells, phagoeytes, which are 
bronght out in vast hordes by the stimulus of foreign bodies such 
as dust particles, which they engalf (Fig. 11). The dust-faden 
cells, which have the power of independent motion, may wander 
off through the walls of the lung tissue inlf!\u blood capillaries 

i 
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surrounding the lungs, or they may pass to the finer bronchioles, 
from which they are removed by ciliary action: thus they eventu- 
ally reach the mouth and are spit out or swallowed. Within 
the alveoli there are neither cilia 
nor nmucus. 

Most of the dust-laden eells, 
however, migrate into the [ym- 
phatics, a system of closed 
vessels running throngh the 
tissue that ~upports the blood 
vessels of the lungs, the bron- 
chioles, and the broucki 
12). The lymph, a watery 
which flows through the lym- 
phatics, has its own circulation. 
It is derived from the bloud, 
into which it discharges near the 
heart. At the various bifurea- 
tions of the trachca and the 
bronchi, the Ilymph passes 
through glands or lymph nodes, 
one of whose functions is the 
filtration of foreign bodies. It 
is at these tracheo-bronchial ~ 
lymph nodes that a great deal 
of dust is deposited by the 
phagocytic cells and it is here . 2 
that fibrosis of healthy lung - 
tissue starts, following quartz- : 
dust inhalation. 

&
5

 
. 

Dust particles can pass from N 
the blood vessels into the lymph : i 
circulation without having been P LN 
phagocytosed (60). Such parti- Fii. 11.—Phagocytic cells containing 
cles then can be picked up by dust. (Courtesy J. Ind. Hyg) 

phagocytes at any point in the lymph stream or in a lymph node, 
the latter being particularly suited to such phagoeytosis. 

Fenn (78) found that all dusts are not phagoeytosed with the 
same lpdxm, he gave cells an equal chance to ingest various 
dusts and found that quartz was awong those least prefogred. 

] 
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24 INDUSTRIAL DUST 

Gardner and Cummings (83) have pointed out that the motility 
or rapidity of migration of cells differs with different dusts. 

PNEUMOCONIOSIS 

It has been recognized for conturies that exeessive dust inhala- 
tion generally produces a serions pulmonary discase which has 
been known in the varions dusty industries as miners” asthma, 
miners' phthisis, grinders” rot, ete. Zenker (260) proposed the 
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Fu.. 12 —Position of lymph nodes in relation to the trachea, the bronehi, and the 
pulmonary artery. (After Gray's Anatomy.) 

general name prevmonokoniosts (a lung containing dust) in place 
of the special names applicd to certain industriex. Recently 
this has been shortened to prewmoconiosis (134). The word 
originally implied that the lung had been seriously damaged by 
dust—enough to cause disability—but the meaning has been 
broadened in recent years to inelude all pulmonary manifestation 

of dust inhalation, whether the dust is injuriows or harmless. 
Silicosis and ashestosis are today the most important forms of 

puenmoconiosis. Other terms such as silicatosis, anthracosis, 
siderusis, ote., have been given to milder furmipf the dizease and 

\ 
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doubtless others will be added as studies of the dust problem 
progrr‘.s'sl. 

Silicosis. For reasons still unexplained silicon dioxide as 
quartz (free silica) produces the worst form of lung fibrosis. The 
American definition of silicosis (3) states that it is a “disease 
due to breathing air containing silica (8i0.) characterized 
anatomically by generalized fibrotie changes and the development 
of miliary nodulation in both lungs, and clinically by shortness 
of breath, deereased chest expansion, lossened capacity for work, 
absence of fever, increased susceptibility to tuberenlosiz, , . . " 
The International Silicosis Conference at Johanuesburg in 1930 
defined silicosis (133) as a “pathological condition of the lunz- 
due to the inhalation of free silica dust. It can be produced 
experimentally in animals. It can be detected by clinieal and 
radiological means, which can be confirmed with the above 
pathelogical condition with sufficient accuracy tg separate it 
from other pneumonoconioses. It also affords a Ruir basis for 
legislative measures.” 

A recent note in the Journal of the American Medical Associa- 
tion (140) states that: 

Only silica (Si0-) is capable of inducing silicosis but any other mineral 
dust under conditions of prolonged exposure and gross expusure may 
cause some increase in pulmonary fibrosis. If the relative potential 
harm of silica is rated as 100, these other nontosic mineral dusts may be 
rated only on the order of 3 or 10 Morcover, the fibrosis is in itself not 
pathognomonie, since many other dusts. alkalies, acids, or vapors may 
induce somewhat similar if not identical X-ray markings. 

In his summary of the situation in South Africa, Watkins- 
Pitchford (247) wrote in 1927 that dusts other than silica could 
“give rise to such nonpermanent and relatively harmless condi- 
tions—one can hardly call them diseases—as anthracosis, 
aluminosis, siderosis, ete.” 

In general, the damage done in silicosi= (and asbestosis) is 
permanent; an unalterable tissue change takes place in the lungs. 
Of prime importance is the fact that prolonged exposure to these 
dusts results in a greatly inereased susceptibility to tuberenlosis, 
more so from quartz than from asbestos. Gardner has shown in 
the laboratory the great importance of this fact which h: long I 

been fecognized in industry. Deaths from uncomy ated lung 
fib mt«.\l by dust are infrequent. 

I 
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26 INUDUSTRIAL DUST 

Free quartz possesses a unique eyvtoeidal power; it kills phago- 
eytie cells, the physiologieal ~oas 
dust load in situ. The dust ¢ 
picked up again and the kil 
surrounding tissue then b 

gers, which then deposit their 

dropped may or may not he 
cell is said to mummity. The 

i~ to fibrose and to appear more or 

V
e

 

l.'m. l.l.—-."llx--u!u.' Lsolared silicotie nodules above: fine nodules helow, (After 
Gardner; comrtesy US, Public Health Scrviee.) 

less stringy, as is shown in Fiz. 13; <uch a fibrotic nodule contains 
dust particles identifiable chemically and petrographieally. 

Characteristies of Silicosi=. For the convenient diagnosis of 
silicosis or of silicosis complicated by tubereulosis, the pulmonary 
eondition is usually placed in one of three stages. In the first 
stage, the disease does no measurable harm (and produces no 
disability). The vietim can work just as well as ever. But as 

ix condition progresses to the sccond stage, his respiration is 
cetend; he i bothered by dyspnea or Ehored breathing, If his 
st exposure continnes (and often even if he is kept ot of dusty 
), heis likely to reach athird stage in which dy Presn hecomes 
rere and he is likely to contract pulmonary tul»; culasis, gener- 
v with fatal results. Whethier be contracts tubfireul ~i.~'ur not, 
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the advanced silicotic is far below normal and is inordinately 
susceptible to all respiratory diseases (44). 

Each of these three stages of silicosis is diagnosable by X-ray, 
provided a reliuble case history, including dust exposure, is 
available. A comparison of the X-ray plates of a silicotic with 
those of a normal person of like age and physique shows, in the 
first stage, distinetive shadow s, evenly distributed in both lung=. 
These may be mis=ed or misinterpreted by any but an expert: 
but even to the layman the chunees in the sceond and third 
stages are obvious. 

Fic. 13a.—Barre granite eatter. Two isolated silicotic nodules. Cellular 
connective-tissue borders and hyuline fibrous centers. Thickened interiobular 
septum extending upward to the left of the right nodule. Note dilated lymph 
vessels in septum. (After Gardner; courtesy U.S. Public Health Scrvice.) 

When silicosis first came into prominence in England, then 
in South Africa, and later in the United States, the cases described 
and the N-rays published featured advanced cases, often com- 
plicated with tubcereulosis. A comparison of the X-ray pictures 
with those of normal chests showed striking differences that 
could not be missed by anyone. Granted that the layman might 
misinterpret what he saw in the X-ray, he could not miss the 
differences between the dusted and the normal chests. Today 
those cases would probably be called “third stageTM in the 
American nomenclature. : 

The advanced third-stage silicoties described by Lanza (127), 
giter&in 

it 
by Pangoast and Pendergrass (196), and by carlier 
South friva“uul in England scem to be disappeari 
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United States, and in their ~tead are being featured in the litera- 
ture the cases more difficuit to Jiaznose, which so confuse the 

- layman. There is no doubt at all that the rapidly fatal third- 
stage silicosis has virtually been eliminated in the South African 
gold-mining district (133). 

Silicosis and Duration of Ecpo<ice. Silicosis may not become 
disabling until ~ome years erodust exposure has ceased. 

" Watkins-Pitchford (247) gives examples of Welsh miners who 
passed the physical examination for enlistment in the British 

; y, fought through the World War, then came baek to England, 
diedd of silicosis. Britton and Head (29) give more detailed 

espples of similar latent efeers in the United States, 
e length of exposute nevess oy 1o produce silicosis s been th jeet of a good deal of controversy in the past, ‘u Great 

Britain, Bridge (28) gives the following table: i 

TARLE 2. —SILI0sIS AND AsnEsTOs:< 1v GrEaT Bwray, THrRovGH 1934° 

l Duration of 
Numher Averuge employment, years 

of | ageat | 
deaths | death | Maxi-! Mini. | Aver- 

| ‘ mum ll mum | age 
| . R S 2| 554 |60 lz.s!u.s 

Silicosis with tuberculosis 313 525 (6&T.0, 20 ‘ 320 
AN .o < oo ek vinis- sy AT 41 41.0 (270 1.5 12,9 Ashostosis with tubereuloss 20 ; 330 200 g 0.5 , 929 

' Mier Brdge. 

Harrington (106) of the U.3. Bureau of Mines has assembled 
the data on length of exposure required to give definite silicosis; 
these show very clearly that first-stage silicosis may develop in 
as =hort a time as eight mouth~. Among foundry workers where 

silicosis risk is low, McConnell and Fehnel (178) and Pope 
) found first-stage silicosi~ only after long employment. 

. in severe quartz-dust expo-ure, where cases may oceur in a 
tter of a few months, the condition is very likely to progress 

to become complicated by tabereulosis whether the man 
ves his dusty oceupation or not. Thus the length of exposure 
t will produce the discase varies with the wogking conditions individual susceptibility. § tm 
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Silicosts and Tuberenlosis. It is well-known that the tuber-u- 
losis mortality in the dusty trades is high. Collis and Yule 44 
TasLe 3.—ResPiaTORY Di<gases 1x Pegsoxs Exrosgo 70 Sivtea Dust 

Ratios of mortality to that of standard 
poputlanion as 1000 

Aze 
Respiratory All ather 

diseases iseases 

20 1202 T4 
25 1334 1033 
35 220 it 

3 | 3628 1474 
35 1204 155 
20-65 3007 | 1300 i 20-65 ) | L 

showed that the mortality from causes other than :Lspirarory 
diseases is also significantly higher for persons exposed to silica 
dust than for those without 
such exposure. But their 
figures for mortality from 
respiratory diseases (Table 3) 
are the most striking. 

The experience of the 
Metropolitan Life Insurance 
Company (139) supports 
Collis’ and Yule's data (Fig. 
14). Starting at about the 
same level, the statisties for 
industrial males show a rapid 
increase in the mortality rate 
with age, reaching 2 maximum i 
at 45 to 54 ycars. At this 
point the death rate is more - 
than three times higher tlf:m LS ”.“”n.ci: 
;l:lzng the honl‘ilmry poliey g [l;:‘ _h-ru, e _4"_‘::‘ :, e 

ers with the company 1931 th rates per 100, hite 

and one and one-half times .?:"‘:'z:,‘::.mm‘,:";"h"' o 
the rate for males in the 
UnitedfStates. It is true that dust is not the only gdu 
factorghat é.utributvs to tuberculosis; there are othef en: 

] 
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50 INIA STRIAL DUST 

menta! conditions of grear importance which aet to raje the death rate for industrisl corker<. ompared with female industrial workers, however, i waldes, who are more generally employed in the dusty o - ~how a much higher tuberenfosi< death rate in the later vears of life, 
The importance of the dier hazard, in its effect upon both the tuberenlosis death rate and *be death rate for all eanses, is shown in Table 4, in which are Fthe number of setual vases and the uwmber of expected oo Dased upon general experience) among workers in the <ot trades. These data, whicl) ) sent the combined experience of twelve life insurance Irompanies, show exeess v LY varying from 114 to 430 per nt of the expected rate atses and from 103 to 1833 per it for tuberenlosis, [ o 3 the mining, qua ying, and weadressing operators show o higher hazard than fhe general manufacturing workers, ¥l 

Disability from Dust Inialation, There i< no medical or social reason for branding 2 1 .an with first-stage simple silicosis as disabled. Both industry wnd the man are done serious harm; the man is prevented from seeXing gainful oceupation, for no employer wants to hire a man whom the courts or the compensa- tion boards have labeled s~ unfit or partially unfit. The employer, by hiring <uch 2 man, opens the door at once to suits involving the slightest miskap to the disabled. 
In the Briti<h Empire, where silicosis Iegislation has been in foree for <ome years, ouly the man with advanced silicosis, simple or infective, is disabled. Men with early, simple silicosis are not disabled, nor are they a nienace to their fellow employces. The mere fact that a barely pereeptible X-ray change is visible to the expert roeatgenologist is not ground for elaiming disability sinee most people over forty ~how ~ome chest changes. 

In the opinion of the special Industrial Discase Commission ~of Massachusetts (173), it i« orly when tubereulosis has become superimposed on silicosis that the vietim becomes disabled or 
menace to others. Thus a man with early, <imple silicosis is disabled and <hould not be prevented from working, an fon seconded vigorously i the Saranae Silicosis 3ymposinms (211). In Canuda the worker with situple silicodic 'u\nut refused her employment. The industry is enabled, By <onsible legis- : manizul 

P 

to continue employing the wan, and 
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32 INDUSTRIAL DUST 

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

In the ease of a first-stage silicotie without tubereular infeetion, 
there is no method, as yet. for determining his lessened efficiency. 
The lung change, if any. czused by his dust inhalation is too 
small to measure. 

MeCaimn and Hurtado 1770 have estimated disability from 
lung fibroses of various origins but have not yet suceeeded in 

i~ ~simple enough for routine use by 
we examiners, and the like. Their 

~imple measurements of respiratory 

developing a method tha 
compensution boards, ins 
procedures invelve var 
funetion but they have not cstablished any methods of detecting 
fibrosis which are were sensitive than the present X-ray 
examnaton 

Of course, industry wouid welcome a d'mgnu:t routine for 
detecting carly harm from dust or, better, for fordeasting harm. 
No such method i available and it seems fruitless to expect 
such help. The puenmoconioses are not diagnosed until harm 
is dlemounstrable by Xeray. 

Collis (42) has stressed the difference between the age group- 
ing= in pulmonary tubereulosis and in silicosis, with or without 
tubercular infection superimposed. Tuberculosis is most preva- 
lent between the ages sixteen to twenty-four, while silicosis rarely 
beeomes disabling until later in life. Inasmuch as a good many 
years of dust exposure are required hefore the average case of 
silicosi= (or asbestosis) becomes evident, it is obvious that it is 
not likely to be acquired early in life. However, there is an 
epidemiological side to the question which is of great importance 
and it is that which Collis especially emphasized. The average 
healthy individzal has acquired a fairly effective immunity 
or resistance to tubereulosis. His chest Xeray is likely to show 
one or more healed scars or fibrosed areas from tuberculosis. 
Such an indiviiual, Cummings emphasizes (211), is a better 
silicosis risk than the man who shows no evidenee of past exposure 
to pulmonary tubereulosis. Consequently it is wise to select 
for dusty jobs :uen who wme past the age of fofl) ;lnl not young 
men just taking up a trade 

Asbestosis. The X-ray mvtun‘ of the typi l ashestotic chest 
is confusing to % layman. The effect is d h‘d as a diffuse 
ihmcis. Chara teristic silicotic nodules a ahnflt and even 

LA 
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the eqx‘rt roentgenologist withholds his diagnosiz until the case 
history is complete. 

The pathology prodiuced by asbestos is not like that of silicosi<. 
The asbestos fibers group about the neck of an alveolus and ~hut 
it off, causing what is known as atclectasis. There is no definute 
migration or transportation of the dust particles to the lynph 

-nodes and no formation of the fibrous nodules as shown in 
Fig. 13. As the atelectatic areas increase, the reduction w lung 

it 
. 

L — -~ 

Fia. 15 —.\:Imwubodmummn ({flnfll—a-(‘&).mflm.f ln-l H.z) 

area causes serious dyspnea or labored breathing. Lanza (158) 
suggests that the enlarged hearts noted frequently in his eases 
of second-stage asbestosis may be the result of the increased 
work of the heart resulting from this condition; it takes more 
work to pump blood through the atelectatic than through the 
normal lung. } 

In silicosis it seems to be a general rule that, after a 
point, the victim'’s condition grows worse even if his dust 
has ceasgd. t Wood and Gloyne (238) state that t 
seen patfents with asbestosis “whose condition a 
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remained stationary sinee <topping work in the factory,” but 
they advise definitely that the a-hestotic individual be removes] 
from hix dusty ivh. Merewethor (183) and Lanza are less certain 
on this point. 

Asbestosis Bedies. In the lungs of patients who dicd aiter 
prolonged exposure to asbesto< dust and in the sputtim of men 
with constderable z-bestos-di.- exposure are fonwd what first 
were called cnrrons bodi s apn ashestoxis bodivs (Fig, 15) (73). 
While somewhar <imilar bodies ceenr in the lungs of coal workers 
and even of nornial per-o ~ admitted that ashestosis bodies 
in sputum are charaeteristic of 

| vonsiderable diagnostic wiizht o their presence, 
l in Animals. Silicosis has beon produced 

sperimentally by guarez do-ting guinea pizs, rabbits, mice, 
ts, and domestic fowl, thus emphasizing the s;-(-ifirily of 

ashestosis. Stewart (223) gives 

z dust to bivlogical tissue, In like manner ashestosis has 
produced in experimental animais. | 

The Equidae, such as hor-e< and mules, apparently are not 
suseeptible to ordinary pulmonary tubereulosis but there is no 
reason to believe they have any special immunity or resistance 
to silicosis. The normal silica content of horses’ or mules’ 
lungs is not known but it would seem wholly reasonable to use 
the lungs of animals which have worked 3 to 13 years underground 
in mines as phy-iological du~t samples. A brief report on this 
subjeet was published by Haynes (121) but data such as one needs 
are singularly lacking. 

TOXIC DUSTS 

Puisoning from inhaling toxic dusts is much more likely 
than poisoning from swallowing them. Dusts that reach the 
lungs may pass dircetly into the blood stream, thenee to the heart, 
and immediately be pumped all over the body. Distribution 
to all the body tissue is thu< brought about rapidly and effec- 
tively. But dust taken in with the food goes to the stomach 
and the major part pusses out in the feces. Some is picked up 

+ by the portal blood circulation and noves on to the liver. That 
“portion which canses poisoning must first pass through the liver, which is an effective filter and detoxifier; only hc‘xan it enter 

he general cireulation. ; 

T —— e e . 
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The practical significance of this physiological distinetion 
between the two ports of entry of dust is considerable. Hamilton - 
(103) states, 

A great deal of money has been wasted by well-meaning emp! wers 
who sought to protect lead furnacemen or oxide roasters or white lead 
grinders aguinst poisoning. by providing baths and lunchrooms and 
clean overalls and mouth washes and such. instead of preventing the 
escape of lead into the air the men were obliged to breathe, and unior- 
tunately this has sometimes been done under a physician’s advice. It 
must never be forgotten that the great mujority of industrial polsans 
enter the body with the inspired air and that while a workman eats only 
three times a day he hreathes sixteen times a minute durizg the eight or 
ten hours of his working Jay. 

Goadby (8S) found that cats dusted with lead acquired lead 
poisoning more easily than did a control animal whichwas fed over tew times the total lead dosage for the dusted &:‘malfi. 
Drinker and Shaw (61) showed how efficiently the liver removed 
foreign dust particles injected into the blood stream. Minot 
(188) emphasized the much greater danger of lead poisoning 
from inhaled than from swallowed dusts. Blumgart (24) showed 
that the absorption of lead directly in the nasal passages wius 
rapid and might be “of a magnitude far in excess of the minimal 
dose by mouth.” 

All this experimental evidence confirms the view so often 
expressed by the late Sir Thomas Legge (162), but which is only 
now beginning to be accepted, namely, that there is far more 
danger of being poisoned by inhaling toxic dusts than by ingesting 
them in food or drink. 

Metal-fume Fever. Of interest in connection with the breath- 
ing of dusts is metal-fume fever, a transient noncumulative 
malady that results from breathing rather heavy concentrations 
of metal fumes like zine oxide, copper oxide, magnesiu oxide, 
lead, probably lead oxide (227), and manganese dioxide. 

About 2 to 8 hr. after a heavy exposure to the well-dispersed 
metallic or metallic-oxide fumes, the vietim experiences chills 
followed by fever like that of malaria or the protein reaction 
following a typhoid inoculation. The patient’s fever u\afi_ reach 
uncomfortable heights (we have recorded 104°F.) and the next 
day he T debilitated bat generally can go to work. | Wig 
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" INDUSTRLIL DUST 
the fever goes an inerea<ed white-blood-cell count or leucocy tosis 
like that experienced in any infection. By 'the next morning the 
fever has abated but the Lcoeytosis persists (Fig. 16). Then 
the vietim i= fairly immune; generally he can take another 
inhalation without expericnring a <econd attack (70). Inindus- 
try it is a commonplace that attacks on successive days are 
unlikely. 

The eanse of this peeuli 
of protein material which 

salady is probably the absorption 
iits from the action of the inhaled 

”S'_ms 15000 
381005 | 13020} = 

{100 H 
575-995 | oo} 

377385 | 9000}e"- 80002 
98 “r~e {7000 3651 g1 | 7000} ve-, o aooog* 

o= 15000 
5002 3 8 16 24 32 20°0%0% 

Hou=s After Inhalation 
Fia. 16.—A typieal artack of mersi-fume fever, showing inerease in leucoeyte count. bady temperature, and drop in viral capacity. Note that fever abates l’l;lu'f the white count returns 1o normal. (After Sturgis et al.; courtesy J. Ind. 
9. 

fume particles upon the tissue of the respiratory passages. In 
our own experiments we fourd that the chills and fover were 
acquired far more easily if oue took a few deep breaths at a rate 
of say five breaths per minute than at the normal rate of twelve 
to fifteen breaths per minute. Slow, deep breathing insures 
penetration into the alveolar «; aces, q 5 

Electric or acetylene welding in a confined space may generate 
metal-fume concentriations in excess of those used by Lehmann 
or Drivker in studying metal-fume fever, present there are 
no data on the effects of bLreathing dense Tltmlious for 
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prolonged periods. There is reason to believe that the effects 
of heavy concentrations would be more severe than the ordinary 
metal-fume fever reaction (233). 

ALLERGIC REACTIONS 

An undetermined number of organie dusts produee allergie 
reactions like hay fever or specific kinds of skin reaction— 
dermatoses. Sensitivity varies greatly and unpredictably with 
the individual. The manifestation may take the form of a 
bothersome dermatitis or again may be a true poison in the 
commoniy accepted seuse. [t is unnecessary for the offending 
dust to reach the depth of the lungs—giant-ragweed pollens, for 
example, which are unlikely to reach the alveoli, undoubtedly 
can produce their effect after being caught in the lk&pflr respira- wrjrpnssagcs. Should the offending substance be fnely ground 
(e.g., broken-up pollens), it would reach the alveoli and as a 
result probably all physiologic reactions would be accelerated. 

Landis (157), whose contributions to the field of pulmonary 
tuberculosis and pneumoconiosis are notable, stated of organic 
dust that it “never produces the condition known as pneu- 
monokoniosix. That some organie dusts give rise to protein 
intoxication, such as asthma, threshers' fever, ete., is known.” 

THE DUSTY TRADES 

Owing to the lack of occupational and mortality statistics 
on silicosis and other dust diseases in this country, it is impos<ible 
to state accurately the number of men exposed to injurious dusts. 
Hoffman (129) estimated in 1918 that there were approximately 
4 million workers engaged in dusty occupations but of these ouly 
1.7 million were exposed to metallic and mineral dusts. Recently 
Van Siclen (244) prepared the following estimate of the number 
of men in various industries exposed to dust capable of producing 
silicosis (Table 3). i 

Lanza and Vane (159) carried the study further and 
mated the number within each industry actually to 
silica-bearing dust, whereas Van Siclen simply gave 
number employed in each industry. The data in T 
compiled f the figures given by Lanza and Vane, 
out thaf in atldition to these there are “thousands 
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Taste 5.—Ncvuser or Mex Excace « e Bl ) Bt vire, (3lons ox L‘_““' I“_‘:’:“ f:‘?\‘!‘:“? :;)r:s;l:mnu who have been expo'«} to silica dust in these various occupations 
Poniera T g and are now engaged in other forms of work.” 

otal Exposed cge o . g R i T § " 
Metal mitune. ) s Silicosis occurs in other industries as well as those listed above. 
Nonmerallic mining, o tise tresiitel it foocnlith L Among these may be mentioned bituminous coal mining, rock 

etk tton A o i e - 
'“""."’"""‘ o b ; = 23 663 excavation in connection with building and highway construe- 
lin::::::::‘.::::: :"‘:: o swhengronnd. ..., 10 513 tion, and various public-utility jobs. The total nwmber of men 
Anthracite m,,;,,,,_._ ¢ 8 219 engaged in these miscellaneons industries is put by Lanza and 
Anthracite munmng, in * washries l” |::: Vane at 2,000,000, of which at least 5 per cent are said to be 
Smelting, nonfverrous o' oo . 13166 exposed to silica dust. Hence, one must inerease the estimate 
-("lnclznl:u.;.-rm.u plaznte 24 ool in Table 6 by 100,000. Thus, the number of men exposed in 

i .\:":;:'I“';’:"_‘";bh' 33.36% United States industries to harmful amounts of silica dust is 
it Abeasive imdostry ; :‘_)'; appl:uxim:m-ly 500,000, ) 

Clay products G .‘3‘ We have no estimates of the number of workers exposaid to 
Cutlery ... 1 ”._"' asbestos dust in this conntry. In England, with an industrial 
g:","“""'j““""“‘| e . 557 population about one-third that of the United States, there ate 

‘ Homm e;;»::et":xnir '.h' her stone prnlucts. . . 715 approximmately 2200 asbestos workers (184).1 
Bt ol el ““‘ """ PRS- o o B Dust Concentrations in the Dusty Trades. Cleah country 
Mineral fertilizers - - o f’g';‘:‘; air contains as little as 0.1 to 0.2 mg. of dust per cubic meter, a 

. Minerals and earths, 0000 s . 1.679 large portion of which is organic martter. The concentration 
N‘mw ludm' - " pr.-.hu ... TD.183 : varies with meteorological conditions and with human acrivity. 
i PRSI WA . 2. .. o 5 33.400 In manufacturing towns it may reach a level of 2.0 mg. or more. 

4 Sidnpaed Froes Vs Sivten. - e The air within a modern air-conditioned building ~hould not 
exceed 0.2 to 0.3 mg. per cubic meter regardless of the concentra- 

T £ tion outside. In industrial establishments the dust concentra- 
ABLE 6. ~EsTiuTeo Nvsner oF Mex EXPOSED T0 S1LIcA-nEARING Drst tion varies enormously; it will be less than 1 mg. per cubic meter 

Ny Varors [ ¥ pe 
ety b in a well-controlled plant and over 500 mg. at the working face 

! Pesenting ¢ of a mine in which no dust-control measures are employed. An 
Process Coofall - Number explosive concentration of a dust like wheat flour is about 10 

.} employery | Peed to 15 grams per cubic meter. A dustiness of this concentration 
Metal snining i ; is very unstable because the suspension settles rapidly; an 
Mwm ool o I!; 52 000 explosion usually follows a disturbance that jars dust off rafters 

Quarrying of granite, ganister, sat ftuen e, 100 :;:: lndotlmd'm-ea.tchmg surfaces so that momentarily an explosive 
:-"'-llfll"flw ) 100 15 000 concentration exists. et . L 3 

";‘.‘*7 workens ... L % 100 | 200.000 Because of the great variation in dustiness in industry, it is 
+ Glussworks, stone products. .. B im summarize completely concentration values for Grinders, buffers, sand blasters, vitrans enan- ' i possible to ple )_ 

................ - i ! ¥ 62,000 1 Since writing the above we have seen a statement by La h—- a 
.":-.Mf:::'“l o :""‘ miniviz, userying, and ‘ paper ted on June 13th, 1935 at the Atlantie City M of the 

W Wiatvios : 1ol 430 000 ican M Association to the effect that about 10,000 
* Adapted frum Lanzs and Vane. : exposed os dust. McPheeters (in J. Ind. Hyg. and 

l 1936) stgies thgt 9237 persons were exposed m 1929, 

.. 
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40 INDUSTRIAL bUSsT 
the dusty trades. Figures are available from many countries but these are not directiy comparable with one another because the dust-sam_nling instrun t~ and methods of determination are not alike, In tabulating publi-hed data, thercfore, we have been limited to figures for American industries which were determined by the impinger techniqu:, using low-powe v light-field illuming- TasLe 7.—Averaoe Dusr Covyt 1x CErTay Dusty Traves 

Indesse ey 
3 Slate-finishing mills: 

Floormen 
Lovaders 
Disx crushoer Oper 

Crushers and exlinder oy 
Packers . 

Marble carvers 
Marble cutters. 
Granite quarrving: 

Levner drillers. ; 
Jackhamer drillers. 
Plug drillers = 

Cement mill, average of all operations Grunite cutring: 
Hand-pneumatic-tool operatives Machine-preumatic-too] operatives Attendant lahor 

Anthiracite coul mining: 
Mining and miners’ belpers 
Attendant Labor 

Bituninons coql mining: 
Coal cutters and coul I, wlers 
Attendant Libor. 

Silverware manafaeturing; 

! Nondusty processes e B Municipal dust | street eleaners - 
Congested districr 
R«xi-h‘minl distriet 

Cotton ndustry : 
Canding room. . - 

Dust Count in 
Millious of Particles 
perCubic Foot of Air 

1593 0 
4276 0 

312 8 

159 8 
4408 
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TasLe 8.—Drst CoNCENTRATION 1§ CERTAIN INpustries; Goop axp Poor 
Praxts Comeirep 

Dust concentrat; a 
M per cubie fone 

Control Quartz, Industry and provess messures PETCERINRe | \tasic Mini Aver. 
mum mum e 

Sand 3 S0y s piou e Fair ventilatinm Griading . Exhaust veatdation 
e 

! None el - Exhawr ventilation 
fa 

. Exhaust ventdation Bazaing ey - 
Abrasive b et eune 

anda room Averase ventilatiun tade room 

el 1 
rrel | Fair masntenance able . Puor mantenance Table . Fair mantenance Cabinet . - .| Poor mai:renance net. . | Fair maintenance Artificial abeasive or ateel: 

Inside room +oooo o Averaze ventilation Outside rovm . ... <+ Average ventilation Harrel . L Average maintenance Table doe dya iy d3 I Average mantenance Cabinet Average maintenance 
k drilling and handiing n«‘-Op'-' u’:‘ ation-dry dl’lll-| o 

' Wet drilli Good exhast Bood ! 
ol 

@0 
Wet drilling . 

" o 54 109 ..‘"‘&“k.'fi.;wl o 46 1.7 é; 
B -l ot e & Metal grinding - $0-935 230 . ’ %0 one wheels ... ... | Wet grindine ... . o .3 ' Se 

"""" 21 02) ‘o7 Foundries. | l O i LI BT X bt e (8 8 i Core niaking : a3 13 | 3 -‘l [ ] 22-17 
o Ll 

Facing vulls . v o 2608 |32 g E B | 9 [ 51 8 
160 2 2 
83 2 20 
b 1 17 

273 4 19 

L ' 4 7-3 
s 1 g3 

43 3 
o7 3 
13 L3 

! Figures in this column are for plants with &ood dust-control equiptuent. 
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12 INDUSTRIAL DUST 

fron (page 117 The datacin Table 7 (I8) summarize the results 
obtatned in the dust studies eondueted by the U.S. Public Health 
Servicee 

In Table 8 we have hrought together other data from published 
and private reports, An attempt has been made to indicate the 
tange e dustiness as well as the average figure and (o show the 
ditference between the conditions in good and poor plants. These 

charaeterized by the wide range in dustiness exhibited 
by o single proces v by the variations between good and poor 
plants, and by the varintions from on mdustry to another, 
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