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RESPIRATORY DISEASE: AN INDUSTRIAL HAZARD.*

A. T. DOIG, M.D., D.P.H,
H.M. Mecedical Inspector of Factorles.

Until comparatively recently, the term respiratory dust disease was
commonly thought of as comprising little more than the two well known
diseases, silicosis and asbestosis. In the Jast decade, however, there las
been a general appreciation of the fact that the field is very considerably
wider. Dusts in industry may be classed quite simply in accordance
with their origin, animal, vegetable or mineral. Their actions however
are much more varied and complex. Animal dusts are generally in-
nocuous ; occasionally they may cause sensitization eflects, and they
may also carry infection. Vegetable dusts too are usually of low patho-
genicity but they are more liable than animal dusts to cause pulmonary
trouble. They may produce acute sensitization effects, or acute or semi-
acute lung irritation and lung infection, or chronic broncho-pulmonary
disease. Mineral dusts are the most important group as regards industrial
respiratory disease. Some of them are locally caustic, producing irritation
of the upper respiratory tract even to ulceration and perforation of the
nasal septum ; others irritate the bhronchi or the lung parenchyma pro-
ducing atypical forms of pneumonia, and some have long term effects
resulting in chronic changes in the lungs—diffuse in the case of asbestos,
focal in the case of silica. Some have a carcinogenic action, some produce
granulomata, and others appear to be able to lie quite inertly for long
periods in the lung tissues without producing any permanent reaction
by the tissues.

MINERAL DUSTS.

The Pnewmoconioses. Pneumoconiosis means ‘ dust in the lungs’ and
does not necessarily imply either organic lung change or disability. A
distinction might be drawn between the fibrosis-producing dusts and the

* Based on a lecture delivered to the Royal .\red'ico-Chimrgical Saciety of Glasgow
on 25th February, 1949,

230

——n v b & e

cm——




AL JOURNAL
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diminish its activity in the lungs and this has been found to be so. Kettle
in 1032 found that particles of silica which were coated with fine iron
particles became relatively inert, and later in Canada in 1937 Denny,
Robson and Irwin showed that this property of diminishing the solubility
and therefore the activity of silica was held by finely divided mietallic
aluminium. In their experiments they showed that even the admixture
of 1%, of aluminium in quartz prevented the formation of nodular fibrosis
in the lungs of experimental animals. This work has been confirmed by
other investigators and it is now generally accepted that in animals at
least, finely powdered aluminium (or aluminium hydroxide) has a very
marked action in reducing toxicity. Naturally trials have been made in
men—both in normal men who are exposed to a silica risk, to try to
prevent silicosis, and in sufferers from silicosis in order to try to alleviate
the condition. It will be readily understood that, in regard to a disease
which may take 20 years or so to develop a similar period or longer may
he required to ascertain the value of any preventive mneasure. Contrclled
trials are beirg made in this country and abroad but it is too early to
speak of results.

Theintroduction of aluminium dustin treatment was followed byawave
of enthusiasm—based entirely on the patient’s own story of subjective
improvement. At present, this wave of enthusiasm seems to be abating
somewhat. It seems rather a strain on the imagination to picture the
resolution of fibrotic nodules and emphysema by the inhalation of more
dust. Furthermore before advocating widespread use of the inhalation
of aluminium in man it is necessary to ascertain that at least it will not
do any harm—and about this there is no certainty. Experiments in
animals have suggested that aluminium may favour the development of
tuberculosis in the lungs, and several reports of lung damage from
aluminium itself have been reported, ¢.g., from Germany. Recently a
tvpe of pneunioconiosis has becn reported in certain furnace workers
exposed to volatilized fumes of alumina (Shafer & Riddell, 1947). An
unusual feature was a liability to spontaneous pneumothorax, although
this had already been noted by some of the German workers (Goralewski,
1940 & 1941 ; Goralewski & Jager, 1941 ; Jager & Jager, 1941 ; Jotten
& Eickhoff, 1942).

A further interesting obscrvation about aluminium was made recently
by Meiklejohn and Joues (1948). Pottery used to be bedded in powdered
flint during its firing but this dangerous practice has now been prohibited
by law. Meiklejohn and Jones report having examined 52 workmen who
had used flint for many years and thereafter alumina also for several
vears, Although the amount of alumina that these men inhaled daily
was much greater than could possibly be inhaled by existing methods of
aluminium treatment, not only did known cases of silicosis advance
but new cases occurred. This does not of course condemn aluminium
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obtained by comparison with the rest of the country (I'letcher, 1048).
"'ie total number of cascs in South Wales is approxiniately 7 times that
of the rest of Great Britain. As there are about 6 times more miners in
the rest of Great Britain, this means that the incidence is more than
40 times greater in South \Vales.

Focal Emphysema. There have been considerable advances in our
knowledge of the effects of coal-dust in the lungs, due mainly to the
work of Gough and his co-workers in Cardiff (Gough, 1847 . Heppleston,
1947, etc.). They have shown that the essential lesion in the pneumo-
coniosis of coal workers is quite different from that of silicosis. In both
diseases the dust has a focal deposition, mainly in the lymphoid tissue
about the bifurcation of the respiratory bronchioles. In silicosis fibrous
tissue is Jaid down in excess of that required for simple shutting off the
dust aggregation from the rest of the lung, and it has a characteristic
whorled appeatance. In early pneumoconiosis of miners examination
shows merely deposition of dust in these Iymphatic aggregations, without
tissue change even in cases showing x-ray reticulation. Later a little
fibrous tissue is Jaid down, and the nodule retracts slightly ; the fibrous
tissue is not, however, obviously excessive and is not whorled. It may
be said that this is merely a difference in degree depending upon the
amount of silica in the dust inhaled. However, accompanying this slight
retraction there occurs a well marked emphysema in the air cells im-
mediately adjacent to the nodule thus forming a focal emphysema
throughout the lung. This is a fundamental difference, for emphysema,
fo1 some reason that we do not know, is a relatively minor change in
relation to the silicotic nodule while it is the most striking lesion in
relation to the coal nodule. Curiously also it does not seem proportionate
to the degree of fibrosis.

A further change one mects with usually in more advanced stages of
hoth silicosis and miner's pneumoconiosis is called massive fibrosis. The
x-Tay picture is striking and to some extent typical. At first the shadows
appear to be formed by a coalescence of the typical granviar mottling
of the generalized dust lesion, later they form compact homogeneous
masses—usually apical or subapical but sonietimes in the mid zones, and
urually niore or less symunetrical. The nature of this change is not
understood and is the subject of considerable controversy. Is it due to
increasing fibrosis drawing the collections of dust nodules closer together;
or is it due to infection? Fletcher and others appear at the moment to
favour the infection theory. Their evidence appears to me no more than
suggestive—briefly—increased sedimentation rate in cases of massive
fibrosis, higher in the more progressive cases ; in later stages, temperature
and rapid deterioration ; and the association with tuberculosis which
though its presence cannot often be proved during life is no! infrequently
found at death. One has also to remember that some worhers, notably
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and thelr colleagues describe the post-mortem appearances in detail in 5 coses
followed up to death. In the first 4 there was absolutely no fibrosis. 1n the last
case (Harding, 104%) there was 4 minimal amount of fibrosis of the * reticulation
type—not at all like that produced Ly silica. Harding thinks that in this casc
individual susceptibility may have been of importance, but there is always the
possibility that the iron dust at some peiod of the man's long working life—over
40 years—may not have been pure and may have contained silica or other fibrosis
producing constituent.

3. Statistical. The Repistrar-General in his Occupational Mortality Supplement
shows that in 1931 in the group of welders and burners, numbering 11,542 in England
and Wales, there were only 123 deaths compared with 161 expected on the basis
of age-rates of all males Unfortuncately no more recent figures are aviilakle. I
lave. however, collected from various fictories information regasding the sickness
absence of welders in relation to other workers and find that welders are favourably
placed compared with other groups, not only for total sickness, but also for res-
piratory illnesses 1 have been asked to consider these figures as confidential and
therefore unfortunately they cannot be reproduced here.

Collen ¢ al (1944) give rcliable evidence about pncumonia in welders
in an analysis of the sickness rates of the 90,000 workers in the Kaiser
Richmond shipyards in America. They found that there was no increased incidence
m welders. Collen, in a later article (1947) confirms his earlier findings saying that
the annual incidence, death rates and case fatality rates for welders were similar
to all other shipyard workers, and that the cases were similar in severity, reqmred
the same number of davs for treatment and showed no difference in the incidence

of complications.

4. Radiological. The presence of pulmonary fibrosis in and around dust
Agrrepations cannot be diagnosed from an examination of single x-ray films; the
film of a welder may be indistinguishable from that of a sandblaster with silicosis
or & miner with pneumoconiosis. However, the x-ray changes in silicosis, asbestosis,
and pneumoconiosis are permanent ; if they change at all it is in the direction of
progression, and this is common. McLaughhn and I, however, recently described
two of our original welders whose x-ruy appearances have changed for the better
Doip & McLaughlin, 1948). We showed that one man, who showed definite x-ray
chunges of the dust inhalation type in 1934, and who ceased welding on being told
of these changes, now has an x-ray picture within normal limits. The pneumoconiosis
has resolved, and no one could guess at its previous existence. The other man
who had marked changes in 1933, and who continued to work as a welder, becane
4 welding instructor in 1940, with consequent great diminution in his exposure to
fumc ; his x-ray film now shows partial clearing of the abnormal shadows.

Otber dusts which are considered on present evidence to be inert include tin,
calcium, and barium, but mucli more knowledge is required before we can be surc
that this is so. Tin is much more radio-opaque than iron, therefore deposits of tin
in the lungs cause particularly densc shadows. Pendergrass & Pryde (1948) show
an x-ray film of this type, discovered on routine examination, the subject being a
man aged 45 years who had bagged tin oxide for 15 years. There was no disability.

Preumonitis.  Some dusts, both inorganic and organic, produce in-
flammatory changes. Chronic manganese poisoning is not a respiratory
disease and is outwith the scope of this review. Since 1921, however, a
relation between manganese and pneumonia has been suspected and
numerous reports supporting this have appeared in the literature
especially from the continent. Ior instance the installation of a manganese
smelting factory at the village of Sauda in Norway was followed by a
tenfold increase in the mortality rate for pneumonia, and similar reports
have heen made in regard to workers in German factories, and also
miners of the ore. In this country there are few reports in regard to
smelting but Lloyd Davies in 1946 showed that a group of men in a
chemical works who were exposed to oxides of manganese existing as
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VEGLTAULL DUSTS.

Generally speaking vegetable dusts are of fur less importance than
nineral dusts. Nevertheless the subject has so far heen very largely
neglected and their effects underrated. e know that the vegetable
dusts cause several fairly well-defined types of respiratory disease, but
how they are caused is obscure. There are several possibihties  The first
and most obvious one is that the novious agent is the vegetable matter
itself—some protein, alkaloid, or other constituent which 1s itritant or
otherwise toxic to the bronchial or pulmonary tissue. Imputities must
ai»n be consdered, for example silica LEvery sample of vegetable dust—
whether it is of cotton, flax, grass seed, .ain, ete | contams some silica
denived from the soil on which the Crop was grown—bhut gonerally gt 1y
not held that the small amount of silica present—usually about 29/ ar
iess s hikely to be harmful, particularly as miuch of 1t enists as fairhy
coarse gramns. Then biological contaminants must recen e much attention,
for almost every sample of vegetable dust of any Lind contains a very
Ingh bactenal and mycehal flora Some of these are known to be patho-
genic and there 1s certainly evidence that some of the diseases due to
vegetable dusts are due to bacteria or fungt It 1< also possible that the
bacteria or fungi, though non-pathogenic 1n themselves, may by their
digestive action on the ccllulose or other cotstituent of the vegetable
matter produce toxic sub<tances Lastly sone of the conditions are
almost certainly produced by allergens

Mt Ferer This1s an acute, transient and usually shght illness accurring
1 new workers 1n dusty processes It ustally comes on after 1 or 2 days
m the mill, Tasts a few davs and does not reappear ; one attack confers
ummunity. Often the svmptoms are not sufficient]y severe to occasion
absenee from work  They usually take the form of a chill, with pyreaia,
headache, malaise and tiredness, an! " oea™h theramay be respiratory
symptoms, such as sneezing, cough ... Aryness of the throat  This
curtous hittle acute illness occurs in new workers exposed to a wide
variety of vegetable dusts and goes under a vanety of names—e.g.,
‘combery fever’ in hemp mills, * cotton cold ’ in cotton mills, ‘ malt
fever " in malt workers Under present day conditions it is likely that
mill fever is less pronounced than formerly, nevertheless in flax mills the
condition 1s still quite well known. It is sometintes said that all new
employees get it but this seems an exaggeration ; probably the symptoms
are experienced by 25 - 50°% of new workers,

The cause is quite unknown Various suggestions made include the
action of a foreign protein, histamiine, hacterial endotoxin, allergy, but
there is no proof.

" - - —
Linesses due (o Frungi and Barteria Fhe definition of the role played by
fungr and bacteria or their toxins 15 a very difficult matter. Obviously
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Rumshart and Camimta (194%) in Amierica is that the discase 15 due to
the endotenin of derohacter cloacae,

Smmlar allresses occur in connection with the handling of other
vegetable materials known to be contaminated with moulds or bacteria,
and A cloacae is strongly suspected of being the cause of at least one of
these, that occurring in workers handling low-grade stamed cotton
Some hundreds of cases were studied in America by Neal und his co-
workers Inmost of their cases thellness appeared to be ar acute infection
of a general nature, with headache, fey er, pains and prostration, but there

were resprratory symptoms - They reproduced the symptoms in humais

were nnmune) by mhalaton of the duse

mholation of a st fronr ccl-tree £t
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crver~ before him hod

desenbed an agpravation

vremptemson Mondays Tt scems to e uite deffercnt from
Cat gt occursin workers after many vy aNposure, nutin b
and I onn acchmatization take- place

get progressively worse

The sy mptoms, which occu, on Mondays after the weelend breah, or
onreturn to work after an absence, usually conest of a sucdd o dgaravation
of cough, with chest tightiess or actual Hroathlees e Aot the

svmptoms are confined to Mondas s with the rest of the v fairly free

the condition tends to perast nnul Tocedlny and
‘pread over the ensuing davs, untid ultiniately the workers mas be forced
give work with
wheezing  Improvement mav be expected in the early dayvs on giving up
work but ultimately the condition becones permanent, and 1n cotton

workers

howeve,,

to up constant bionchitis, dyspnoea and asthmatic

the condition 1s spoken of as byswinosts
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Respiratory Diseose Chrone hionek tis has been

exposed to practicall

reported in
every kind of vegetable dust—from thove
enormous quantities like grain, cotton, flour, flax, hemp and
those used in

. St
v TR

used ar

uaslt to comparatively small quantities oy tobaceo, and
even ter The proving of un etiological relationship Detween the disease
and the dust 15 again often a matter of difficulty, as the discase produced
differs very little from the chronje bronchitis, often with superimposed
asthma, vvhich may occur in the general population. Unlike the pneu-
moconiosis produced by most of the mineral dusts, the condition has
neither characteristic x-ray findings nor typical post-mortem changes.
3

e proving of a relativnship is largely a statistical matter of proving

that a certain occupation is associated with a mortality sigmficantly in
excess of the standardized mort ity rates for the disease, and unless the

Is precisels defned, the evcess mortality may nct be evident.
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have not found any references in the ..t
firm engaged n shipbuilding used some 2
mine cdme actoss two cases in the rrm

I saw one of these men—the other hav ~u
was quite conclusive as to this wood herr g
He mentioned that even the smell cf Ve v oo
upset him witnout there necessanin Yort
from <hight attacks ard mare or fcss co=t .
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a former emplcyee, at his home
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with the use of tlus wood, usually by one of his fcllow-workers for he rof 1ved to
findle at lumself Since Ins retirenient 2 vears agzo lie s lad 1y further attacks

[ have known of other types of wlleruic reaction due to this wood  One mun
suffered from suel itense feding of nausea when 1t was worked that e was preparad
to give up his emplovment rather than be ovposed aprin At another factory un
affice umployee who frequently had to pass through the woodworkiy shop suficrerd
when Western red cedur was used, from sneez'ne attocks so vinlent and prolonged
45 1o result in exhaustion. This man has remaned fit and well duning and after the
war vears since leaving the factory

Such reactions raise many questions and there 15 as yvet msufficient
information to answer them although further enquiries are proceeding
One interesting feature, however, is that although ILehman and other
vworkers refer to wood dust as sharp pornted and of average swze 10
microns, several <amples collected in the sanwni!l where the asthma cases
occurred showed a very high count of <iall round particles doan te
somctling hke |\ micron, and of average size abont 1 -2 ricrons

ANIMAL DUSTS
Veimal dusts ave much less injunious thae ather vegeny! e or mneral

dusts Qccasionally they may carry mfections | the sorting of wool con-

Luning anthrax spores may give rise to a pnewmon.c form of anthrax, the
so-called wool-sorters disease Sensitization effects have alwo heen deseribed,
{orinstance ’ cough, tightness of the chest and feverish attachs Laye heen

recorded 1n workers exposed to the dust from feathers Brilie 1034

SUMMARY

Dusts met with m industry may produce 2 wirle vornety of reactions
wotae respiratory tract  Mineral dusts may g rive to o ceenconiosis
which exists 1in three mamn forms, distingunhed, from the pathnlorical
viewpoint, by fibrows, or by focal emphysemaz, or by an absence of am
tissue reaction  The fibrotic pneumoconioses exist 11 two main forms,
oirmn which the fibrocis is dense and nodular, as in silico~is, the other in
which the fibrosis 1s diffuse 2. in asbestosis  Other conditions resulting
fromy the inhalation of mineral dusts include pneurmonmitis ammediate or
delayed, lung cancer, and, rarely, asthma

Vegetable dusts are in general less irmtant than nineral dusts, by
consderable further research 1s required to eluci’ te their tovic poten-
tialitres.  Similar conditions, which may be grouped under five main
headings, mnll fever, acute and subacute nfections, Monday fever,
chronic hronchitis and emphysema, and acute (allergic) asthma, are
caused by a large number of the vegetable dusts  Some of these, especially
those in the chronic bronchitis and emphysema group, have no features
which distinguish them clinically or pathologically from sinnlar non-
occupational illness.

Animal dusts comparatively rately produce diseases of the respiratony
tract, although asthma or hay fever mav occur in sensitive individuals and
infections of the respiratory tract. for example pulmonary anthrax, may
be produced.
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