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The Right Hoz. J. R. Crynes, M.P,
His Majes:y’s Secretary of State
for the Home Department.

Houz Orrice,

174A March; 1830.

Sim, -

1 submit berewith s Ileport by Dr. E. R. A. Merewether and Mr. C. W.
Price oo their inquiries into the bealth couditions of the asbestos industry.. Dr.
Merewether's investigations on the medical side are of t scientific value.
They establish the facts that the inhalution of asbestos dust over & period of
years results in the development of & serious type of fibrosis of the lungs, that
the development of the disease varies in direct proportiou to the length of the
exposure to dus:, and that susceptibility to the disesse is not aff either by
age or sex. . , : - .

The remedy for thess couditivns is to be found, as in the case of so many
industrial diseases, in the suppression of dust. = The socond part of the Report
indicates that this point has only recently been appreciated. In the non-textile
section of the izdustry, no serious difficulties arise as regards the applicstion
of exhaust ventilation. For the textile saction, it is evident that a good deal
of experimental work will have to be carried out before completely sucoessful
ventilating appliances are evolved eflectively to remove all the dust.

I bave the honour to be,
Sir,
Your obedient Servaut,
GERALD BELLHOUSE,
J-  H.M. Chief Inspector of Factories.
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_.Re_port on Effects of Asbestos Dust on the Lungs and

Dust Suppression in the Asbestos Industry.

" PART L.

THE OCCURKENCE OF PULMONARY FIBROSIS AND OTHEX
PULMONARY AFFECTIONS IN ASBESTOS WORKERS.

1.—INTRODUCTION.

This Report is based upon the data obtained in au exteusive iuvestigation
during the years 1928 and 1929. The inquiry was initiated by the Factory
Departroent of the Bome Office following the discovery in February, 1928, of »
case of non-tubercular fibrosis of the lungs in an asbestoe worker, of suflicient
severity to necessitate treatment in boupital (Seiler’s Case’). :

1'rior to this, this Department bad kuvwledpe of unly two dsaths of asbestos
workers, about whom there was expert opiuion thut the inhalation of asbatos
dust had at leas: contributed to, if not caused, the fatal outcowe. The first of
these, now referred to as the *‘ Montague Murray Case,’’ occurred in 19090,
but all that is known concerning it is coutained in the evideuce given by Dr.
Mont Murray in 1900, before the Departmental Committee oo Compeusation
for Industrial Diseases’. In this case post mortem examination confirmed the
clinical disgnosis of extensive mon-tubercular pulinonary fibrosis.  The second
(Cooke’s Cane’) occurred in 1024. Here, although Cooke' aud Stuart McDousld*
were of the opinion that the luugs showed a qorogrwive dust fibrosis together
with & chronic fuberculous infection, the etiologicnl relotiousbip between the
inhalation of asbestos dust and fibrosis of the Jungs would have beca strengtheocd
by the absence of a tuberculous infection.

An early survey of the industry in 1910-11 by the Department did not dis-
close any evidence of the existence of a serious health hazard in the industry,
but sonie experiments on apinals conducted in 1012 by Professor J. M. Beattie
of Sheflield Univerity for the Departruent showed that the inbalutiou of asbestos
dust will cause a mild degree of fibrosis.

~ When, thereiore, investigetion of Sciler’s Care showed that other industrial
and infective cuuses of fibrosis could be definitely excluded, the necessity of
deciding whether the supervention of Lbiu diseuse in an asbestos worker was an
exceptional occurrcace, or evidence of & grave bealth risk in the industry, was
apparent and the investigation referred to was undertaken.

2 —Errecry or Inritant Dust Upon THE LUNGS.

__ The wost important local eflccts which may follow the inhalation of dust
include pulinonary and bronchial catarrh, asthwa, brouchitis, fibrosis of the
lungs, and secondary chaunges, such as emphysems, local or diffuse. These
changes in the lungs, which may be looked upon as & measure of the eflorts of
the living tissues to repel or incarcerate the irritant particles of dust, necessarily
cause interference with the general efficiency of the lungs. The impairment of
functional capacity may be slight or scvere, and temporary or permsnent, de-
pending oo the variety of dust, and on other factors, such as concentration
of dust and length of exposure.

. Moreover, individuals whose lungs bave been aflected as the result of the
ihalation of some dusts, show an iucreased susceptibility to the supervention
of respiratory infections, such as tuberculosis or pneumonia.

Fibrosis of the luugs is recogniscd to be the most important lesion caused
by the inhalation of dust, and the proneness of workers with a dust fibrosis to
be aflected with pulnonary tuberculosis has been shown 1o be the main cause
of the increased mortality rate from the latter disease in certain dusty occupa-
tions.

1 ' ) a3
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This trisd—exposure to dust, Ebrosis of the lungs, snd bigh mortality rate -
from pulmonary tuberculosis—was found to be commou to 8 pumber of large
snd important industries, and in all of them the dust incriminated was free
crysalline silica (8i0,).

These features were not observed, however, in other industries in which,
while there was exposure to siliceous dust, the silica was found to exist in the
combined form as s silicate and not in the free candition.

Thus, shortly, free silica came to be regarded as the pre-eminent cause
of industris! Gbrosis of the lungs and as & potable factor in the productiou
of the excess mortality rate from pulmonary tuberculosis in certain industries.

Whilst the pulmonary ﬁbroui:egroduced by free silica (Silicosis) hos been,
and is being, minutely investigated, the potentialities, as Sbrosis producers,
of dust other than free silica have not been fully explored, altbough it sppears
certain that some other inor&nnic dusts can, and some csooot, produce Bbrosis
under the conditions met with in industry. - :

That a serious, even fatal, degree of fibrosis can be produced by some
of these other dusts bas not been generally appreciated, although Dadza.m in
s thoughtful pager' has drawn attention to this point, in reporting a fatal case
of pulmonary fibrosis caused by dust of an orthoclase basalt containivg o frec
silica.

The Nature of Asbestos.—The fibrous mincrals commercially knowo os
asbestos fall into the latter group, the silica being combined with metallic bases,
mainly magnesium or iron and, to a less exteut calcium, sodium or aluminium.
The term 13 a collective name applied to a variety of silicate mincrals which
differ from each other in chemical ‘composition and ghytiml properties but
resemble one another in their finely fibrous noture and Hexibility. Their value
depends on the facility with which they can be split up into louy and flexible
fibres for spinning and weaving, ot their resistance to heat and acids, and on
their insulating properties with respect to heat and electricity. Varieties of
asbestos possess these.characteristics.in differing degree.

Practically spesking, all that goes under tlhe naiwe asbestos in commerce is
either fibrous serpentine, or & fibrous mineral of the hornblende group, of which
the most important are crocidolite, amosite and tremnolite. Scrpentine asbestos
or chrysotile is essentially a bydrated silicate of magnesiuw, containing little
iron and practically po ecalcium. The hornblende varieties contain less mag-
nesiurs and usually more calcium, aluminium and iron—crocidolite and amosite
being mainly silicates of iron. .

3.—Scorz or-'nn‘ Irrvr.sﬁcqxon.-
Asbestos is very largely used in industry, being an important ‘constifuent

. of mapy diferent products. The diversity of industries concerned rmade it

essential that sowne restriction of the field of investigation should be decided
upon.. .

The manufactoriog processes aflected fall more or less sharply into two
groups (1) those in which there is exposure to pure asbestos or tos mixed
with a very small percentage of cotton or other vegetable fibre, and (2) those
o which there is exposure to a mixture of dusts, of which asbestos is but one.

The former group coniprises, in the maiu, the textile brancl of the industry,
8 branch mavufacturisg 1psulating materials from practically pure asbestos,
and some preliminary processes in other branches.

. The latter groutr includes & number of processcs in which the proportion
of asbestos in the dust evolved ranges from a uegligible quantity upwards.
Since it is impossible to evaluate the eflect on the lungs o(} mixed dusts, of
which asbestos dust is only onc component, until the action of asbestos dust itself
was determined, the examinstion of workers for the purpose of this enquiry
was restricted to workers employed in processes included in group (1), in other
words, to workers as nearly as possible exposed to the influence of pure asbestos
dust. Furthermore, the eflects of previous exposure to other irritant dusts,
such as that of free silico, hod to be excluded.
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TAs Population et Risk.—The gross pumber of workers who may be

- exposed to the inhalation of asbesios dust to any extent is upkoowa, and, owing

to the great variety of processes concerned, there are insuperable difficulties in
ascertaining this zure. Nor, in fact, would enlighteumert on this point be
of any particular value. _

It is otherwise, bowever, with respect to the £ represcating the pumber
constantly exposed in the course of their daily work to the influence of pure or
almost pure asbestos dust. Some information on this point is very desirable
to check the adequacy of the sample of workers examined, and to envisage the
problem coofranting the industry. :

While ouly s rough spproximation is sible, it is believed that about
2,200 is the present pumber of persons ip this country ex io their dail
work to the iphalation of asbestos dust, either pure or admixed with a sms
proportion of cotton. It should not be overlooked that this figure does pot
iuclude the considerable number of workers exposed to the influence of mixed
duﬁ; of which asbestos is but one, and commouly not more than 20 per cent.
of mixture.

Of these 2,200, the sample exanmined uumbered 363 (excludiug 11 for
reasons referred to later) or 16.5 per cent, :

Selsction of Workers for Lzamination.—The selection of workers for
examination was pot laft_entirelg to chance, since it was early evident that the
proportiou of those employed 10 years and upwards in the mdustry was very
small; thercfore, in actory those lopgest employed were preferrcd, sioce
the importance of including a sufficient sample of this group is evident. Regard
was also paid to the other end of the scale so as to oblain information as to
the leogth of exposure to dust necessary before eflects are macifested, and also
to the particular process on which the worker was engaged.

By balacing the component groups of the sample io this way os the
caquiry proceeded, it was felt that the maximum inf = ~tion would be obtain
in the shortest time. = . - il obtained

—_—.

It follows, therefore, that iu respect of leugth of exposure to athestos dust,
the component gruups of the sample do not bear the sawe relationship ‘a-ach
other as the corresponding groups of the industry under revicw. he sub-
joined Tables will make this clear. Table 1 shows the distribution according
to length of employment (not necessarily in one factory) of 775 workers, the
total number engaged on those processes in geveral factories. Table 2 shows the

_sample of 363 workers distributed in the same way.

TamLx 1. ¥ Taurx 3
Years Percantage Years ! T P

i Percentage

swmployad. Number. of Total. smployed. ! Nusler. of Touf

: | | )
-4 ... 1T -3 o ... . ' (1 [ TRXY
-9 ... 200 23-8 -0 ... 10 3-8
10-14 ... . [ 1] [ X ] 10-14 ... [ I} 238
1-19 . 2 3} 1~19 ... [ 1] 1.7
20 and over ... n g3 20 snd over ... L s-0

Totals ... 778 100 Totals ... l 383 100

The enormous preﬁn@erance pumerically of workers em loyéd under five’
years is striking, as also is-the very low percentage of worﬁzrs ewployed 10
years or looger.

Comparison of the two tables shows that the eflcct of the method of selec-
tion of workers for examination is that the number examined in each successive
fivc years employment group is o progressively greater proportion of the total
number which could have been examined in particular group.

0o st
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\‘Vif-!:_-l solitary exception sll those examined were at work on the dcy' of
examination.

Ths Clinical Ezamination oud Stondards edopted.—The pature and
purpose of the inguiry were explained to each worker whom it was proposed
to exarine, individuslly, and his or bher co-operation obisined. E i0-
dividual's previous industrial history, subscquent to leuving school, was poted
in detail. This was essential ip order tn esclude, especially, the efect of pre-
vious work in any of the numerou;&)mm:u involving exposure to free ailica
dust, nn.d. to & less extent, the eflect of other dusts. Siniilarly, the in-
dividual's medical bistory was scrutinised from childhood onwards, to determine
the pbysical level on entry into the industry and any subscquent changes.
Particular atiention was puid to accountr of pulmonary ailmeuts, some of
which, like asthma and brouchitis, are common enough smnongst the geueral
population, yet are also nou-specific sigus of irritation caused by the inhalation
of dust, whilst others, like influenza aud puneunionia, are oxusionally followed
by a degree of pulmanory fibrosis. War service, if auy, was gooe iuto, especially
88 to whether there was any history of the worker having been a gas casualty
at apy time. The family and personal history in respect of pulmonary tuber-
culosis was enquired into, and also as to any close association with kmown coses
of this disease in friends or relatives. In approaching the pertinent subject
of symptoms, great care was taken to avoid leading questions, especially in
oliciting iaformation as to the existeuce of any undue shortness of breath.

. The actnal details of the plysicul examinntion do not wll for comuent,
inasmuch as they followed the usual lincs of a detailed examination of the
cl;mt. witl olwervations of the geuerul health and of the condition of the upper
air passages.

Refereoce must be made, however, to the standard of normality adopted in
asscssing the state of the Jungs. ‘The appruisemecnt of any departure from the
normal uecessarily pre-supposes the exnteuce of such 'a standard. Every
dlinician bas attair.g” gy the ni'!t.2f experience, his own clear conception of
P T . .. . e g e faa siec 0 _dehina $hie -
e uqnﬂ‘m_ %i, but it is not often that he fnay i feameiiy ™ WS-LE208 u'is
state 1D 0xrzny words, in fact it wews scarcely possible to do so, and this for
sivery) reascns; the heart and lungs function efficiently within wide limits of
applied straic, and, although vestiges of past discase may be present and
apparent oz examination, they will be unimportant if they will uever tax the
organiam bevond these limits, are non-progressive and do not predispose Lo other
disease. Age itsclf Las recognisable eflects, but for this reuson alone, the chest
cannot be considered sbnormal.

. : .

There is obvious dispurity betweeu the standard of plysical Gitucss required

for an air pilot and that required for life insuravce at ordimary rates; in-

dividuals reaching either standard cau be classed as ** normal,”* yet many attain-
ing the latter standard bave never approached the forner.

Thus, within limits, various gradations of normulity may be distinguished,
and correspondug standards constituted without inacturacy, the precise status

~ of any standard beix':.g_ determined by t.hccﬁur se for which it is established.
i T

For the purpase of this enquir{ the stan adopted has been that evinced
in any large group of persons liviug under similar euvironmental conditions,
apart from work in dusty occupatious, as those of the group being considered.
This is neither a high staodard nor a very low staudard, but the average stan-
dard of normality displayed amongst the iudustrial population of this
country.

Radiographic Ezaminntion ‘of the [ungs.—In addition a careful radio-
graphic examination of the chest was made iu many (133) cases, the necessity
for which in investigatious into the eflects of dust upou the luugs bas been
emphasised repeatedly ‘l;y various authoritics. It was pot, of course, feasible
to obtain techrically sufficient radiograms of all the workers examined, derived
as they were from factories scattered over the country, some in districts remote
from a radiological centre. The mode of sclection was dictated by the needs
of the situation, with the object of elucidating material points germane 1o the
investigation, e.g., the elucidation of complicating aflections, in measuring the
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extent and progress of the lesions and locating the point at which the earliest

. ndio‘gr‘:ghic_ngm appear, and.finslly as a check upon the buman factor

by the examiner bimself. "

presen

4 —Rgsurte or TR INQUIRY.
To anticipate, examination of the dsta collected in this investigation leads
to the conclusion that the inhalation of asbestos dust over s period of years
Fesults in the development of & serious type of fibrosis of the lungs.

Asbestoris—the Pulmonary Fibrosis of Asbestos Workers.—It ia belpful to
visualise fibrosis of the lungs as it occurs in asbestos workers as the slow growth
of fibrous tissue (scar tissue) between the air cells of the lung wherever the in-
haled dust comes to rest. While new fibroas tissue is being laid down like a
spider’s web, that deposited earlier gradually contracts. This fibrous tissue
is not only useless as a substitute for the air cells, but with continued inbalation
of the causstive dust, by its invasion of new territory and consolidation of that
i:e?dy occapied, it gradually, and literally, strangles the essential tissues of

ungs.

In common with other essential orguns of the body the lungs bave a large
reserve of tissus for use in emergencies and to permit of a diwinution of
functional capacity due to advancing age or disease. For this reason, and
because fibrom: of the lungs is essentislly a local disease, it is only when the
fibrogis progreases to the extent of obliterating this reserve, that undue short-
pess of breath oo any extra eflort draws the worker's attention to the fact that
bis bealth is not what it should be. The other symptoms of the disease such
ss e_m}gh are equally unassuming, and are readily ascribed to some commmon and
trivial cause. -

From this poiut the progress of the disesse is more rapid, since it is now

encroaching on the remaining sound tissue of the lungs, already only just suffi-

cient to maintain bim in his ordiuary daily activities. Ultimately, if no acute
respiratory infection has precipitated a fatal tormination, a stage is resched
when the lungs can do little more than maintain life, and the shortness of breath .
becomes extreme.

In its main clinical features, therefore, the disease resembles silicosis, as
might be expected. It diflers from silicosis, bowever, in the mode of distri-
bution of the fibrous tissue in the lungs, in its more rapid development, in its
radiological festures, and, there is some reason for believing, in a lessened
susceptibility to the supervention of pulmonary tuberculosis, the liability to
which disease is s0 definitely an added hazard in silicosias.

The Asdestos Bodies.—In the lungs of thase exposed to asbestos dust,
apgular particles derived from ‘asbestos,’ and spicules of asbestos" are found
on microscopical examination, and "also numbers of peculiar bodies described
by Cooke and Hill’ and Stusrt McDonald®. They are yellowish brown in colour,
of elongated, bead-like form, often with bulbous ends. Cooke® and Roodhouse
Gloyne' independently demonstrated a minéral core in these bodies, evidently
derived from the asbestos fibre. Stewart and Haddow™ have also demonstrated
their presence in the sputum of asbestos workers. These bodies have not been

found to occur ip any other human aflection. They have been found in the

sputum within a comparatively short time after exposure to asbestos dust, and
in the absence of clinical or rediological evidence of pulmonary fibrosis, their
presepce cannot be taken at present as indicating anything more than previous
inbalation of asbestos dust.

The Incidencs of Pulmonary Fibrosis in Asbestos Workers.—The a:xtent of
the risk to health associated with exposure to asbestos dust under present indus- -
trial conditions may now be considered in detail. )

Of the 374 workers of both sexes examined, 105 were found to have a difiuse
fibrosis of the lungs attributable to the inhalation of dust. Ten of thesc, and
one other in which therc were earlier signs of the same condition. have been
excluded from further consideration. inasmuch that it was felt that previous
work in other dusty occupations, such as quarrying, and coal mining. may have
been the prime or a contributory factor in the development of the pulmonary
lesions found. . )

o ' . A
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Thus, 85 of 383 workers, or 20.2 per cent. showed 8 deﬁ.ni‘u fibrosis due to
asbestos dust.  An additional 21 wers found with precursive sigos of this disease,

but these are given no weight in the general conclusions, which are derived solely
from examisation of the B5 cases of definite fibrasis.

Of the 133 radiogrepbed, 62 presented radiographical signs of a difiuse
€brosis, and io o further 25 there were lugges?gren radiological changes not
definitely diffuse fibrosis. In 10 of the former group ond 8 of the latter the
changes were poasibly referable to prior work in other dusty occupatious or Lo
otber cause, and they are therefore excluded, leaving 52 cases of fibrosis and 22
. with signs suggestive of early changes in the lungs due to asbestos,—sufficient

radiological confirmation. -

What inferences should be drawn from these figures 1-—Certainly not that
26.2 per ceat. ar roughly 1 in 4 of those at present exposed to asbestos dust in their
daily work bave fibrosis of the lupgs. As meutioncd previously the sample
examined is Joaded with o greater proportion of workers employed 3 years and
over thon obtains in these sections of the industry at the present time (Tables
3 and 2 above), and as shown in Table 3 below the incidence of fibrosis increases
with the length of employment. Therefore in order to obtain an approxima-
tion of the general incidence rate of fibrosis in these sections of the industry o
correction wust be q:ﬁlied on this sccount.  Applying the rates shown in Trble
3 to the figures in Table 1, it appears that the general incidence rate of fibrosis
of the lungs amongat those employed in these sections of the industry is rather
llelfl ;lnn 1 in B, or, excluding those employed under & years, rather less than

in 3. .

Further corrections would have been pecessary if the sample had included
up updue proportion of workcrs from the more dusty provesses, but this was
fuund not to be the case. ‘Also no correction is required on account of diflering
age distribution since, as will be acen later, the incidence of fibrosis is unaflecte
thereb)y. Sex has no effect.

These | incidence rates are convenient merely as affording a rough
indiuition of the inherent risk associated with exposure to asbestos dust at the
present time. They bave no permapent value either as an index of the general
risk of fibrosis in the industry from year to year, or as o measure of the risk
in auny particular factory or group of employees. This must be so since pot
only will the distribution of workers in the industry according t process and
lecgth of employment vary from year to year in accordance with trade develop-
ments, but the increasing application of methods for the suppression of dust
will have a cumulative effect in reducing the fbrosis incidence rate in future
vears. -

Effects of Age and Length of Employment —Table 3 shows the distribution
of the workers examined according to length of employment, and Table 4 their

distribution sccording to age, together with the incidence rates of fibrosis in

Tante N.—Incidence of Fibrosis rdative o Length of Employment.

Cass of Fibroaia Average age ip yesrs,
Years Numb P - v r—
Employed. Examioed Groyp Of Group less : -
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] : s |
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Tasx d.—Incdencs of Fibrosis relotive o Age.

1 ]
Cases of Fibrosis Average Iui:t.:;l':zp oymeo
Numler
Ags Group. Riamived Group Of Croup lem Of canes of
Number, Iacidence per sass Fibrosia
. [ 118 of Fibrosis
ol
Uptoly ... | 1] 0 - ER -
20-35... .1 150 14 »3 . )
3038 ... . ... 100 30 30:0 [ 1) 133
40-49 ... . 41 n - 4890 113 1¢-8
80-360 ... s 1] n 31-9 [ 2} 16-9
60 and over ... | 1¢ ] [ 2 %%} 1¢-0 18-
Touls .| 3 ) | 2 13 138

These tables indicate the outstanding importance of length of employment
(sod bence leagth of exposure to dust), aud the negligible eBects of age, on the
production of fibrosis. L ‘

Thus age groups 30/39 and 50/59 (Table 4) bave incidence rates of 30 per.
cent. and 8$7.9 per cent. respectively, not a wide diflerence, since the Froups
include workers in various processes exposed to diflerent couccutrations of dust.
Moreover, thy average lengih of employwent in these two grou&s; excluding the
cases of fibrosis, is almost identical, but considerably less than the average
leagth for all the cases of fibrosis (13.5 years). . o

It appears also from the same Table that no special susceptibility to the
development of fibrosis is shown by young persons, unless it is considered that
the figure of 8.7 years, the average lz:fth of employwent of the cases of fbrosis
in age group 20/29, has been shortened by increased suscoptibility of ages under
20. As, however, the average age of thixs group at cases of fibrosis is 20.7 years,
and slso becguse the establishment of fibrosis docs not necesiitate immediate
retirement from work, this is largely discounted. L

Column 4 of Table 4 also shows a general irregularity which, in ijtself,
points strongly to the negligible eflects of age in the production of fibrosis.

Turning to the eflects of length of employment o very different picture is
seen. Table 3 shows that after 5 years' exposure, the incidence rate mounts
rapidly, and after 10 increases almost in geometrical progression. '

Effect of Work sn different Proctuu.—'ﬁ:n are insupersble difficulties
in ascertaining trustworthy figures of the precise incidence of fibrosis amongst
workers in particular asbestos processes.  This is the result of the common
practices in the industry of bousing mapy processes in one room, and of workers
transferring from one process to apother. These two factors, the influence of
dust from neighbouring processes, and prior work in other asbestos processes,
operate to obscure the efflects due to work in any one process.

By distributiog the-workers, however, according to the process in which each
bas been lonpest employed and grouping similar processes together, it is ible
to draw certain broad conclusions as to the relative effect of work in different
processes. Ip this way groups were obtained as follows:— .

T (1) Crushing, opening, disintegrating and mixing.

2) CudingF pes grative 8

(3) Spinning, twisting, doubling, plaiting, etc.

(4) Insulating mattress making.

{5) Weaving and associnted processes.

(6) Miscellaneous processes and remsining unclassified workers.
.. The outstanding point brought out in this way is the relatively very low
incidence rate of fibrosis in group 8 (termed ‘‘ spinpers*' for convenience) as
compared with each of the other groups. There is some indication also that
amongst ‘‘ spinners *’ the disease takes longer to develop. Study of the radio-
grams, also, reveals further indications confirmatory of this. Moreover, estima-
tions of the dust content of the air in the neighbourhood of these processes and
in that of others in the various groups show that the evolution of dust jn group
3.is also relatively low (Table 5).
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Ip fact, the history, and the medical and radiclogical features of the cases
of ﬁbmi:‘.:"toget.hu w?t.h the results of comparison of the dust counts, all con-
tribute in some degree to the view that with comparatively low concentration of
dust in the peighbourliood of 8 process, the resulting cases of fibrosis amongst
the workers in that process are lopger in developing and remsin longer in &
milder stage. It follows, therefore, that in such cases ths rate of accumulstion
of dust in the Jung bas not greatly exceeded the rate of elimination, and &
further point of great practical importance emerges, pamely, that in order to
prevent the full development of the discass amonpst asbestos workers within the .
space of an average workin lifetime, it is Decessary to reduce the concentre-
tion of dust in the air of workrooms to a figure below that pertaining to
spinning st the time over which these cases were ex . . .

Not only does group 3 show the lowest incidence of fibrosis, but it forms
the largest individual group in these sections of the industry-—about ooe third.

Ralatiss Dustiness of Various Asdestos Processes.—While some reference
bere to the varyiog amount of dust evolved by the differcnt processes is necessary,
the causation of gheu difierences and methods of suppression of dust are dis-
cussed in Part IT of this Report. .

Diflerent asbestos processes do cause the evolution of diffierent amounts of
dust into the air of the workrooms, and, under present conditions, the difference
between the least dusty and the most dusty processes ie very proncunced.

1In some processes the production of asbestos dust is insignificant; in & second
group dust is continuously evolved but in relatively low concentration, as in
spinning; in a third group the evolution of dust is continuous and in high con-
centration, as in dry cloth weaving; and in a fourth group much dust is dissi-
gatii ix; bursts b:és sbort duration, as in emptying the fibre from settling chambers

y hand into .

Some additional data were obtained by means of a limited number of
determipations of the dust content of the air at the breathing level of opera-
tives engaged in various processes, with the aid of the Owens' Jet Apparatus.
The figures in Table 5 which were calcolated from some 50 determinations,
give a rough idea of the general dustiness of the processes concerned, and also
of the efiect of localised exhaust ventilation and damping in reducing the
concentration of dust in some of t:hem. The counts in other processes are
expressed proportionately to the spinning, pliting and braiding group, taken
as unity. :

Tt will be seen from this Table that the dustiest processes are opening (with
old fashioned teasers), sieving (with no local exhaust ventilstion), and shovelling
or otherwise handling asbestos fibre,” with a comparative ficure of 2.84. The
beaviest counts of all were found in this grovp, in aack filling by hand in s
settling chamber. The wmpa.ntive'fg'ure here was 0.84, but the record was
denso, with much clumping togetherfof the dust particles, with the result that
the total dust count arrived nt was undoubtedly too low.

Next in order is dry cloth weaving without the application of localised .
exhaust ventilation, with a figure of 1.85. This is undoubtedly o dusty process,
and altbough local exbaust ventilation reduces the count at the breathing level
of the weaver, much dust still escapes into the workroom. Weaving cloth
wet, Dot merely damp, reduces the dust count to a remarkable degree. Columin

Tasre 5.—Relativs Dustiness of various Processes and Effecss of Localised
Ezkaust Ventilation and Damp Methods in suppressing Dus:.

.- . b a—
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7 for band (i.c., Darrow) weaving, wet, is not sccurate since the figure has been
raised by dust from s neighbouring dry cloth loom.

. Mattress making without any precsutions, such as exhaust ventilation,
or damping floors, tables and cloth, follows next with a figure of 1.83 (See
footnote Table 5). Applicstion of exhaust ventilation, and damping reduces
the figure considerably, but it may be that the figures in columns § and 10 are
too low, since counts for some .u.goid'm.ry processes, such as butloning, sewing,
and cutting out, are not svailable. o

It will be observed that carding, although esseutially s very dusty process,
produced a comparative figure of only 1.17.  This is due iu part to partial
enclosure of the working parts of the carding machine, but is mostly the result
of the spplication of lomi exhaust ventilation.  Moreover, the figure does not
take into account the extremely dusty operatiou of stripping. = -

Reltive to the comparative pumbers for tho other different processcs, the
figure of 1 for -pinnini.. plaiting and braiding is probably r too bigh,
owing to coptamination by dust from neighbouring and more dusty processes.

Samples of asbestos vary much in chemical coustitutiou and physical pro-
rties, and of the three maiu varieties, chrysotile, crocidulite, and amosite, the
tter two, in the opinion of experienced workers, usually Ifi'e rise to more dust

thao chrysotile in the textile manufacturing processes. No evideoce was found
to indicate that any one of the three varieties is more, or less, potent thap the
others in producing fibrosis, other factors, such as conceutration of dust, being
equsl. A peculiarity of the asbestos fibre is that it first fragmeuts longi-
tudinslly, and apparently this process can go en indefinitely, since there is no
ultimate fibre comparable to & vegetabls fibre such as cotton.

Concentration of Dust and Leugth of Exposure Necessary 1o Produce
Fibrosis.—From the dats so far examined it seems clear that hbrosis of the
lungs is & definite occupational risk amongs: asbestos workers as a class.
Furthennore, it appears thot the risk falls most heavily on those longes: em-
ployed and on those engaged in the more dusty processes.

Soms further considerstion ‘of these two important faciors, length of em-
ployment and concentration of dust, is desirable. Obviously, to some extent,
they are interdependent, since, assuming that a specific quantity of asbestos
dust must be inhaled to produce a generalised fibrosis, the fibrosis will result
Ix_'oul:,exp‘g;n for a period of time varying with the conceutration of dust in the
air breathed.

. Siwson" reports the case of sn asbestus miill worker in South Africs,
ex for 12 wonths to & very dusty stmosphere, who died from a rapid
tu is; sections of the | showed, spart from the chunges due to tuber.
culosis, a moderately marked Hbroais.¢ Burton Wood and Fage' report the
case of an asbestos :&inuer, employed 15 months, who died from a geperalised
toberculosis, 8 months after ceasing work. In this case a little fibrous tissue
was generally 1o be seen surrounding the asbestos fibres found in the lung
tissue, but there was no gross fibraigis. It s:ems probable, therefore, altbougg
further research is very nceessary, that pot only is a4 certain minimul quantity
of the dust required for the production of a generalised fibrosis, but that inhala-
tinp of the dust in high concentration results in the production of a more marked
degree of fibrosis in a shorter time, than when the concentration is low.

Iovestigation of this impoertant matter—concentration of dust and len
of exposure nee&ag to produce fibrosis—f{rom the clinical sidc is beset with
difficultics, one of the most confusing being that the existence of a clinically
recogpisable diffuse fibrosis is quite compatiblc with continued work in the
industry, and, therefore, the cases of fibrosis discovered in such an invstigation
az this are in various stages of the disease, with the result that the point at
which they first became recognisable clinically cannot be asceriained.

Despite this, some confirmation of the h{gollmis that the leogth of -ex-
posure to asbestos dust ucvessary to produce librosis varics inversely with e
mnegntm;iiou of the dust in the air, within certaiv low and bigh limity, may
be obtained. ’

184 . - Al
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Table 8 shows the average age and lecgth of employment of the cases of
fibroais in the groups of processes previously dealt with (p. 11).

Tanix 6.
Caass of Fibrosia
F A Lasgw of
verage Lasgth o
Average Age. Exployment
3. Orusbing opening, disintagratiog, mixisg ... a1 H 10°9
8. Cardiog .. 90 | 133
3. Bpinning, twisting, doubling, plaiting. &e. ... 31-0 187
4. Matiress making ... 31 130
8. Wearing sad smocisted processes - ... Qs 127
6. Miscsllaneous processss snd remaisiog we- -l 138
: elamsiBed worksre

Totals ... .- N PN s . , 138

The much longer sverage 'Eeriod of employweut of the cases of fibrosis
in group 8 as com with the other groups will bc noted.  There is also
least exposure W Zuet in grm:g 3. It seems, therefore, that in this group a
longer period elapsed before the fibrosis developed, or ‘that it progressed less
napdly. o _

This is the more apparcnt if the iucidenco rates of fibrosis amongst workers
employed in the processes in group 3 are compared with the correspooding rates
for workers employed in the more dusty processes comprised in groups 1, 2, 4, 5,
taken together. These rates are set out in Table 7. _

-Tanis 7.—Comparison between the Incidence Rates of Fibresis emongst Workers

‘employed in Group 3 (less dusty processes) end the Incidence Rates
amongst Workers employed in Groups 1, 8, 4, §, taken together (miore

dusly processes).
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It will be seen that, after 5 years’ employment, the rates are consistently
much higher amongst those employed in the more dusty processes, and, whereas
the rate is high from about 5 years cowards in the more dusty processes, it is
not until about the 15th year of employment is reached in the less dusty processes
that the rate for the latter becomes bigh, and approximates to that reached after
about § years' employment in the more dusty processes.

Exposure to diflerent concentrations of dust, together with the eflect of
the recoguition of the cascs of fibrosis in different stages of the disease, also
afford an explanation of the widely diflering lengths of employmeut of in-
dividual cases of fibrosis, which ranged from 5 years to over 30 While po
debinite case of fibresis clearly due to asbestos dust was found amopgst workers
with less than 5 years exposure, the possibility of such cases occurring with
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exposure to bigh concentrations of dust cannot be ruled out. Three cases were

found with 3, 3} and 4} years work in asbestos, respectively, but iu eacd Wery
was previous exposure to other dusts (see p. 10).

Suprnr‘. for this view is provided by (1) Professor Beaotliv's experiwents
previously mexntioned, which onstrated t the lungs of guinea-pigs ex-

d for 43 and U7 bours to asbestos dust showed ** delipite cellular pro-
iferation, though not very extensive, and this is certainly a preliminary stuge
in the producztion of ﬁbron:h;.l 2 Sl{maon'_l case menuonedbl.lﬁ:e, mdd:u
report in the same on unge of & guines-pig exposed by Mavrogordato
top:sbestoc dust xof?&f bours durgg s peg?iod o f& days. Onp the death of
the animal (from causes other than asbestosis) some $2 months later, sectioms
of the lungs ahowed a alight geveralised fibrosis. Iu commeutiug on the amount
of fibrosis found, he states that * a comparison between the huwun cases and the
experimental animal showed that the fibrosis was more rapid and extensive in the
human cases than in the experimental animal,” aud again ** the amount of
fibrosis in two of the human coses wn:ogmu rapid, and if due to the presence
of asbestos dust, the initial rate of production was rupid when compared with
present day poun-infective silicosis on the Rand **; (J) datu from this investi:
gation, in which 21 of the 363 workers showed aigus sugyestive of cowmmencing
Bbrosis (p. 10). Of these 12 had been employed for lesy than 7 years, and 6,
for between 4 and 5 yeurs. :

To sum up, therefore, it appears probable that concentration of dust aud
length of exposure as factors in the production of fibrosis are interdependent
within certain limita. While it seems pecessary for the production of generalised
fibroais of the lunps that a definite minimal quantity of dust must be inbaled,
the lower the conweotration of dust in the air broathed, the longur the lapse
of time before the fibrosis is fully developed, and within a certain limit, the
higher the concentration of dust, the soouer the fibrosis becomes fully developed
mﬁ the more intense the involvement of the lung tissue.

If this hypothesis is correct, and the evideuce points to it, the practical
inferences are of very great importance, since it follows that the application
of measures resulting in the reduction of the conceutration of dust iu the air
in the peighbourhood of dusty asbestos processes will cause, firstly s great in-
crease in. the length of time before workers develop a disabling fibrosis, and
secondly, the almoet totsl disappearance of the disease, as the measures for
the suppression of dust are perfected. :

Disablemen: produced by the dAsbestos Fibrosis.—Regarding the amount
of disablemen: produced by the development of pulmonary fibrosis in asbestos
workers,—for a pumber of years this is surprisingly slight, even more s0 than
is geoerally the case in silicosis. is is partly (Ine to the character of the
discase, and partly to the pature of “the work, which in the majority of these
processes does not involve much physical exertion. The aﬂecl.cgl person may,
and often does, coutinue at work with occasional intermissions, latterly, due to
exacerbations of bronchitis, until the condition is advanced, although be suffers
ibcreasing incouveniences from shortness of breath, on exertion. Some-
times a terminal broncho-poeumonia, or other acute infection, commences while -
still at work, and there is no long period of invalidism.

. There is no doubt but that fibrosis of the type produced by asbestos can of
itself lead to complete disablement and to s fatal ternination; and this in the

-absence of a superadded tuberculous infection.

Particulars have been collected up to the end of 1929 of 10 cases in which
an advanced degree of the asbestos fibrosis without tuberculosis was the
primary cause of death. ' In 9, the cause of death was verified by post mortemn
examination and in the 10th, repeated clinical, radiological and sputum ex-
aminations confirmed the diagnosis. In an 11th case, post morteis examination
showed that a lobar pneumonia had superveucd upon lungs already the seat
of a moderate degree of the asbestos Hbrosis. With one exception, all these -

dcaths occurred in the years 1927.29.

The length of exposure to asbestos dust in these cases varied between 9 and
24 years. :
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It is Dot suggested that theso few fatalities, in which the cause of desth
has been verified i;’luict enquiry, are auy criterion of the truo effect of the
- diseases on the mortality rates of asbestos workers. Otbers are known to bave

oocurred in which the existence of the asbestos fibrosis has been determined in
life, but Do post mortem examinition has been possible.

Progress and Durution of she Dissase —The ruts of progress and duration’
of the discase varies within wide limits. With continued exposure to bigh
concentrations of dust, the fibrosis mnay be fully developed iu from 7 to 9 years,
and may cause death after about 13 years exposure, exceptionally in a sborter
period.  On the other hand, with exposure to less conceutrations of dust, the

riod of maturation of the fibrosis may be exteuded to 15, 20 or 25 years.
E‘ehere are definite indications, derived Irom the industria! historics sud ex-
amination of workers, that & diminution in the concentration of dust in the
air breathed, either by change of employmeut from a bighly dusty process to
one less dusty, or the effect of methods for tho suppression of dust, results
in a prolopgation of this period of maturation of the fbrosis, except in the.
Iate stages of the diseasc. While this is so, the existence of a clinically re-
coguisable degree of the asbestos fibrosis in any individual is an additional
uﬁruene factor in the prospects of recovery fram eny acute infection of the
lungs, such as poeumonia or broncho-pueumonia.

- Association of the Asdestos Fibroris with Pulmouury U'uderculosis.—As
previously mentioued (p. g) silicwsis, the fbrosis of the lungs due to the
inhalation of free silica dust, has an nnhnpp[y' associution ‘with pulmonary
tuberculosis, in that there is & much increused liability to the supervention of
the latter disease amongst silicotics. It is of importance, therefore, both from
the ‘E'mt of view of the individuul worker, and in its bearing upon the scope .
of preventive measure required, to euquire whether therc is s similar
liability attached to the asbestos fibrosis.  *

-It will be remembered that in this iuvestipation the exumivation of workers
was restricted to those at work at the time of the examination, and, therefore,
a pumber of advanced cases of fibrosis, and a pumnber of cases of pulmonary
tuberculosis—with or without an asbestoe fibrosis in addition—wbo bhed
either given up work ‘or who were off work temporarily, will have been
missed. Moreover, the supervention of a tubcrculous infection on a lung already -
the subject of fibrosis produces an increase in symptoms, previously unnoticed
or disregarded, and induces the worker to seek medical advice. He is then
appropriately advised to give up his dusty employnent, migrates from the in-
dustry, and may or may not accept sanatoriuni treatment.

Thus there tends to be a drift of such cases frorm the fibrosis producing
industry. In fact, during the course of the investigation, information was
obtained of a number of persons, previously employed in asbestos, who were
either at home or in sanatoria, suffering from chest complaints.

Precise information as to the incideuce of pulinonary tuberculosis amongst
asbestos workers cannot be obtaimed therefore, in the ubseuce of periodical
medical examipations in the industry, without prolouged enquiry involving the
search of the records of local sauatoria, traciug workers known to have ceised
work in asbestos, and examipation of death certificates, and of the sickpess
records of firms, where these are kept.

) Nevertheless, with these reservations, the daota obtained in this investigation
did not disclosc any outstanding susceptibility to pulmonary tuberculosis, either
amongst asbestos workers as a class, or amongst the cases of fibrosis. . .

Summary.—The outcowe of this“investigation is to establish the existence
of a definite occupational risk in the asbestos industry. . This takes the form of
» distinct type of fibrosis of the lungs, resembling silicosis in its main elinical
aspects, but differing from that discase in the mode of distribution of the
fibrous tissue in the lungs, in its radiological features, in the enhanced rate of
development under average conditions in this country, and as far as the evidence
goes, in a lower susceptibility tv the superventiou of pulmouary tuberculosis.*

The asbestos fibrosis results from the iubalation of asbestos dust, the
proximate causes being concentration of dust in the air breathed and length

® The wedical sad radiclogical data éhuiﬁd o this iuv-ti.-u.iud will be publishied slsewhbare
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of exposure to it. Thus the incidence rate is highest in the most dusty pro-
cesses and amongst those lonrt anployed. Age and sex have no apparent
influance oo the production of the disease. A .

8.—Facrors DrrxaxiNING THz Parsent RICOGNITION OF THR ALBERSTOS
Fuanosis. . _

It is of interest to consider wbhy itill.b&_tl.hudueaehmonlyremdy
attracted potice and become a problem in the industry, although asbestos was
Jnown to, and worked by the encients.

Many factors contribute to this position, some dependent oo the nature of
the disease, some on the phenomenal expansion of the industry, others on thes
advance of medical science.

While asbestos has been known and spasmodically worked for bundreds of
yoars, it is azly in the past 40 years or so that it has been commercially exploited
to any extent. Not only that, but it is Jess than 30 years since the great expan-
.gion of the industry commenced. Even after a nuinber of years of steady expan-
sion, the industry is still comparatively small, and the workers employed in the
sssentially dusty processes tively few.

The wsidious onset and unobtrusive signs and ptoms of the disease in
its earlier course, its covert advance by imperceptible stages, its points of
Tesemblance latterly to fibroid tuberculosis, with which infection it is soxetimes
aseociated, and the migration of those affected from the industry, have all com-
bined to dell:! its recognition as an entity, and to obscure the causal agent.

Know of the eflects of specific dusts upon the lungs has been greatly

"extended in past 20 years, but research has been mainly concerned with the

more important and widespread risk associated with the dusts containing free
silica, and enguiry into the effects of other dusts had to wait upon those investi-
getions. -

6.—PazxvinNTIVE MrAURES.

The pecessary preventive measures include, first, those directed specifically
towards the suppressian aud control of the dust evolved in manufacturing pro-
<esses, which are examined in Purt II of this Report, and_secondly, noasures ——— -
directed towards those employed in the industry. ' .
These latter includs the coptrol of the disease by periodical medical examina-

- tiop of the workers, by which those unfitted by health reasons are prevented from

antering the industry, and cases of fibrosis and pulmonary tuberculosis are
de at the earliest possible moment. The ultimate and only reliable test
of the eflectiveness of the preventive measures adopted in the industry will be
found in the statistics derived from the records of periodical medical examina-
tion of the workers. ;

They also include the education of the individual, as in other dangerous
trades, to a sane appreciation of the risk, and to his personal respansibility in the
prevention and suppression of dust.

The protection aflorded by respirators is only&;rtia], and there is o real
danger that the uss of them may give a sense of false security. Asbestos dust
floating in the air contaios a majority of particles of the order 2. and under,
Inany g oaly 0.54 (nbsy inch) in size. In practice, the discomfort
of constant wear, and ty in spesch, etc., render workers wery
unwilling to uvse this form of protection for any letgth of time. Since,
bowerer, & high class respirator will trap a proportion of the large par-
‘ticles which can enter the lung, they cannot. be sard to be n.lueless,rgfn can
only be recommended as & second line of defence, and not in substitution for

. other preventive measures specifically directed to the control of dust as pear as

‘possible to its point of origin. Under very exceptional circumstances there may

scope for the use of the efficient type of breathing apparatus, comprisiog a
m:l{k or helmet with a long tube, enabling the wearer to breathe pure air from
s distance. .

7.—Tne OvrLook.

From cossideration of the nature of the processes in the asbestos industry,
‘and other relevant matters, it is felt that the outlook for preventive measures is .

- good. That is to say that io the space of s decade, or thereabouts, the efect of

sT14e 40
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epergetic application of preventive measures should be apparent. m s gmz Teduc-
cidence of fibrosis.

tea rnmnednu temporary rise in the incidence rate is proba.ble, du Lo the

accumulated danmage, partly s legacy of the war years, but with'the’ pmmg of

the peak, a steady foll should ensue.

Much generous assistance bas been received from mary sources du.ru: * the
course of this investigation; these arc %Jatefully ndmowle d elsewbere.
Special thanks are duc, bowever, to Dr. E. Twiniog of Manchister-aond Dr.
N. Tatterscell of Leeds for their mdn;eemble expert wxsmncc in the dlucidation
of the radiological fenwru to Dr E. Cooke, Professor M. J. Stewart"and
Dr. Roodhouse Gloyne, whose researches in the same field are well- known, and
to Dr. 1. M. D. Grieve for mformauon from an unpublished uudy o! ] group
of asbestos workers.
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PART II. T

Paoczsses Grvimie Rist To Dua'r AND MPTRODE POR ITS St:rrn.zssxoh

-—i——

1.—INTRODUCTION.

The asbestos u:duury bas developed greatly in recent years tnd cnntmues._
to expand rapidly, mainly because of the demands of the motor, electrical,
engineering and building industries, and of the increasing attention- Dow. paxd
to the insulation of steam plant to promote fuel economy. -

Asbestos products may, for convenience, be dmded into uven nmn'

(@) Yaro and clath. :
Non-Teztiles. ;
(3) Millboard, paper, asbestos-cement sheets, tiles, and other buxld
ing materials, sheet material of rubber or bnumxnous mixtures. conu-.m
ing asbesios.
(c) Insulation materials and articles.
ia’) Brake and clutch linings.
o) Packing and jointings. Co
() Asbestos-covered electric conductors—electrodes, ca.bles a.nd
wiring, coils for electric machinery.
llanecus, including moulded electrical and other goods ‘etc.
Some factories make both t.exule and non-textile goods.”- So-called"
“‘ fiberized ** asbestos, i.e., opensd or broken-up material in a fine flock-hie- °



K.

19 .

condition, is manipulated, unmixed with other materials, in ¢ quaptities ip
the factories included in groups (a), (1), and (c), and to a much smaller extent
in some of the other factories and workshops. .

* () ‘Asbestos yarn is woven into cloth for insulstion mattress coverings, in-
sulating wrappings, filtering moterial, fire curtsins, fre-smothering blankets
and fire-revisting clothing. 8Nn.rmwer woven moterial is produced for belting
for conveyors, brake lini and insulating tape. Some asbestos cloth is
rubber-proofed for use in manufocture of steam packings and jointings.

Besides ita main use for weaviug, asbesius {l.m is braided aud plaited for
use as packing, and also for insulating material. Spools of yarn are supplied
to factories in which electric cable or electrodes are made, and polished . d
for the completion of incandescent muntles.

(%) Asbestos millboard and paper are manufactured from p;:l]p containing

. short £bre asbestos, by a wet method, like ordinary millboard and paper.
Asbestos-cement

sheets, tiles, gutters, gipel, etc., for buildiog and similar pur-
poses are made from wet mixtures of Portland cement and IE.DH fibre asbestos.
A syntbetic compasition sheet is made from a rubber mixing, for use as jointing.
Bituminous mixings containing asbestos. are.made for switchboard panelling,
and other mixings for floorings. . '

(¢) Insulation materials ipclude fiberized asbestos; *‘ magnesia,’” so-called
containing about 15 per cent. of fiborized eebestos and 85 par cect. of magnesia,
and other finely divided mixtures composed partly of fiberized asbestos, used as
insulating cements or plasters; fiberized asbestos stiffened into thick sheets, like
mats, for lining bulkheads of ships; shaped sections and alabs, moulded from
fiberized asbestos or mixtures containing it, or built up of eorrugated asbestos
gaper 20 as to enclose air cells; mattresces, made of asbestos cloth and filled with

berized asbestos, magneais, or other ﬁlhncg

(d) Brake and clutch linings are chielly prepared from imprefnnud and
heat-treated asbestos -cloth, but also from moulded asbestos material. :

(s) Plaited and braided asbestos yarn, proofed asbestos cloth and cown-
position sheet are used in maling Tr.kmgs and jointings. ‘

(/) Electrades for welding work are plaitod with asbestos yarn or covered
with a paste containing asbestos. Same electric cable and wiring required to
withstand beat are plaited with asbestos yarn; field coils for-electric’ machinery
may be wrapped with asbestos tape.

) Miscellanecus manufactured articles or products, composed wholly or
partially of asbestos, include, in addition to moulded electrica! and other goods,
uti?wa putty and powder, rubber hose plaited with asbestos yarn, and many
others.

A from manofacture, certain work is carried' an in premises subject.

to the Factory and Workshops Acts, as well as in other premises, which involves
use or manipulation of asbestos or products containing it. Tbe insulating of
boilers, pipes, engines, and parts of ships is the most important. Much of this
wo;k is done on iou-d ship by contractors-who employ & considerable outdoor
stafl. '

2. —PrIMISES.

The factories and workshops included in (a) to (g) number at least 160,
of which 18 are textile factories. This total is based on lists supplied by the
District Inspectors. It does not include the large number of works where there
is incidenta] use of asbestos packing and jointing, ssbestos-covered electric cable,
or other finished goods, required for completing other manufactures.

There is only ons works in which the employees concerned with asbestos
exceed 500. There are many small premises in which but s few employees, in
some cases only one or two, are employed. A small * asbestos ** department
is found in 8 number of important factories. :

‘Textile departments are usually well boused in modern buildings. A few
of the older textile factories bave been improved recently by the addition of
modern bmlden. In one case & badly housed small concern is in process of
removal to newly constructed premises. ' :

The asbestos-cement sheet factories are modern premises of large floor area,
lofty and spacious, in the main, single storey buildings. Tbe cable and electrode
factories are also modern and geserally suitable. . '
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Some small works, more particularly those engaged in making boiler com-

positions, are unsatisfactory. “A few are mere open-sided sbeds. Such premiscs
are difficult to keep clean. S . .
. Some warks are congested with plant and stocks of material. This ma
result from inadequate sccommmodation or a temporary falling-of jn the demand,
but the efilect oo cleanliness is bad. The dust evolved in manufacturing pro-
Cesses is wore difficult to control if the premises are unsuitable, particularly if
crowded with plant or material. Cleaning is pot easily accomplished and the
dust is more concentrated. . -

Ventilation.—The srrougements provided for vestilating asbestos works
vary es in otber industries. Eut removal systems, whero used, eflect o measure
of geveral ventilation. A pumber of workrooms in textile foctories are
vestilated by plenum systems, the air supply being warmed in winter. Over-
bead extracting propeller fans are but little used now and would be unsuitable.
In one mattress moking room extraction fans connected to large overhoad hoods
sre used. Extraction by downward displacement, the air beiog drawn through
openings i the floor, or near floor level, has not beco met with, but has been

" _considered for some weaving rooms. This systew, if designed of a capacity

sufficient to eflect & high standard of general ventilation, would tend to reduce
the dust in the general atmosphero at breathing level, and, with other safeguards,
be a possible alternative to lacalised exhaust ventilation. It could not be success-
ful without efficient heating, owing to the rapid change of air entaiied.

Separation of Processes.—In many works several prucesses are carried on in
the same room. Ibp the abscuce of eflective means of preventing escape of dust
into the air, many workers are subjected Lo o risk from which they would other-
wise be immune, or to a greater risk than that arising from their own work.
In s few textile factories crushing and opening plants are placed close to spinning
and carding machines. Spiuning frames are installed close to looms and wet
and dry weaving are carried on close together. In non-testile premises there is
more eflective separation of dusty work and processcs from non-dusty.

$.—DzscrirTioN or Paocasszs AND PrivanTiv: Mrasurzs, 2 :

A complete account of manufacturing methods is not attempted. Attention
is mainly directed to the dust-producing processes, o description of which, in
braad outline, has been deemed peccssary to make clear the circumstances under
which exposure to dust arises, and the character and object of the remedial
reasures alresdy in use or bere recommended.

Somewhat wmportant changes are on foot which, it is. coufidently hoped,
will greatly reduce cxposure to dust in certain hitherto dusty processes.  On
the other hand, certain developments, e.g., speeding up of textile machivery,
and the increased usc of asbestos in various industries, may intensify the dust
problem, if adequate measures to deal with the dust are not taken.

TEXTILES.
(a) Yarn and Cloth, .

- The manufacture of asbestos yarn and cloth proceeds on the whole like that
of other textiles, but there are sonie important differences. Fiberized and other
asbestos material is freely handled in various operations, in gothering
** waste,” and in cleaning. Exposure, in somo dcgree, to asbestos dust, is
common throughout all the factories, but steps have been taken, extending over
many years, to deal with dust produced at various points, though the pecessary
degree of efficiency has, generally speaking, not been reached. aust ventila-
tion plants used in the best-equipped asbestos factories for remoring dust appear
to be as efficient as those used in other textile industrics, and to have been applied
over s wider field. As regards otber safeguards against dust, e.g., substitution
of mechanical methods for bandwork for feeding the machines 10 preliminary
operations, efficient enclosure of machines, and vacuum mecthods of cleaning, little
development has been made.

ening.—Asbestos, suitable for yarn, has usually to be crushed, and in all
opened ** (‘' fiberized ) before it is ready for carding. These prepara-
tory processes are eflected by machinery, but entail much bandwork. ~ Separat-
ing (to remove irou) anid grading or sieving follow crushing, but precede opening.

]
cases ‘?
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Material for yarn is not usually treated in disintegrators, but io most factories
thess machines are wsed for ﬁvberixing waste tos yarn, etc. Crushing -

flatlens out sad breaka up the mineral without damaging the fibres. It is accom-
plished either in a large edge runnper, or in a small pan mill of the mortar mixing
type. The material is emptied upon the floor close to the machine, t..l.:w contents
omuul sacks sometimes being spread on the floor to obtain 2 rough ** mixing.

The crushed material is either takey from the machine by hand, or discharged
through a boztam delivery slide, usually flled into sacks or skips and, if necessary,

. weighed on 8 portable weighing machine. A few edge runners discharge upon

abort inclined lattices and the material falls automatically iuto the sack or skip.

Edge runners give rise to dust of considerable anount wherc ahort fbre
is crushed; some are enclosed and have exbaust applied. This is always neces-
sary. Pan mills are not enclosed and also give rise to dust, though less in
amount. _ )

Handwork, e.g., sack emptying and filling, mixing, shovelling and feeding
machine pans or im.iee lnc&, gives risc to dust, sometimes of considerable
amount, sod is done without exhaust. Application of exhaust draught would
be facilitated if feeding were done from s higher level so that sacks might be

- emptied under enclosed conditioas, i.e. ina sack emptying apparatus. Automatic

delivery and reversible baggiog lattices eliminate dust produced in band flliog
of sacks, but require to be ently enclcsed with exhaust draught applied.

An open travellizp band paming round an electro-mmagnet is uied for
separating loose iron, the asbestos begmg delivered to an elevator. Enclosed
spparatus shoald be adopted.

Enclosed rotary sieves (rotaries) or loug oscillating frume sieves ars used for
roughly grading crushed material. Rotaries should b mochanically fed and the
asbestos collected under enclosed conditions (ot always done) and exhaust applied
to the machine enclosures, otherwise unnecessary dust is created.  Some oscillat.
ing sieves are very open, the material being allowed to fall on the floor, and being
filled into sacka b &:d Very dusty conditions are then inevitable. Efficient
enclosure with ¢x§mm draugbt applied and, to avoid hand flling, actomatic
delivery and bagging lattices, also enclosed and exhausted, aa vsed in some cases,
are generally practicable. o '
crushed ssbestos) prepirsiory to Chrding. Cvrelol misisg or biesding of crusbed

asbestos, pre to . Careful mixiog or blending o
material is eﬂa:egby |prr33n it evu:fy in layers on the %loor over a cansiderable
area—cotion may be added at this stage if required—and when feeding, taking &
vertical cut through the mass. Admixture with & small proportion of cctton may
also be achieved by blowing it into the feed opening. "The opened material is
delivered upor s lattice and collected either in a e coutainer or iu sacks,
automatic bagging lattices being used in sowe cases. Mechanical feeding under
enclosed conditions, with exhaust draught applicd to feeding lattices or other
conveyors, should be adopted. Hand feeding gives rise to dust, from sack empty-
ing, shovelling and particularly mixing oo the floor. Mixing is a great hindrance
to elimination of hand work ; it is asserted that poor yarn results if it is not done
and that machine mixi? bas been tried and gave less satisfactory results. If
retained, it should be done at @& higher level than the opener, under a large
exhausted canopy and the mixture fed at a series of chutes. Delivery lattices
should be well enclosed and exhaust applied, as now done in some cases; otherwise
dast is evolved. .

Opened material not required at once, may be stored in open bins in the
workroom, iovelving emptying and filling l:u:.zs or ekips, which necessarily
cause dust. This storage in bulk should be avoided; alterpative arrangements
might be adopted which avoid dust. . .

Some material, e.g., Jong fibre waste from later processes, is opened at
encloscd lattice-fed teasers or willeys, pot infrequently of primitive design, worn
out, and emitting much dust, potwithstanding that a fan is an integral part
of the machine. These old machines should not be used for asbestos opening.
Dust may be emitted at feed points of modern machipes, particularly when the
feed is irregular. [Exhaust is necessary at the feed lattice for this reason and
also because feeding itself causes dust. The material is either discharged upon
a lattice for immediate collection, or blown into a chamber. The standards
suggested for Crighton machines should be adopted. '

~
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H lattice feeds are largely used with openiug machines; the hopper lips
are ‘bgg?esr feet 8 inches abol::gﬂo);r level. hr:cb ust is produced in shovel-
feeding as it is dificult to evaid scattericg at the lip. An euclosed lattice, fed
at or just below foar level, with localised exhzust applied to the enclosure is more

" satisfactory.

. Single dixintegrators, or two or three machines in series are used for break-
ing up textile or other asbestos waste, more rarely for opening. crushed asbestos.
Present arrangements for preliminary hand sorting of waste are unsotisfactory;
it should be accompliched at & covered bench, suitably exhausted. Whereas in
some cases, the indraught at the disintegrator feed openings caunsed by the rapid
rotation of the rotor is not sufficient to remove dust, and because, ot any rate,
as soon as it is stopped, escape of dust may result from reversed air curreats,
exhaust should be applied here also. L.

Disintegrated material is blown into chambers, a blower fan being in some
cases connected to the delivery of the machine to create 8 stronger draught. Air
pressure in the chamber is relieved in diflerent ways, the sides may be covered
with sacking, allowing much dust to escape, & ** relief balloon ** connected, or
exhaust applied. Chambers connected with disiotegrating aod teasing machines
vary in size, same are little more than a large box, others are more roomy. Some,

" but not all, sre separated from the workroom. They are entered for emptying,

the material being flled into sacks or skips by band after the machine is stopped
or the flow of material diverted to another chamber. Work in chambers is very
dusty and its elimination is most desirable. (See page 28.)

Carding.—Considerable developments bave taken place in recent ye:m..

-‘One or two important new cardroows have been started. Many uew machines,

including some of foreign construction, bave been installed.

The machines, of large overall dimeasious, arc of the roller and clearer
type. Modern cards are of high class construction and fitted with two dofer

- ?undm supported an a carriuge, which can be racked iuto or out of position.

or fine yarns, a breaker and s finisher, canstituting a set, is used, connected b
lattices, lap aliver fram the former being sutomatically fed to the Luisher card.
1n cases where the aliver is collected in cans, a Derby doubler is used for prepar-
ing laps for finisher cards.

Single machines and breaker cards are equipped with hopper lattice feeds
supplied from skips or sacks, handfuls being dropped in, and sbaken apart as
fed, or the sack emptied into the hopper. The asbestos falls intermittently upon
s creeper feed which conveys it to the * licker-ip * feed rollers, between which
poiot and the doffer the material is under enclosed conditions.

The material is combed from the open dofers of finisher cards, as a web
or ‘‘ sheet ’*, the sheets from the two doflers usually being combined at a con-
denser, and the resultiog sliver yarn wound into spools. Occasionslly, combed
web is collected without being condensed, the condenser carriage being with-
drawn. In other carding, the sliver may be obtained as & lap.

Admixture with cotton is usually acconsplished by carding the two materials
together, a cotton lap being mounted above the creeper feed, and the cotton fed
through the feed rollers with the asbestos. : .

he evolution of dust at cards is inevitable and & fine dust cloud may be
observed in most cardrooms. Suppression of dust cannot be realised unless
machibes are maintained clean and in satisfactory repair, and there is eflective
enclosure of various parts. Above all, localised exhaust must be.applied at
well-defined points of dust emission, and improved stripping arrangements pro-
vided. Wide spacing of machines is also desirable. -

The upper parts of modern machines are uwsually provided with well made .
wooden covers and the lower parts are enclosed below in metal. The frames
ure well enclosed at the sides. A hinged meta! cover, fitted in some cases, pre-
vents escape of dust produced by movements of the feed lattice. A curtain of
fabric is less satisfactory. In older types, E,nicularly, the wooden covers may
oot fit satisfactorily, the cylinders may pot be truly aligned with the frame and
uther defects may account for side escape of dust, not controllable by exhaust.
Such defects should be remedied. Creeper feeds, doflers and condensers and
connecting lattices between breaker and finislier cards are not enclosed. Dust
in evolved at doSer combs and at creeper feeds. .
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Localised exhaust ventilstion was first applied to cardin machives many
- years ago. Methods and apparatus have since been E‘duﬁxﬁ'y ﬁpmlgie“eg
more powerful exhaust draughts are pow used. One iarge firm bave " v
much success by staudardising their practice as regards poinis of app 153“03
of exbaust draught, design of air guides, size of branch ducts to air gudes u.nd
duct velocity. ust 1s applied at () the presser at the creeper feed; (b) fee
roller at h'cicr-in; (c) top of cylinder; (d) doffer, air guides or hoods being
fitted at these points with conpecting branch ducts. Muff cou lings, used ou
Lranch pipes, facilitate easy dismantling. Branch pipe sizes an duct velocities
are liberr The improveinest realised by applying powerful exbaust at each
of the points mentioned, at all of which evolution of dust is important, l.hgws
that this practice should be followed geperally and gives point to the view
expressed by some occupiers that carding con be carried on practically dust-free.
Apart from the above case, exhaust is applied ip nearly all cases to the cylinders;
in & moderate proportion to the creeper feed; in a few, to one dofler—the top,
and in one or two only, to the bottom dofler. DBut, apart from dust-emitting
points pot provided for, the results may be inadequate. _Carding machines are
occasionally inszalled and put into use without exhaust, this should never be done.

Efficient results are not possible unless the exbaust draught is applied as
closely as possible to the dust-producing points. Trapsverse air guides, with
branch ducts connected at each end, are apparently more efficient than pyramidal
boods of the usual type. Ducts of adequate diameter and high duct wvelocities
are essential. -

The usoal air guide for the cylinder, provided to effect removal of dust
both during carding, and stripping and grinding (though proved inadequate
for stripping) is placed a little above an opening in the crown of the cover. Two
branch ducts, as above, and in addition a larger central branch duct (for use
during stripping) are connected to it. Tbe shallow space below the back of
the air guide is closed up during carding by a wooden binged piece-—thrown
back for stripping—and the dust produced at the cylinder is prevented from
escaping by inflow of air from the room, at the front. The dust-laden air is
withdrawn at the side ducts. In stripping, inflow of air earryinz some of the
stripping dust takes place from below the lifted cylinder cover; the central
branch duct, kept closed by a blast gate during carding, is then fully opened
1) provide a greater air volume. .

In one factory, a circular doffer cleaning brush runs contipuonsly
above the dofler comb. A pyramidal exhaust hood is provided, but
much dust escapes; unless fully efficient exhanst ia devised an alternative to this
cleaning. if reslly necessary, should be found. The collection of combed web,
previously referred to, is done without exhaust and dust is produced. Collection
wight be effected by exbaust draught as applied for removing side waste at
condensers. : _

Notwithstanding the use of covers for card lattice feeds dusty conditions are
produced and exhaust draught shonld be applied at this point also.

_Stripping and Grinding.—Card ‘* stripping ** or cleaning ia done when the
machine is opened out for grindine, which follows eleaning and takes place at
each machine about once a week, but shorter and longer intervals also obtain.
In one important factory the two processes are combined in onc operation. Roller
and clearer cards must be opened out, i.e.. the lattice feed and breast, and con-
denser and dofler carriages are drawn back. the cylinder covers are raised. and
the various small rollers, which are cleaned nnd groond at & special machine,
removed. The cylinder is first cleaned, with the dofler carriage drawn back;
the carriage is then veplaced and the doflers, run at a greatly increased speed,
cleaned in turn. Cleaning takes about ten minutes and is usually done in working
hours, but in one case, at least, after. The men press their * strickles ** or fiat
hand brushes about 12 inches long covered with card clothing, sgainst the wire.
oovered surfaces.  Much of the debris is beavy and falls to the floor. Dust is
evolved in & densc cloud, some being removed at the cylinder exhaust hood. In
one onse floor openings, beneath the mnchine, are connected to the exhaus:.
Present exhaust arrancements are altopethcr inadequate. particularly so as
regards the bottom dofler. Much dust is therefore carried into the general
atmosphere of the room. The cleaners wear respirators or * helmets.*

In a few cases, more eflective measures are taken. e.gz., the opened-out
machine is almost entirely enclosed with high canvas-covered rcreens. In the
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works whers dlearing takes place after working bours, an auxiliary exhaust
system, with @ bood for the bottoms dofler, is brouglt into use.

Grioding which takes several bours, is ap automstic process eflected by
abrasive covered rollers driven by the machine. -The small amount of dust
produced is chiefly of a metallic character. -

In tbe factory where grinding and cleuning are combined, the dofler exhaust
arrapgements are first recocnected.  Much ﬁcss dust is evolved and ailzears
to be dealt with more eflectively. This firm consider tha: band strickliog before
grinding should pot be allowed. Their metbods may, bowever, not be gcneranﬁ'
applicable. A little strickling may be necessary after grinding to remoove &ma
pieces of débris. _

The trade ise that present conditions are not satisfactory and experi-
ments are being made with the object of developing improved appliances. In ope
cass a revolving brush is being tried, with independent exhuust draught applied
by flexible connectioss? it is said to give promise of success. The brush is
parrower than the hand strickle and less dust is evolved st a particular moment.
In another case, a vacuum Btting is under consideration. Previous use of vacuum
stripping was given up because of rapid erosion of the metal pipe bends and other
parts. Unless effective dust suppression is realised for stripping, all workers,
other than strippers, should be excluded while it is io progress and for some time
sfterwards, and the room well ventilated.

' Thbe machiue fur cleaning and grinding the smaller rollers, which gives rise
to much dust, should be fitted with eflicient exhaust arrangements—a straight-
forward matter—and as completely enclosed as practicable to collect the heavier
débris, precautions which are oot always taken. The machine is either iustalled
in the carding room, or in & room adjoining. Indepeodent machines should be
provided to deal with rollers of different lengths, otherwisc incouvenient adjust-
wnents, liable to be neglected, have to be made. :

Card Side Waste Treatment.—The irregular ** selvedge ** of carded fibre,
separated at the two sides of the finishing card, being unsuitable for aliver yaro,
ie removed by saction drought to & *‘ side-end ** machine, which prepares it for
further nse. - The material is blown upon perforated cylinders, the air escaping
at the side and the material being discharged oo the floor. The process produces
dus:, particularly when the feeding is irrcgular, the air then having 8 free path
between the cylinders. Tho material should be delivered under suction and not
under pressure, 3 ‘* pressure ** machine being unsuitable.

. Spinning and Doulling.—Yaru is spun at flyer or ring frames which may
carry up to B0 spindles, 40 on each side. Much piecing is required owing to the
comparative weakness of the fibre. A fine metal thread is spun with asbestos,
for brake linings and certain other purpases. Mule spinning is not practised in
this country. A large amount of doubling is carried on. '

Spiuniog, more particularly ring spiuning, gives rise to dust; coutinuously
produced by the ** ballooning * out of the fibre owing to the rapid rotation of -
the spindles, which may rup at speeds of 1,700 revolutious per minute; and
intermittently, when the yarn breaks. Doubling is less dusty than spinning.
While the amount bears no comparison with that produced in carding, and is less
than that from dry weaving, the workers are continuously exposed to sowe dust,
1more in some factories than in others, doubtless due to differences in working
methods or materials. Exhaust draught for its reroval has oot been applied
hitherto, but experiments in one factory have been so far successful that the firm
are prepared to equip all spinning and doubling frames with exhaust ventilation
plant, embodying (i) exbaust ducucgaralle] with the frames, above the tin rollers,
with shaped boods at intervals, each to deal with a small group of spindles, and
(ii). for more efective concentration of the draught, panclling for the ends and
lower parts of the frames bepeath the spindles, capable of being easily removed
when necessary. Such safeguards may require somewhat wide application
unless special geaeral ventilation is provided. :

Warping.—Warp beams arc prepared in the usual way from creeling frames,
a small evolution of dust occurring at the frames and beaming machines;
localised exhaus: ventilation could hardly be applied eflectively. A partitioned-
off space, mechanically ventilated erosswise, with extraction at low level would
eflect improvement. - ) : T ’
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Winding —Many winding machines ore used, varying from makesbift types
of primitive construction, st which the practice way obtain of bolding the yarn

-in the band, to modern universal winders for winding * checses.”’ ust may -
" be evolved to same extent, particularly in conuection with the above practice,

which could be eliminated. ~ Application of exboust draught will then probabdly
pot be necessary, except in particular cases. ) )

Plaiting oxd Braiding.—Plaiting and braiding, also carried on in engine
packing mg electric cable factories, and done at machines of normal desigu,
cause some evolution-of dust, eXcept where the yarn is impregnated with
*“ grease’ While the amount of dust is sometimes less thap in spioning, the
difference is not material. But there is perhaps less exposure of the operative
under ordinary working conditions and. precautiopary measures other thap
Jocalised exbaus: ventilation may suffice.

) Weaving.—Looms vary greatly in size and gencral arrapgenient. = As many
as 140 looms may be found in o single room, but this is exceptional. The clear
space between machines may not exceed 18 inches.  Sorme looms are indeEg:ndemly_
driven by electric motors. "Cotton warp or weft is somctimes used. Thin cloth,
fur mattress covers, filters, clothing, etc., is woven from a single warp beam
at 8 simple type of loom. Belting looms, for thick belting and brake lining
material are complicated, several warp beams, orranged in tandem under the
loom, or in some other convenient way, being required. These looms are narrow,
but often very long. Tape looms are also narrow, unless several tapes are woven
together when several shuttles, in line, working in unisoo, are used. Cloth is
beamed at the front in the usual way, but belting may be led under tke loom,
and coiled high above it, at the back.

Most weaving is ‘" dry,’” but sonie weaving is done wet, either warp or
weft, and occasianally both being wetted. Wet weaving is accomplished wore -
easily and a closer weave obtained, but rusting of beald Bttings, and the subse-

uent drying entailed and the less satisfactory appearance of the material are

3lsadvam.agcs. Thoroughly dry fabric is required for brake linings and rubber-
proofed muterial, and wet woven cloth may be strongly objected to oo this
accoust. '

Considerable evolution of fine dust occurs in dry weaving as & result of
(a) the forward movement of the slay in “ beating up,'’ this source being close
to the operative, () the repeated contacts of the rising and falling warp threads
with their neighbours, this source being the most important from a quantitative
standpoint, (¢) the disturbance of “ dust ** or ** flufl "’ oo machine parts, especially
those in motioz. A fine dust cloud may be observed behind the bealds above the
warp threads. Much less dust is produced in wet weaving.

Some ** dry ** looms are now fitted with localised exhaust usually applied
to deal with dus: evolved by both (a) and (), in some cases (a) only. (o) A fat
Eorizontal “* bood ** is fitted in front of the operative, just above the cloth, the
opening facing towards the healds; (b) eitber an u,}:;riglu pyramidal hood, placed
transversely, or borizontal flat boods, one on each side facing each other, are
fitted close behind the healds. The second arrangement is the more efective
for parrow looms, as the “ scissors-like ”* action of the warp threads appears
to displace mos: of the dust to tbe sides. The exhaust dranght has eflected
some improvement, but all the dust is not removed, especially that produced by
(). It may be impracticable to apply the draught to all dust-producing points
bebind the healds, particularly at long looms, but greater success would have
been achieved with more powerful draught and larger air displacements, as is

pow beipg recoguised. :

The metbods described for dealing with the dust created by (3) must be less
successful at cloth looms of ordipary width. A few such looms in one factory
have recently been equipped with large * bonnct * hoods, fitted transversely,
close down over the machine, covering the sloy, reed and healds. The hoods are
of hemispherical section, with extensions over the shuttle haxes. An internal
electric light fittiog, and hinged sections, facilitate working. A powerful
draught, suitably applied, shonld prevent escape of dust. gencrated within.
I another case, experiment is said to have shown that a transverse inclined hood
facing the operative, placed just below the warp near the front of the loom.
can be more offective for reducing dust concentration in the air breathed, than
present arrangements, and the new design is to be substituted.
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_ Application of efficient dust removal arraggements to weaving is clearly -
diffcult. The expedient of installing individusl machines or small groups of
machines io suitably ventilated small rooms or cubicles, as suggested under
* Warping " does pot appear to have been tried, but might be considered if
localised arrangements are not sufficiently eflective. Loog parrow sheds, for
a single lice of looms, ventilated as suggested, might be a possible alternative.

Cloth Picking, Ezamining, Measuring.—There operatious involve runping
out the rolls of cloth and tend to produce a small amount of dust. If carcfully
done, so tha! very little dust is created, other precautions may be unnecessary.

Non-TrxTtiLs.

Fiberized asbestos is pot used in some of the non-textile factories and
exposure to asbestos dust may be slight or even pegligible. Dust is evolved in
factories or departments where such material is prepared for subscquent use,
or for sale, and also in departments where fiberized material or dry mixtures
containing it are manipulated ip preliminary manufacturing processes. Agaiu,
finishing Eroc:sses. involving abrading or cutting at high speed, may be a source -
of dust, but such dust may contain only a small percentage of asbestos. The
lelication of exhaust draught, where suggested in the ollowinf description
of processes, is in most cases a straightforward problem, comparable with many
cthers met with in non-textile factories, e.g., woodworking and grinding, where
machinery similar to that described is used.

Fiberizing or Omi:f.—Fibcri;ing is almost exclusively confined to works
in groups (») and (c). Much of the work is done under less supcrvision than
io textile factories and unsatisfactory macbinery is more common. Primitive
teasers (‘' devils ') are used ip several mattress-making works, and chamber
work is also an unsatisfactory feature (sec p. 22).

In some ashestos-cement shect factories, crushed material, from edge runners,
falls into worm conveyors below, which transfer it automatically to disintegrators.
In one large works, the process is being ontirely enclosed; the material from
the edge runners, which are lattice-fed, will be discharged upon a conveyor and
raised by ar elevator to large overhecad storage hoppers, fitted with automstic
bangng lattices. Localised exhaust draught will be applied at feeding and
delivery points, where dust might escape.

Chaznibers bave beeu eliminated in some large works, with bepeficial results.
.The material, after being disintegrated or opened, is fan-handled, aud blown
to a hopper fitzed with bottom rotary delivery valves, the air being re-circulated.
‘The material is bagged at lattices. . Direct supply to & manufacturing paint is
aunther improvement mow being tried. Such pneumatic conveyance should be
practicable in many cases. Localised exhaust at feeding and discharge points
of these systems is necessary. Vacuum methods for filling sacks may af:o be
practicable. :

If chambers are retained, the necessity for entering them might be avoided,
by providing chambers of small froot to back dimensions fitted with low doors,
at which sack filling would be done, localised exhaust ventilation being applied
over the doors. '

(b) Miliboard, Paper, Sheets and Tiles.

The wet mixtures for millboard, paper, and asbestos-cement products are
prepared in © beater, as used ip paper mills. Dry fiberized asbestos is emptied
into the bezter trough, the sacks being shaken to some extent. Evolution of
dust occurs before the material becomes mixed with the circulating water. Occa-
sionally a sack is emptied before the ‘water is turned on. Several sacks are
required for a charge and the process is repeated a number of times daily.
Precautions are not taken at present but the dust might be avoided by
(1) mechanical fecding under cnclosed conditions, as appears to be done in some
foreign works, (3) applying exhaust draught, (¢} feeding in small quantitics
and in such a way that the material is wetted at once. -

Finishing processes on asbestoscement sheets include sawing to size, corru-

gating, pressing and drilling, carried on in some factories with the material
80 moist as to prevent dust, and this practice should bc adopted generally.
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Otherwise muzt dust is produced iv sawing. owiug to the rapid cutting speed,
and localised exbiaust is nccessary though pot applied. Similurly, turning,
* Bling and smooiking of dry asbestos-cement pipes, at lathes, may require exbaust
to remove the dust produced.

Synthetic compasition sheeting, sometiines made in a rubber deperisent,
ie produced frox dpo?x.gb consisting of Bberized ssbesios and rubber, wixed with
solvent in koeading machines. Dust is produced iu feeding the mixer with
asbestos, donc in au open manner by baod, from sucks or skips, the sacks being
.shaken out, or from an opeu lattice feed. Subsequent processes are dust-free.
-Exhaust should be applied at the feeding poiut. :

(c) Insulation Materials and Articles.

Compositions —*' Maguesia,” the woust important insulating composition,
is produced oo a large scale by the principal manufacturers, by enclosed methods
with pneumstic conveyance of the mixture to automatic sack fillers. Weighing
and feeding the fiberized asbestos gives rise to dust for which exhaust is
necessary. )

Fiberized asbestos or ** inaguesis *' is & compopent of mary iusulating com-

itions which may also contain clay, kiesclguhr, fossil meal, flax, bemp or
" Jute waste and other materials. The proportion of asbestos in the final product
varies widely. Ip many amwall works the materials are mixed ** dry,’” by baud,
* ip an open manner, involving sack emptying and filling, shovelliug and weigh-
iii. nclosed rotary mixcrs could apparectly be used for such work with
exbuust applied at feeding ’Pomu and the material dischurged and bagged
under enclosed conditions. If hand work is retained, exhaust should be app?icd.

Consolidated Sheets—Large sheets resciubling thick mats, built up of layers

of fiberized asbestos, are consolidated with silicate of suda, sprayed on ip manu-
facture. The shects may be backed on one face with millboard, or supplied
without a backiug. heing faced when fixed with millboard or ashestos-cement
sheets. _ :
The sbects are produced of the required size and sbape at work benches,
or built up on the table of 8 machine, capable of slow reciprocating moveuwcut,
sud fed from a hopper above. Ip the former case, the fiberized material is taken
in bandfuls fror skips and spread out in the fornis, the surplus being scroped
away and falling about st the sides of the work benches, and on the floors, a
considerable quaztity being scattered. Dust, pruduced in manipulating the dry
fibre, before treat:nent with the silicate of soda, is Jurgely avoide‘rut the nachine.
Efficient localised exhaust should be applied to the hand process with improved
bench arrangemexts, to prevent scattering.

Band sawing of piled shects, causes evolution of much dust, owing to the
considerable dep:l of cut. Tocalised exhaust alone, not yet applied, may prove
insuflicient. :

Sections und Slabs.—Moulded insulation is made chiefly in two forms, scc-
tions—semi-cylindrical and moulded hollow to suit various pipe sizes—and slabs,
which are rectangular and solid. These products are usually moulded wet, either
by band or machinery, from a paste or cream, prepared in 3 mixing machine
or tank. Feeding of dry .material involves evolution of dust which might be
avoided by one of the methods suggested for feeding beaters in millboard making. .

Sections are made at one factory by a dry process, at a machine indiflerectly
enclosed. Feed hoppers, filled from skips, deliver the asbestos to juternal latsices
which in turn supply a travelling band, at which the section is rolled by band.
Revolving brushes which clear the lattice and spread the material evenly on
the band give rise to much dust, and dust is produced at the hoppers, and in
rolling and brushing away superfluous material. Exhaust dranght, not hitherzo
applied, is 10 be provided at the exposcd brush and the machine is to be more
eflectively enclosed. An enclosed ** feed * is also necessary.

The sections and slabs are trimmed o size with circular or band saws,
Much dust is produced and exhaust draught is cummonly applied. but is in sore
cases inclficient. Circular saws used in some cases in pairs, for trimming ends
in one operation, can be fitted with exhaust hoods above and below the buenchies,
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and band saws can be enclosed below the tables aud inverted hoods ftted, the

exbuust draught being applicd as for woodworkiug machines. Efficient arrange-
mndpts nhouldie readily practicable for all sawing work lere.

‘:Matiresses.—Mattresses are manufactured by pructically all firms who

roduce icsalation requisites, though only occasiopally by some. Mattresses for
large contracts are made in the contractors’ premiscs, their outdoor stad taking
necessary measurements and preparing rough plans. A mattress bos sometimes
to be made on site. :

Mattress moking involves, broadly speaking, the sequence of processes
associated with the making of domestic mattresses. The work is almos: cuuregﬁ
band work. Lengths of asbestos cloth for covers are cut out ou & wide bew
and sewo up, by treadle or power driven machines, to an extent depeuding on
the method of filling. Large mattresses may be sewn along one side only or both
sides may be scamed and ﬁfling done from both ends. Belore filling, covers are
turned inside out. Supplies of Blling material, which usually, but may not,
contain fibcrized asbestos, are brought, in sacks or skips, Troin chambers, or taken

from open bins, in the roow, kept supplied from the chantbers, or from sacks

of material supplied by outside firms.  Filling is dooe by hand, scvop or shovel,
and quantities way be weighed. The end flling of long double-scamed mattresses,
referred to above, pecessitates the workmen mounting on the bench to empty the
material from skips into the opeuinFa. After filling, the mattress is levelled or
beaten, to make the filling lie evenly within, the haod or a flat wooden beater
being used. Fioishing processes include final sewing, stubbing or buttoning,
fixing ob hooks, etc. . '

Some dust is produced at the cutting out bench, in opening out the roll of
cloth, and at the sewing machine, but far wore in taking material from bins or
sacks, i weighing, filling and levelling. Beating of the cloth produces asbestos
dust, the amount of which is largely increased if the filling contains asbestos.
The work is largely done without regard to the necessity for suppressing dust.
All benches are entirely open. Localised exhaust draught is not applied.

One firm bhave improved conditions considerably by the followiug - pre-
cautions :— S .

(¢) Keeping floors and beoches damp aud spraying covers before
filling. Hose connections and spray fittings are provided.

(b) Sub-division of department into several independent workrooms.

(c) Exclusion during filling of all workers not so employed, the
excluded workers. procceding to another section.

(d) Mechanical ventilation of each room by cross veutilation, embody-
ing plenutn supply (warmed wheo necessary) at oue side and low level
extraction at the opposite side, the air being changed between 10 and 20
times per hour. .

{¢) Enforcement of use, by fillers, of respirators.

_ These preca'uf.ions do not include application of localised exhaust ventilation,
without which mattress filling and beating must involve somue risk of inhalation
of dust. For small mattresses, a wide double-sided canopied bench with exhaust

draught applied at gratings along the centre line might be used, the flling -

material beiny supplied within the canopy. Such a bench may not perhaps be
practicable for the making of large mattresses but the- possibility” should be
eﬁplored. Otherwise at least the precautions referred to above should be
adopted.

(8) Brake and Clutch Linings.

Before being impregnated, the dry asbestos cloth, knowsu as ** grey,” may
be calendered at squaring rolls and in all cases the coils ure eased out to separate
them a little, so ensuring thorough treatmnent by the liquid. A little dust is
produced in these operations but ipsufficient to render special precautionary
measures necessary.  Other preparatory work on *“ grey ** arises in the making
of special licings. Lengths of cloth are lightly hammcred to ring shape, in
templates, then cut with chisel or shears and the radial edges scwn together at a
wire-stitching machine, as used in book-binding. Dust occurs in hammerirg and
stitching. A canopied bench ftted with localised exhaust arrangements might be
provided aud the machine placed under exhaust draught.
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Dry impregnsted material is shoped and finished mainly by power-driven

S m;ndune.s, e.g. knives, circular and guillotine, cutting presses, bydruulic squeezing
presses aod bund sawas. Cutting and sawing expose ends of wire and leave rougs

edges; trimming and smoothing, done on grinding wheels and linishers, are
necessary to oblaic exact size sud fuish. All the operatious, except squeezing,
roduce waste, and dust is created in some. The dust is Leavy and sticky and
ess likely to fly about than dry asbestos dust. The amount 1s cousiderable at
sawing and grindiog machines and localised exbaust draught, to rewove it, has
been applied—in some cases with much success—and is always necessary.

" Inverted boods are fitted at band saws, just below the tables, the dust being
drawn through the small openings in the table guides. A powerful draught is
essential. - : :

Grinding and Bnishing wheels include, i additivu to ordivary siugle-disc
machines, two-disc and vertical spindle segmental grinders, used for flat Livings.
The boods by which the draught 1s applied to all these types are similar to those
applied to the same machines when used for meta! grivding. The position is
similar as regards linishers, a hood being Btted in linc with and at the back of
the band. A baflle plate to prevent dust being carried past the hood by the high
linear speed of the bund is a necessary addition.

Special linings and anti-friction bushes are moulded from disintegrated
impreguated waste. Some dust is created in the filling of moulds and ethcient
localised exhaust draught may be necessary. The articles are shaped and finished
as just described. Bushes are turned and bored in lathes, with production of
waste and dust, bat exbhaust draught is pot at present applied though possibly
pécessary. : .

{e) Packing and Jointings. ,

Engine packiog is either (a) ** cloth ** packing built up from eloth, usually
rubber. proofed oo both sides, bandling of wbich does wot cause dust, und
(3) ™ rope radung made from yaru, at braiding aud plaiting machiuery, as
used in textile factories. (o) Negligible amounts of dust may arise at the
spreading machine, from the unproofed cloth, aud, in buildiug vp, from material
proofed on one side only. (b) *‘ Chevses ** of yaru are first rewound on bobbins
for the braidiug and plait;ng machines. . Simple winding mechanisms are used.
Some little dust is produced; special preventive measures will usually not be
necessary.

Flat packing, known as ** wmet,’’ is made, on a small scale, from asbestos
yarn, threaded on a needle and wound in and out by hand, as balls of wool are
wound. Thbis apparently insignificant process causes suflicient dust to cover in a
sbort time the hair and clothing of the workers and should be doue at a canopied
bench provided with localised exhaust arrangcments.

(f) Asbestos-covered Electric Conductors.

Electrodes.—Electrodes are either wrapped with yarn, the usual method.
or passed throufgh paste contaiuing asbestos libre, yarn being wrapped upon this
coatiog. The former method is usually achieved by a swmall Tligh speed stranding
machine fitted with a flier carrying the spools or bobbins of yarn, the wire
travelling axially through the flier. Treatment with consolidating liquid,
etraightening and cutting to length follow, all done at the stranding machine.
Alternatively, single electrodes ma;}be wrapped by a simple winding 1echanism,
band-operated or power-driven. Pastecovered electrodes are also made singly
at :mg ! extruding machines, a flier for feeding the yarn being fitted behind the
extruder. :

After drying, a short length of the covering at unc end is ground away,
leaving. the bare metal nccessary for making electrical coutact in the bolder,
when 1n use. Smali abrasive wheels, almost entirely enclosed, are used.

Swall amounts of dust arc projected from ficrs, thoush insuficient prob-
ably to require the adoption of special precautions. Much dJust is produced
io griuding ends and efficient exhaust ventilation is essential; present apparatus,
where provided, is.capable of improvement. The process would be uunecessary -
if bared ends were left in manufacture, and experiments directed to this desirable
erd are being made and give promise of success. '
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Prepuratory processes in paste mukivg include (1) dry grindiog of fiberized
asbestos by swaull vertical disc griudivg wheels, fed at the wotre fruwc 8 bopper
above and discharged from the periphery iuto a box below, aud (ii) haad mixing
of the ground mnaterials at a bench, involvivg emptying out of dry material into
pans. Dus: is produced, the amount beiug cousiderable v grindivg. Little
precautios is taken. Tbe processes might be uccoumplished under almos: entirely
enclosed couditious, eflicient exbaust draught beiug applied. ut points where
dry material is exposed, e.g., io feediug.

Rewinding of yarn is sometimes Decessary aud primitive arraugenieits moy
be used, the practice referred t ou puge 24 being fullowed, and as 3 coasiderable
amount of dust is produced, the practive should be given up.

Cable and Wiring.—Asbestoscovered cable and wiring constitute a smoll
percentage of the output of the cable factories. The yarn is braided aud plaited
on the conductors at machines, uot reserved for ‘' usbestos ™ products, similar
to those previously described. Rewinding of ** cheescs,’” as recvived frex asbestos
textile factories, is douc at universal winding machines. The amouut of dust
evolved is small, and special precautionary measures are apparestly pot required.

Ficld-coil Wrapping.—Field coils for electrical machinery are wound with -
asbestos tape by hand at ordinary work benches.  The process does not give
rise to apprecisble quantities of dust.

{g) Miscellaneous.
Moulded Goods.—Some electrical insulativg bttivgs are woulded from
varnish-impreguated fiberized asbestos, prepared after thorough dryicg in a
wixer aud grouud ju ap edge runuer.  Alternatively, impregnated scrap, ground
iu a ruwmbler, way be used.  The preparatory processes on (fry or practically dry
Laterial are intermittent, and iwvolve sack emptying, shovelling, weigi:ing.
filing and emptyivg shallow trays. Tbey are carried on iu an opeu manper
without spccial precautions except that as regards grindiug, hangiug curtains
may be used at the edge runner, and the scrap ruwbler is ensclosed.  Dust is
evolved iu the processes mentioned and localised exhaust ventilation should be
spplied to efect its removal, with, in addition, eflective enclosure of somc hand
work, e.g., emptying of trays into machines could be done inside a cabinet
.rrovided with internal arrangewents for securing the trays and an external
iandle for turning them over. Localised exbaust may be wecessary for final
trimuing if doue at abrading wheels.
Moulded articles made in other trudes muy cuntain but & small proportion
of asbestos, although a large quantity may be used. In ouc cuse the asbestos
" is sieved after drying, both operatious being done in enclosd machiues, and,
io addition, dry mixmi,sdoue iu rotary machines, and paste wixing, ox open
rolls, as in rubber works, arc also required. Processes carried on wit: some
risk of exposure to dust include emmptying of sacks into bins, filliug of trays
for drying, feeding at the sieve elevator hoppers, the dry mixer, and the rolfs.
Localised exhaust is applied at (a) the clevator hopper, (1) the storage chamber
above an iutermediate baggiug point, (¢) the dry mixer, and (d) the rolls. More
efficient arrangements appear to be desirable for (a) and {c); the feeding of the
elevator migk: be done under enclosed conditions’if a cabinet as mentioned above
were provised ioto which the trays could be inserted. Localised exhzust is
necessary at storage bins. Final trimming of rough edges is done under eficient
exhaust draught.
Other processes of comparatively minor importance, e.g.. asbestos putty
mixing, in which there is handing and fceding of dry material in prepcratory
vrocesses, will call for precautions as previously described for similar work.

4. —Sacks.

Iu a few cases sacks of sailcloth or other closely woven material are used
inside the factories. Such sacks are much to be preferred to those made of the
ordinary material, which is * leaky " and gives rise to dust in handling.

5 —Cieanine ofF Wonks, Maciingny axp Sacxs.
Some factories are kept in a morc cleanly state than ethers, but higher
standards and improved methods are desirable generally. Weekly cleaniry by
dry methods is general in textile factories, but 1s more cflectively done ir some
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wm than io others  Casual cleauing may also be done during the week. . The
et which ers in & week renders cleaning a very dusty operation.  Young
- wukers may be seen an carding muchines brushing dust into the air from the
wmwrs, et io considerable anount, near other workers. Some firms bhave
‘mskerted more frequent regular cleanings and wore satisfactory methods by
dwping before sweeping. .

Veconm deaning methods have not been adopted and such inethods seem
w3 regarded as impracticable, but this can hardly be accepuwd. Portable
mmmm sets sre copstantly used with great advantage in other classes of works,
ag. electric aable factorics, by adult cleaners who keep the machines, plant,
mce pipes, etc., tharoughly clean. :

If vacoxm methods are not adopted, well organiscd daily cleaning, ba' adults,
saing damp methods for floor cleaning, should be the rule in textile factories.
Amater supply with suitable hose and spray conunections should be provided.

" Dé&ris produced in asbestos-cement sheet works under moist conditions may
hmane dry and case general dusty conditions.  Cleaning should be so frequently
dam 22 to prevent this.

Tbe deaning woder machines such as loowis and cards entails collecting

- maly of considerable value, done at prescut by hand.  Vacuum collection should

bepuaible - o priociple, it is already used for removing side waste at finishing

ot The sound principle of collecting card waste, through floor openings,

ber deen adopted in one pew factory, and might be followed in others, with
asiematic collecting arrangerents. '

Back deaning is donc in a few large works in enclosed machines, involving
s risk of exposure to dust in filling and emptyiog, notwithstanding the
powion of localised exhaust ventilatiou. A type of * exhausted " machine
sdardk doex nat involve such work is to be preferred.

6. —SuMitaiy AND RECUMMENDATIONS.

. Asbestos factories and workshops cover a great variety of processes. The
Premises differ widely in structural features and are congested in many cases
with moachinery or material. Processes are largely carricd on in close association.

. Dust is produced at maoy kinds of inachines, in hand process work, and in
Nﬁincid:nul opcrations, particularly in emptying setthing chainbers, and in
all bandling of * ﬁgrizcd ** asbestos.

In textile factorics, pure asbestos dust is continuously produced, in differing
amounts, at all the principal machines. Card stripping, a very dusty operation,
is amally eflected Ly hand strickles. Hand mixing of differeut grades and
varieties, incidenta! to opening provesses, is also dusty.

. In non-textile factories, pure asbustos dust is produced at opening machines,
in feeding miachines, in making insulating wattresses (a dusty hand process), aud
10 mcidental hand work. Dust, though rarely purc asbestos, is produced in

ng operations, e.g., sawing, grinding and other alrading of asbestos

. The appropriate methods for suppression of dust way only be fully deter.
mived wheu the harinful eflects of comparatively low coucentrations of asbestos
dus are duly appreciated. Very dusty processes will not fail to be recognised,
but in processes such as spinning and weaving. in which in other textile trades
special methods for dust control are not required, due precautions are also neces-
sary. The asbestos manufacturers are clearly confronted with the necessity of
attamning conditions in their industry which will ensure snuch less dust in the
atmosphere than can safely be tolerated in many comparable trades not using
asbestos. : °

Tbhe principal methods for the contrnl of dust are:— .
(a) application of exhaust drauzht at dust-producing points:
() substitution of cuclosed mechanicul methods for hand couveyance,
and for dusty hand work generally:
{c) eflective enclosure of dust-producing machines and plant;
(d) substitution of wet methods for dry.
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" Each of these has its particular sphere of utility, and the particular indica-
tioos for their adoption are put forward inter alia n the recomendations below.

RECOMMENDATIONS.

(1) Applicatioz of Efficient Localised Exhaust Ventilation at dust-producicg
’ points,

This nicasure, of the greatest immportana where manufacturing and incidental
rocesses occusion escape of dust not controlled by euclosure or other measures,
is necessary for :— :

(@) Dust-produciug muchiuces, e.g.—

(i) Crushing, disintegrativg, wasing and other opeuing
machines; sieving machines; fibre grinding machines; dry mixing
machines; rolls fed with dry mixings.

(ii) Carding machines (to suppress dust from cyliuder and
dofTers, caused by stripning and grinding, iv addition to that pro-
duced by carding); eard zide waste exhaust machioes; looms for
dry weaving; stripping and grindivg machines; other textile
machines, if the dust evolved renders this preventive measure
necessary. .

(1ii) Sawing, grinding, trimminyg, polishing and other abrading
machipes, used on dry asbestos products.

{b) Feueding and delivery lattices, or other vouveyors, ot 1machipes or
other plant; feed hoppers at elevators; baggiug lattices; feeding of dry
material at wet mixing machines.

(¢) Chambers, containers, ** cyclone ** hoppers, or other enclosed space
into which fiberized asbestos or mixtures containing it are delivered, or
pass. .

(d) Work benches, e.g. for mattress making, waste sorting.
. () Various band operations, e.g., sack emptying and filling, weigh-
ing, mixing.

This is the principal measure hitherto adopted, and is probably that mos:
geoerally applicable. It has been applied to some only of the above machines,
aud appliances, but not to hacd work. The methods of applying the exhaust
draught, and other associated factors, are becomiug miore efleciive, but there
are few fully satisfactory plauts. Special dificulties femain to be overcome in
some ecases, ¢.g., looms, mixing, mattress waking. If not surinounted, an
alternative, viz., general ventilation of a bigh standard spplied so as to draw the
dust-ladeu air away from the worker, should be provided. '

(2) Substitution of enclosed mechanical methods for hand conveyance, and for
dusty band work generally.

Tbis measure— : :

(2) avoids depositing material in chambers, intermediate fillipg and
eniptying of sacks or skips, hand feeding of machines, and other incidental
. haod work;

(b) pernits of final flling and weighing, under the least dusty con-
ditions, of materials for dispatch;

(c) renders exhaust draught more effective, or, in- some cases,
unnecessary. :

_ It is already employed to some extcot, and its further application, wherever
possible, is greatly to be desired.

(3) Effective enclosure of dust-producing machines and plant.

- (u) To prevent escape of dust not controlled by exhaust draught, or
() to render its application more eflicient.
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(¢) Substitution of wel melhods for dry.

To reduce the dust gives off in certain processes aud work, ..,
(a) a:considerable amount of weaving;

(8) mattress making, by wetting the covers before filling, and by fregueat
wetting of floors and benches;

(c) finsl sawing, and otber machiue rrocesses. in asbestos-cement shee: and
tile factorics, before the prepared wnaterial bus had tie to dry:
(d) works’ cleaning, by damping floors and benches, beforc brushizg or
sweeping. - .
This measure might be adopted to a greater extent thau at present.

(5) Elimination of certain dust-producing appliances.

Certain applisnces are used in a few works, sometimes with a wmeasure of
precaution, but which emit mucb dust, diflicult or impossible to coutrol by efficient
enclosure or exhaust draught. They should not be retained unless efectively
modified. :

(a) exposed dofler brush at carding machines;
(b) card side waste exhaust muchines, delivering uuder pressure;
(¢) certain willeys and teasers, particularly old machines.

(6) Abandonment of Settling Chambers in Manufacturing Processes, to tse
utmost extent.

(7) Effectual separation of processes to prevent unnecessary exposure to dust.

New factories sbould be laid out s0 as to avoid exposing workers to risk
from processes upon which they are not engaged. 1In particular, there should
be eflectnal scparation of— : :

. (o) opening, cardivg and weaviug, from each other, and froux apy
other process;

(b) spicning, doubling, plaiting and similar processes, from work
not causing dust; .

(c) mattress making, froin all other work;

(d) chambers, containing fiberized asbestos in bulk, and dust seilivg
chambers aud apparatus, from any workroom.

The separation of mattress making should be adopted in existing works,
and other separation referred to, as far as practicable.

(8) Wide spac{ng of dust-producing machines in new factories and, as far as
practicable, in existing works.

This mcasure would bring about permanent reduction of dust concestration
in the air of the workroom as a whole. and provide improved cleaning facilities

(9) Use of sacks of close texture material for internal work.
10) Efficient cleaning system wilh wide use of vacuum methods. (See also (4).)
(
(11) Storage of asbestos and other goods to be outside workrooms.

{12) Exclusion of young persons {rom specially dusty work.

z\'olc.—ParLic_ulur prcvculi\c measires of o medical nature are referred o ju
Part I, where also the limited value of respirators as a saleguard in this industry
3s briefly discussed.
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NoTx uN Exnausy VENTILATION IN AsuEsTus WORKS.

Some exhaust plants are corefully designed and reusonably efficient, but
sowne are i]l-desigueg and iuefficient; others, again, do not eflect removal of dus:
to 3 sulbcient exteut. The draught may not be applied as closely os possible w -
the dust-produciug puinte, or may be too weak. Lhe coiission of & visible dus:
cloud at a poiut where exhaust is applied is a clcar indication of inadequacy.

Extensive alterations of existing plants may produce serivus loss of efliciency.
Exhaust provision for new machiuery and processes should, therefore, gener;ll\-
speaking, be made independently. {Vhilc advantages result from dealing with
many dust;groduciug ints, by a single exhaust plaut, 4 nuinber of self-contained:
plauts, with independent fans and settling apparatus, is ofteu more effective.

Exhaust veuntilation applied un a large scale entails continuous removal of
8 considerable volume of air frum the room. The supply of fresb air must be
arple or the efliciency of the exliaust veutilation may be reduced. Iu winter,
the workers arc liable o bring about this result by closing windows and doors.
Plenum wentilation capable of supplying the voluine extracted, the incoming
air beiog wurmed, tnay therefore be desirable, where extensive exhaus: plants
are installed. :

Efficiency of au exhaust veptilation plant may be greatly reduced by in-

efficient dust-settling methods. Each fan should discharge into ap independent

settler. Scttlers adopted in asbestos works include cyclones, large chambers
vonpected with cyclones, large chambers enclosed with sacking or other filterin
material, and bag filters. Cyclones aud chambers are usually well separate
from workrooms.  Bug filters are uow being commonly adopted; for small ins:al-
lations. These filters and ** balloons ** are sometimes plaved inside workrooms.
a bad practice. They are best pluced in freely veutiluted rooms, eflectively
separated fromn workrooms.

Filtering fabries fur settling dust gradually becowe clogued; and as this
effect increases the exhaust plont becomes more and niore ineflicient, the volume
of air moved by the fau being reduced. Such settlers must therefore be kep:
clean. The usual practice i« to beat the filtering waterial.  Arrangemeuts for .
shaking bags from outside. or automatic shaking apparatus are not provided.
Asbestos dust docs not appear to be so difficult to detach fromn suitable filtering
material as some dusts, but much dust is produced in beating.  Efficient shaking
arrangements, avoidingo this exposure, should be provided if this methocé of
settling is retained. me frms strongly support the view that it should be
given up because of the difliculty of maintaining the exhaust plant at the highest
eficiency. The matter merits careful consideration. In particular, the
efliciency of the exhaust plant should be kept under constant observation by a
responsible person. :

Cvclones should be of adequate dimensions. The combination of chamber
and cvelone is used extensivelv. the fan discharging the air into the chamber.
to which the cyclone inlet is connected. The efficiency of this arrangement should
remain practically constant.

E R. & MEREWETHER
CHAS. W. PRICE.

14th March, 1930.

W= Wy B A-TIYB b WV P G



