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The Right Hon. J. R. Crynes, M.T,
His Majesty's Secretary of State
tor the Home Department.

Home Orrice,

17tk Mareh, 1930

SIR,

I submit herewith a Report by Dr. E. R. A. Merewether and Mr. C. W,
Price on their inquiries into the health conditions ot the asbestos industry. Dr.
Merewether's investigations on the medical side are of great scientific value
‘They establish the facts that the inhalation of asbestos dast over a period ot
years results in the development of a serious type of fibresis of the lungs, that
the development of the disease varies in direct proportion to the length of the
exposure to dust, and that susceptibility to the disease is not affected either by
age or sex.

The remedy for thess conditions is to be found, as in the vase of so many
industrial disenses, in the suppression of dust. The sccond purt of the Report
indicates that this point has only recently been appreciated. In the non-textile
section of the industry, no serious difficulties arise as regards the application
of exhaust ventilation. For the textile section, it is evident that a good deal
of experimental work will have to be oarried out before completely successful
ventilating appliances are evolved effectively to remove nll the dust.

I have the honour to be,
Sir,
Your obedient Servant,
GERALD BELLHOUSE,
H.'M. Chief Inspector of Factories.

WK190201



Report on Effects of Asbestos Dust on the Lungs and
Dust Suppression in the Asbestos Industry.

PART L

THE OCCURRENCE O PULMONARY TFIBROSIs AND OTHER
PULMONARY AFTFECTIONS IN ASBESTOS WORKLRS

1.—INTRODUCTION.

This Report is based upon the data obtained iu an exteusive investigation
during tbe years 1928 and 1929. The inquiry was initiated by the Factory
Departinent of the Home Office following the discovery in February, 1928, ot 1
case of non-tubercular fibrosis of the lungs in an asbestos worker, of sufficient
severity to necessitate treatinent io-hospital (Seiler's Case').

I'rvior to this, this Departinent bad kuowledge of only two deaths of asbestos
waorlcers, about whom there was expert opinion that the inhalation of asbestos
dust had at least contributed to, if uot caused, the fatal cutcome. The first of
these, now referred 0 as the ' Moutague Murray Case,’"’ occurred in 1900,
but all that is known concerning it is contained in the evidence given by Dr.
Montague Murray in 1008, before the Departmental Committee on Comipensation
for lndustrial Diseases’.  In this case post mortem examination confirmed tho

clinical diagnosis of extensive non-tubercular pulmonary fibrosis. The second

{Cooke's Case’) occurred in 1924. Here, although Cooke' and Stuart McDouald®
were of the opinion that the lungs showed a progressive dust [ibrosis together
with a chronic tuberculous infection, the etiological relationship between the
inhalation of asbestos dust and fibrosis of the lungs would have been strengtheuud
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 existencc of a serious health hazard in the industry,
but some experiments on animais conducted in 1912 by Professor J. M. Beattic
of Shefficld University for the Deﬁartmcnt showed that the inbalation of asbestos
dust will cause a mild degres of fibrosis.

When, theretore, investigatiou of Seciler’s Case showed that other industrial
and infective causes of fibrosis could be definitely excluded, the necessity of
deciding whetber the supervention of this disease in an asbestos worker was an
exceptioual occurrence, or evidence of a grave health risk in the industry, was
apparent and the investigation referred to was undertaken.

2.—Errzcts or JIrrITANT Dust Uron THE Luncs,

The most izportant local effects which may follow the inhalation of dust
include pulmonuary and bronchial catarrh, asthima, brouchitis, fibrosis of the
lungs, and sccondary changes, such as cmphysema, local or diffuse. These
changes in the lungs, which may bo looked upon as a mcasure of the efforts of
the living tissucs to repel or incarcerate the irritant particles of dust, necessarily
cause intcrference with the general efliciency of the lungs. The impairment of
functionul capacity may be slight or severe, and temporary or permanent, de-
pending on the varicty of dust, and on other factors, such as concentration
of dust and length of exposurs.

~ Moreover, individuals whose lungs have been affected as the result of the
inbalation of some dusts, show an increased susceptibility to the supervention
of respiratory infections, such as tuberculosis or pneumonia.

Fibrosis of the luugs is recognised to be the most important lesion causcd
by the iuhalation of dust, and the proneness of workers with a dust fibrosis to
be affected with pulmonary tuberculosis has been shown to be the main cause
of the increased mortality rate from the latter discase in certain dusty occupa-
tions.

LTS LY
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This triad-—exposure to dust, Abrosis of the lungs, and high mortality rate
srom nulmobarv tuberculosis—was found to be common lo a number of large
and mportant industries, and in ail of them the dust incriminated swas Iree

crystalline silica (310).

These features were not observed., however, in other ‘industries 1 which,
while there was exposure to siliceous dust, the silica was found to exist in the
-~rbined form as a silicate and Dot in the free condition.

Thus, shortly, free silica came to be regarded as the pre-eminent cause
of industrial Abrosis of the lungs and as a nutable factor tn the production
of the excess mortality rate from pulmonary tuberculosis in certain industries.

Whilst the pulmonary fibrosis produced by frce silica (Silicosis) has een,
and is being, minutely investigated, the potentialities, as fibrosis producers,
of dust other than free silica have net been fully explored, although it appears
certain that some other inorganic dusts can, and some cannet, produce fibrosis
under the conditions met with in industry.

That a serious, even fatal, degree of fibrosis can be ﬁroduced Ly some
of these other dusts has not been generally appreciated, although Badham in
a thoughtful paper* has drawn attention to this point, in reporting a fatal case
of pulmonary fibrosis caused by dust of an orthoclase basalt containing no tree
silica.

The Nature of Asbestos.—The fibrous minerals commercially known as
asbestos fall into the latter group, the silica being combined with metallic bases,
mainly magnesium or iron and, to u less extent calcium, sodium or aluminium.
The term i3 a collective name applied to a variety of silicate minerals which
differ from each other in chemical composition and physical properties but
resemble one another in their ﬁneli fibrous nature and flexibility. ‘Lheir value
depends oo the facility with which they can be split up into long and flexible
fibres for spinning and weaving, on their resistance to heat and acids, and on
their insulating Lgroperties with respect to heat and electricity. Varieties of
asbestos possess these characteristics in differing degree.

Practically speaking, all that goes under the name ashestos in commerce is
cither fibrous serpentine, or a fibrous mineral of the hornblende group, of which
the most important are crocidolite, amosite and tremolite. Serpentine asbestos
or chrysotile is essentially a hydrated silicate of magmesium, containing little
iron and practically no calcium. The hornblende varieties contain less mag-
nesium and usually more calcium, alwninium and iron—<crocidolite and amosite
being mainly silicates of iron.

3.—ScoPe OF THE ILVESTIGATION.

Asbestos is very largely used in industry, heing an important constituent
of many different products. The diversity of industries concerned made it
essential that some restriction of the field of investigation should be decided
upon.

The manufacturing processes allected fall more or less sharply into two
groups (1) those in which there is exposure to pure asbestos or asbestos mixed
with a very small percentage of cotton or other vegetable fibre, and (2) those
in which there is exposure to a mixture of dusts, of which asbestos 13 but one.

The former group comprises, in the main, the textile branch of the industry,
1 branch manutacturing insulating materials from practically pure asbestos,
and some preliminary processes in other branches.

The latter group includes a number of processes in which the proportion
of asbestos in the dust cvelved ranges from a negligible quantity upwards.
Since 1t i3 impossible to evaluate the effect on the lungs of mixed dusts, of
which asbestos dust is only one component, until the action of asbestos dust itselt
was determined, the examination of workers for the purpose of this enquiry
was restricted to workers employed in processes iocluded in group (1}, in other
words, to workers as nearly as possible cxposed to the influence of pure asbestos
dust. Turthermore, the effects of previous exposure to other irritant dusts,
such as that of free silica, had to be excluded.

VWK1902073
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The Population u: Risk.—The gross number of workers who mav -
exposed to the inhalation of asbestos dust to any extent is unicnown. and. ow.n
to the great variety of processes concerned, there are insuperable difculzics :
ascertainiog this figure. Nor, 1o fact, would enlighteament on :tius point
of ‘any particular .value. )

"

@ LYIF.

(4}

[t is otherwise, however, with respect to the figure represcnting the number
constantly exposed in the course of their daily work to the influence of pure cr
almost pure asbestos dust. 3ome information on this point is very desirac.e
to check he adequacy of the sample of workers examined. and to civisage the
problem confronting the industry.

While only a rough approximation is possible, it 1s believed that about
2.200 is the present number of persons ic this country exposed in their daiv
work to the inhalation of asbestos dust, either pure or admixed with a2 smail
proportion of cotton. It should not be overlocked that this figure decs n::
iuclude the considerable number of workers exposed to the influence of mixed
dusts of which asbestos is but one, and commonly not nerc than 20 per cons
ot the mixture.

Of these 2,200, the sample examined numbered 363 (excluding 11 Jor
reasons referred to later) or 16.5 per, cent.

Selection of Workers for Eramination.—The selection of workers tor
examination was not left entirely to chance, since it was early evident that th
proportion of thoso employed 10 years and upwards in the industry was very
small; therefore, in actory those longest employed were preferred. since
the importance of including a suificient sample of this group is evident. lLegard

was also paid to the other end of the scale so as to obtain information as o,

the length of exposure to dust necessary before effccts arc maniicsted, and aln
to the particular process on which the worker was engaged.

By balancix:g the component groups of the sampie in this way as the
enquiry procceded, it was felt that the maximum information would be obtained
in the shortest time.

It follows, therefore, that in respect of length of exposure to asbestos dust,
the component groups of the sample do not bear the same relationship to each
other as the corresponding groups of the industry under review. The 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
tetal number en on those processes in several factories. Tuable 2 shows the
sample of 363 workers distributed in the same way.

Tanz 1, Tavie 2
!
Years Percentage Yoars v Percentage
smployed. Number. of Total. ~mployed. N ombaer. of Total.
|
. 3 l 013 T TR TR
=% .. 200 I 1 XY ] 5-0 .. : 14l Y 3-8
10-14 .. 1) ! s-8 10-14 .. B 94 v 232
1-19 ... .. 4 ' 31 16-19 ... . 28 7.7
20 and over .. 17 i g2 20 aad over - 21 : 3-8
Totals . l 778 100 Totals 363 100

The cnormous premndera.nce numerically of workers emploved under five
years is striking, as also is the very low percentage of workers emploved 19
years or longer.

Comparison of the two tables shows that the effect of the method of sele:-
tion of workers for examination is that the number examined in each sucgessive
five years employment group is a progressively c%re:u.er proportion of the total
number which could have been examined in each particular group

6154 . At
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With a solitary exception all those examined were at work on the day ot
examination.

Fhe Clinical Ezrumination and Standards udopted. —'T'he nature .nd
curpose ol the inquiry were explained to each worker whomn it was propesed
to examiue, individually, and his or her co-operation obtained. Lach -
dividual's previous industrial history, subsequent to leuving school, was noted
i detarl.  This was essential in order to cexciude. especially, the eifect of pre-
vious work in any of the numerous provesses iuvolving exposure to iree siica
dust, and, to a less extent, the eifcet of other dusts. Similarly, the -
dividual's medical history was scrutinised from childhood onwards, to deternine
the physical level on entry into the industry and any subsequent changes
Particuiar attention was paid to accounts of pulmonary ailments, some of
which, like asthma and bronchitis, are common enough amougst the zeneral
population, vet are also non-specific signs of irritation caused by the inhalation
of dust, whiist others, like influenza and pneumonia, are occasionally followed
by a degree of pulmonary fibrosis. War service, if any, was ﬁ::e into, especially
as to whether there was any history of the worker having been a gas casualty
at any time. The family and personal history in respect of pulmonary tuber-
culosis was enquired into, and also as to any Hose asaociation with known cases
27 this disease in friends or relatives. In approaching the pertinent subject
nf symptoms, great care was taken to avoid leading questions, especially in
cliciting information as to the existence of any undue shortness of Lreath

The actual details of the physical examination do not call for comment,
inasmuch as they followed the usual lines of a detailed examination of the
chest, with observations of the general health and of the condition of the upper
air passages.

Reference must be made, however, to the standard of normality adopted it
assessing the state of the lungs. The appraisement of any departure (rom the
normal necessarily pre-supposes the existence of such a standard. Lvery
clinician has attained, as the result of experience, his own clear conception of
! the normal chest, but it is nct often that he finds it necessary to define this

state in so many.words, in fact it seems scarcely possible to do so, and this tor
several reasons; the heart and lungs function efficiently within wide limits ot
applied strain, and, although vestiges of past disease may be present aud
apparent on examination, they will be ununportant if they will never tax the
organism beyond these limits, ure non-progressive and do not predispose to other
disease. Age itself has recognisabic effects, but for this renson alone, the chest
cannot be considered abnormal.

There is obvious dispurity between the standaru of physical lituess required
for an air pilot and that requircd for life insurance uat ordinary rates; in.
dividuals reaching either standard can be classed as ** noemal,’* yet ‘many attain.
ing the latter standard have never approached the former.

Thus, within limits, various gradations of normality may be distinguished,
and correspondng standards constituted without inaccuracy, the precise status
of any standard being determined by the purpese for which it is established.
For the purpose of this enquiry the standard adopted has been that evinced
in any large group of persons living under similar environmental conditions,
apart from work in dusty occupations, as those of the group being considered.
This is neither a high standard nor a very low standard, but the average stan-
dard of normality displayed amongst the industrial population of this
country.

Radicgraphic Ezamination of the Lungs.—Iu addition a careful radio-
graphic examination of the chest was made in many (133) cases, the necessity
for which in investigations into the effects of dust upon the lungs has Leen
emphasised repeatedly Re' various authoritics. [t was not, of course, feasible
to obtain technically sufhicient radiograma of all the workers cxamined, derived
ne they were from factorics scattered over the country, some in districts remote
‘rom a radiolegical centre. The mode of selection was dictated by the needs
of the situation. with the obfect of elucidating material points germane to :he
investigation, e g.. the elucidation of complicating affections, in measuring the

WKAa0205
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extent and progress of the lesions and locating the point at which the carliest
radiographic signs appear, and fnally as 2 check upon the human Juctar
prescuted bv the examiner himself.

4+ —RESTLTS oF THE INQUIRY.

To anticipate, examination of the data collected in this investigation leads
ta the conclusion that the inhalation of asbestos dust nver 1 period of vears
results in the development of a serious type of fibrosis of the luigs.

Asbestosis—-the Pulmounry Fibrosts of Asbestos Workers —Iv is helpiul to
visualise fibrosis of the lungs as it occurs in asbestos workers as the siow zrowth
of fibrous tissue (scar tissue) between the air cells of the iung wherever the -
haled dust comes to rest. While new fAbrous tissue is being laid down like 2
spider’s web. that deposited carlier graduallv contracts. This fihrous ussuc
is oot only useless as a substitute for the air cells, but with continued inhalaticn
of the causative dust, by its invasion of new tcrritorv and consolidation of that
a}l]re:;.dy cceupied, it gradually. and litcrally, strangles the essenuial tissues of
the lungs.

In common with other essential organs of the body the lungs have a large
reserve of tissue for use in cmergencics and to permit of a diminution of
functional capacity due to advancing age or disease. For this rcason, and
hecause Qbrosis of the lungs is essentially a local discase, it is only when the
fibrosis progresses to the extent of obliterating this reserve, that undue short-
ness of breath on any cxtra effort draws the worker’s attention to the fact that
his heaith is not what it should be. The other symptoms of the disease such
as cough are equalily unassuming, and are readily ascribed to some common ard
trivial cause.

From this point the progress of the disease s more rapid, siace it is now
encroaching on the remaining sound tissue of the lungs, already only just suffi-
cient to maintain him in his ordinary daily activities. Ultimately, if no acute
respiratory infection has precipitated a fatal termination, a stage is reached
when the lungs can do little more than maintain life, and the shortness of breath
becomes extreme.

Tn its main clinical features, therefore, the diseasc resembles silicosis, us
might be expected. It differs from silicosis, however, in the mode of distri-
bution of the fibrous tissue in the lungs, in its more rapid development, in its
radiological features, and, there is some reason for believing, in a lessencc
susceptibility to the supervention of pulmonary tuberculosis, the liability 0
which disease is so definitely an added hazard in silicosis.

The Asbestos Bodies.—In the lungs of those exposed to asbestos dust
angular 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 Stuart McDonald*. They are yellowish brown in colour.
of elongated. bead-like form, often with bulbous ends. Cooke* and Roodhouse
Gloyne® independently demonstrated a mineral corc in these hodies, evideatly
derived from the asbestos fibre. Stewart and Haddow" have also demon:..ated
their presence in the sputum of asbestos workers. These bodies have not been
found to occur in any other human affection. They have been found in the
sputum within a comparatively short time after cxposure to asbestos dust. and
in the absence of clinical or mdiological evidence of pulmonarv fibrosis, their
presence cannot be taken at present as indicatiog anything more than previous
inhalation of asbeatos dust.

The Incidence of Pulmonary Fibrosis in Asbestos Worksre —The extent 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 diffuse
fibrosis of the lungs attributable to the inhalation of dust. Ten of these, and
one other in which there were earlier signs of the same condition, have heen
excluded from further consideration. inasmuch that it was felt that previous
work in other dusty occupations, such es quarrying, and coal mining, mayv have
been the prime or a contributory factor in the development of the pulmnnare
lesions found. )

[HA Y
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Thus, 95 of 363 workers, or 26.2 per cent. showed a definite fibrosis due to
Lsbestos dust.  An additional 21 were found with precursive signs of this disease,
but these are given no weight in the gencral conclusions, which are derived solely
“rom examination of the 95 cases of definite fibrosis.

Of the 133 radiographed, G2 presented radiographicai signs of a diffuse
fibrosis. and i1n a further 25 there were suggestive radiological changes not
definiteiy diffuse fibrosis. In 10 of the former group and 3 of the latter the
changes were possibly referable to prior work in other dusty occupations or to
cther cause, and they are therefore excluded, leaving 52 cases ot fibrosis and 22
with signs suggestive of carly changes in the lungs due to asbestos,—suflicient
radiological confirmation.

What inferences should be drawn from these figures 2—Certainly not that
26 ¢ per cent. or roughly 1 in 4 of those at present exposed to asbestos dust in thetv
daily work have fibrosis of the lungs. As mentioned previously the sample
examined is loaded with a greater proportion of workers employed 5 years and
over than obtains in these scctions of the industry at the present tune (Tables
1 and 2 above), and as shown in Table 3 below the incidence of librosis 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 a
correction must be applicd on this account. Applying the rates shown in Table
3 to the figures in Table 1, it appears that the general incidence rate of fibrosis
of the lungs amongst those employed in these sectious of the industry is rather

less than 1 in B, or, excluding those empioyed under 5 years, rather less than
1in 3.

Turther corrections would have been necessary if the sample had included
an undue proportion of workers from the more dusty processes, but this was
found not to be the case. Also no correction is required on account of differing
age distribution since, as will be seen later, the incidence of fibrosis is unafected
thercby. Sex has no effect.

These general incidence rates are convenient merely as affording a rough
indicution of the inherent risk associated with cxposure to asbestos dust at the
present time. They have no permanent vaiue either as an index of the general
risk of fibrosis in the industry from year to year, or as a measure of the risk
in any particular factory or group of employees. This must be so since not
only will the distribution of workers in the industry according to process and
lecyth of emtgloxment 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 fibrosis incidence rate in futur:
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 according to age, together with the incidence rates of fibrosis in
each case.

Taste 3.—Ineidence of Fibrosis relative to Length of Employment.

| Cases of Fibrosin Average uge in yesrs,

Years Numbaer ]
Employed. Exsmined. ! | Group Of Group less
! Number. | Incidence per camee OF rases of
' | cent, of Fibrosis. Fibroms.
0-4 Lt as [ — 24- —_
59 . 141 38 255 30-3 160
10-14 . 34 7 izl 44 40-4
15=19 .. L 28 [ 534 419 41-3
2¢ and over . 21 17 309 344 327
Totale - 63 95 29 : T

40
[
=

-

>
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Taoue +.—lucwdence «f Fibrasis root e o

C Averagt Leagid of empaey.iins
Cases 2 o ibroms. ”e ° TS

2 reals.
Number -

Age Lray Lxamined. Group Ol Gioup ese Of cases of

. Number, Incidenco per cases .

e Viures.s.

cent. wi & LDIOKIR

Cpto 19 23 0 - 32 -
20-20 .. 130 14 7-2 G2 3
30-38 100 30 300 BN R
40-4% 47 3l 63-2 Vit d Al
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These tables indicate the outstaunding importance of length ol cinpioymezt
(and hence length of exposure to dust), aud the negligible cilects of age, on toe
production of Bbrosis.

Thus age groups 30/30 and 50/5%¢ (Table 4) bave incideuce rates ot 30 per
cent. and 37.9 per cent. respectively, not a wide diffcrence, since lie groups
include workers in various processes exposed to diflerent conceutrations ot dust.
Moreover, the average length of employment in these two groups, excluding the
cases of fbrosis, is almost identical, but considerably less than the averay:
length for all the cases of fibrosis (13.5 ycars).

It appears also from the same Table that no special susceptibility to tae
development of fibrosis is shown by young persons, usless it is considered it
the figure of 8.7 years, the average length of employmeot of the cases of fibrosis
in age group 20/29, has been shortened by increased susceptibilicy of ages under
20. As, however, the average age of this group at cases ot fibrosis 1s 26.7 years,
and also because the cstablishment of fibrosis does not necessitate immediate
retirement from work, this is largely discounted.

Column 4 of Table 4 also shows a gencral irregularity which, in iself,
points strongly to the negligible effects of age in the production of fibrosis

Turning to the eflects of leugth of employment a very different picture i3
seen. Table 3 shows that after 5 years’ cxposure, the incidence rate mournts
rapidly, and after 10 years increases almost in geometrical progression.

Effect of Work tn different Praccsscs.—%hcre are insuperable difficuities
in ascertainiug trustworthy figures of the precise incidence of fbrosis amengse
workers in particular asbestos processes.  This is the result of the common
practices in the industry of housing many processes in one room, and of worlers
transferring from one process to another. These two factors, the influence of
dust from neighbouring processes, and prior work in other asbestos processes.
operate to obscure the effects due to work in any one process.

By distributing the workers, however, according to the process in which cach
has been longest employed and grouping similar processes together, it is possible
to draw certain broad conclusions as to the relative effect of work in different
processes. In this way groups were obtained as follows: —

(1) Crushing, opening, disintegrating and mixing.

{2) Carding.

{3) Spinning, twisting, doubling, plaiting, ctc.

{4) Insulating mattress making.

(5) Weaving and associated processes.

(6) Miscellaneous processes aud remaining unclassified workers.

. The outstanding point brought out in this way is the relatively very low
incidence rate of fibrosis in group 3 (termed *‘ spinners " for convenience) as
compared with each of the other groups. There is some indication also that
amongst '* spinners "' the disease takes longer to develop. Studv of the radio-
grams, also, reveals further indications confirmatory of this. Morcover, 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 1n g
3 is also relatively low (Table 5). }
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In fact. the history, and the medical and radiological tfeatures of the cases
5f dbrosms, together with the results of comparison ot the dust counts, all con-
‘ribute in some degree fo the view that with comparatively low concentration of
dust in the neighbourhood of a process, the resuiting cases ot fibrosis amongst
the workers in that process are longer in developing and remain longer in
milder stage. It follows, therefore, that in such cases the rate of accumulation
of dust in the lung has not greatly excceded the rate of elimination, and 2
further point of great practical importance emerges, namely, that in order to
prevent the full development of the disease amongst asbestos workers within the
space of an average working lifetime, it is necessary to reduce the concentra
tion of dust in the air of the workrooms to a figure below that pertainizg to
spinning at the time over which these cases were exposed. ) o
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 one third
Relative Dustiness of Various Asbestos Processes.—While some reference
here to the varying amount of dust evolved by the different processes is necessary,
the causation of these differences and methods of suppression of dust are dis-
cussed in Part II of this Report.
Diflerent asbestos processes do cause the evolution of different amounts of
dust into the air of the workrooms, and, under present conditions, the difference
between the least dusty and the most dusty processes is very pronounced.
In some processes the production of asbestos dust is insignificant; in a second
group dust is continuously evolved but in relatively low coocentration, 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 o fourth group much dust is dissi-
nated in bursts of short duration, as in emptying the fibre from settling chambers
by hand into bags.
Some additional data were obtained by means of a limited number of
determinations 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 cnlculated from some 50 determinations,

i give a rough idea of the general dustiness of the processes concerned, and also
of the effect of localised exhaust ventilation and damping in reducing the
concentration of dust in some of them. The counts in other processes are
expressed proportionately to the spinning, plaiting 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 ventilation), and shovelling
or otherwise handling asbestos fibre, with a comparative ficure of 2.34. The
heaviest counts of all were found in this group, in sack filling by hand in a
settling chamber. The comparative firure herc was 8 84, but the record was

1 dense, with much clumping together of the dust particles, with the result that
the total dust count arrived at was nndoubtedly too low.

Next in order is dry cloth wenving without the application of localised
exhauat ventilation, with o figure of 1.95. This is undoubtedly a dusty process,
and although local exhaust ventilation reduces the count at the breathing level
of the weaver, much dust still escapes into the workroom.  Weaving cloth
wet, not merely damp, reduces the dust count to a remarkable degree. Column

Tasre 5. —Relativg Dustiness of vartous Processes and Effects of Localised
Ezhaust Ventilation and Namp Methods in suppressing Dust.
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7 for bapd (i.e., narrow) weaving, wet, 1s not accurate since the figure has seex
raised by dust from .a neighbouring dry cloth ioom.

Mattress makiog without any precautious, such as exbaust ventilation,
or Jampiog Hoors, tables and cloth, follows pext with a figure of 1.33 3ec
tootnote Table 3). Application of exhaust ventlation, and Jamping reduces
the figure considerably, but 1t may be that the figures in columins Y and 10 are
too low, siuce counts for some subsidiary processes, such as buttoninyg, sewiz;
and cutting out, are oot avatlable.

It will be observed that carding, althougn esscutiaily a very dusty process.
produced a comparative figure of only 1.17° This is duc 1n par: lo pariic
enclosure of the working parts of the carding machine. Lut is mostly the rescit
of the application of local exbaust ventilation.  Moreover. the ngure does zot
take into account the extremely dusty operation of stripping.

Relative to the comparative numbers for the other differcut processes. the

figare of 1 for _spinpin%, plaiting and braiding is probably rather too niga,
owing to contamination by dust from neighbouring and wmore dusty processes.

Samples of asbestos vary much in chemical coustitution and physical pro-
rties, and of tho three main varicties, chrysotile, crocidolite, and amosite, :ze
aller two, in the o&inion of experienced workers, usually give rise to more dus:
than chirysotile in the textile manufacturing processes, No evidence was foucd
to indicate that any one of the three varictles is more, or less, potent thau the
others in producing fibrosis, other factors, such as concentration of dust, being
equal. A peculiarity of the asbestos fibre is that it first fragments loug:-
tudinally, and apparently this process can go on indefinitely, since there is 1o
ultimate fibre comparable to a vegetable fibre such as cotton.

Concentration of Dust and Length of Exposure Necessary to Produte
Fibrosis —From the data so far examibed it seems clear that [(brosis of the
lungs is a defnite occupational risk amongst asbestos workers as a class.
Furtherinore, it appears that the risk falls most heavily on those longest em-
ployed and on those engaged in the more dusty processes.

Sorae further consideration of these two important factors, length of em-
ploylent and concentration of dust, is desirable.  Qbviously, to some exten:.
they are interdependent, since, assuming that a specific quantity of asbestos
dust 1aust be inhaled to produce a generalised fibrosis, the fibrosis will resuit
from exposure for a period of time varying with the concentration of dust 1n the
air brogthed.

Simson' reports the case of an asbestos mill worker in South Africa,
ex for 12 months to a very dusty atmosphere, who died from a rapid
tuberculosis; sections of the lungs showed, apart from the changes due to tuber-
culosis, a moderstely marked fbrosis. Burton Wood and Page'* report the
case of an asbestos spinner, employed 15 months, who died from a generalised
tuberculosis, 8 months after ceasing work. In this case a little fibrous tissue
was generaily to be esen surrounding the asbestos fibres found in the lun
tissue, but thers was no gross fibrosis. It seems probable, therefore, although
further research is very nccessary, that not only is a certain minimal quantity
of the dust required for the production of a generalised fibrosis, but that inhala-
tino of the dust in high conceutration results in the production of a imore marker
degree of fibrosis iu a shorter time, than when the conceutration is low.

Investigation of this important matter—concentration of dust and length
of exposure necessary to producc {ibrosis—Iromn the clinical side is Leset with
difficuitics, one of the most cosfusing being that the cxistence of a clinically
recognisable diffuse fibrosis is quite compatible with continued work in the
industry, and, therefore, the cases of (ibrosis discovered in such an investigation
as this are in various stages of the disease, with the result that the point at
which they first became recognisable clinically cannot be ascertained.

Despite this, some confirmation of the hyEoLh_csm that the length of o
posure to asbestos dust nccessary to produce fibrosis varies inverselv with ihe
cancentration of the dust in the air, within certain low and lngh Dimits, may
be obtained.

[3(1] A\t
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Table 6 shows the average age and length of employment of the cases of
Gbrosis in the groups of processes previousty dealt with (p. 11).

TanLe 8.
Coses o Fibross.
Process. : ——
Avaerags Length of

Averags Age. Employment
1. Crushing, opening, disintegrating, mixing . . I 431 1049
2. Carding . o L 39-0 132
3. Spinning, twisting, doubling, piaiting. &c. ... aT1-¢ 18T
« Mattress making ... . 18- 13:0
5 Weaving and associated processes 435 . 12-9
&. Miscellnneous processes and remaining un- 421 13-8

clpasified workars.

Totals .. . .~ e ' 13-%

The much longer avera Eeriod of employment of the cases of fibrosis
in group 3 as compared with the other groups will be poted. There is also
least exposure tw dust in groug 3. It seems, therefore, that in this group a
longzr period clapsed before the fibrosis developed, or that it progressed less
rapidly.

This is the more apparent if the incidence rates of fibrosis amongst workers
employed in the processes in group 3 are compared with the corresponding rates
for workers employed in the more dusty processes comprised in groups 1, 2, ¢, 5,
taken together. These rates are set out in Table 7.

TabLE 7.— Comparison between the Incidence Rates of Filrosis amongst Worlers
employed in Group 3 (less dusty processes) and the [nculence Rates
amenyst Workers employed in Groups 1, 2, 4, 5, taken together {more
dusty processes).

Ysass Exriovsn.

i
! ot 9. 16-14 15-19. 2 and over.
' i| 2 2| §| 3] & | 4] 8! §] 4| 4
! i é AP U IR A I T A IR 1Y
B38| 8% E|5s) 8T | A|sH| §%| w5 8% §|335] 2%
e&shé 5‘55"‘7‘» d&;h! R
2918 |3 208 & (28 | X [2w18 & 2¥ls (2
! I
. Dut Per l Per Per [ Per
) cent. cent. | cunt. cont. i cont
Group 3 ... . } 30| 0y —!40f 2150 ;3¢ 2|67 11 4j26-a!) 6! 4] 687
| i
Groupe 1, 2, 4, % 1 A7) O = | 9% ) 31 133:7 | 4% | 2% 489 ) 314} B 57T-1 ] 13] 111 84-@
{taken together). ! ! ] i } : ;
i ! ! ! ' | ' .

Group 3 == Spinning, twisting, doubling, plaiting, etc.
Groups 1,2, 4, 3 = Cousliiag, vic, Carding, mettrums maXing and weaving and associstod processes

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 onwards in the more dusty processes, it is
not usntil about the 15th year of employment is renched in the less dusty processes
that the rate for the latter becomes high, nnd approximates to that renched after
about 5 years' employment in the more dusty processes.

Exposure to different concentrations of dust, together with the effect of
the recognition of the cases of fibrosis in different stages of the diseass, also
afford an explanation of the widely diflering lengths of employment of in-
dividual cases of fibrosis, which ranged from 5 years to over 30. While no
definite case of libresis clearly due to asbestos duse was found amongst workers
with iess than 5 venrs exposure, the possibility of such cases occurring with
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exposure to high conceatrations of dust cannot e ruled out. Three cases were
found with 3, 34 and 44 years work 10 asbestos, respeciively, vul tu caci i
was previous exposure to sther dusts (see p. 10).

Support for this view 1u provided by (1) P’rofessor Beatiic's vxpertments
previously mentioned, which demonstraied that the iungs of guinea-pigs ex-
posed for 43 and G7 hours to asbestos dust showed " 'Jeuiite ceillar o--
liferation, though not very extensive, and this 1s certaioly a preiimigary stege
in the production of fbrosis ''; {2) Simson's case mentiodcd above, aud o.s
report in the same paper on the lungs of a guinea-pig exposed vy Mavreygordats
to usbestos dust for 100 hours during a period of 96 days. Un the ceuth o1
the animal (from causes other than asbestosis) some 32 moaths later, sccticns
of the lungs showed a slight generalised fibrosis. In commenting on the amous:
of Abrosis found, he states that ** a comparison between the human cases azd 1.
experimental animal showed that the fibrosis was more rapid aud extensive 1a the
human cases than in the experimental animal,” and agamn - the amount s:
fibrosis in two of the human cases was quite rapid, aud tf due to the presczce
of asbestos dust, the initial rate of production was rapid wheu compared with
present day non-iufective silicosis on the Rand ''; (8) duta (rom this iavest-
gation, in which 21 of the 363 workers showed sigus suggestive of commencinz
tibrosis (p. 10). Of these 12 had been employed for less than 7 years, and 4,
for between 4 and 5 years.

To sum up, therefore, it appears probable that concentration of dust and
length of exposure as factors in the production of fibrosis are interdependent
wiz%in certain limits. While it seems necessary for the production of generalised
fibrosis of the lungs that a definite minimal quautity of dust must be iahaied
the lower the concentration of dust in the air breathed, the longer the iapse
of time before the fibrosis is fully developed, and within a certain Limit, the
higher the coucentration of dust, the sooner the fibrosis becomes fully developed
and the more intense the invoivement of the lung tissue.

If this hypothesis is correct, and the cvidence points to it, the pracuical
inferences are of very great importance, since it foilows that the application
of measures resulting in the reduction of the concentration of dust s the air
in the nei hbourhoog of dusty asbestos processes will cause, firstly a great in-
crease in the length of time befors workers develop a disabling fibrosis, and
secondly, the almost total diu.tppearance of the disease, as the mecasurcs for
the suppression of dust are perfected.

Disablement produced by the Asbestos Fibrosis.—Regarding the amount
of disablement produced by the development of pulmonary f[brosis in asbestos
workers,—for a number of years this 1s surprisingﬁy slight, even more so than
is geperally tho case in silicosis. This is partly due to the character of the
discase, and partly to the nature of the work, which in the majority of these
proczsses does not involve much physical exertion. The affected person may,
and often does, contitue at work with occasional intermissions, latterly, due to
exacerbations of bronchitis, until the condition is advanced, although he suffers
increasing inconveniences from shortness of breath, on exertion. Some-
times a terminal broncho-pncumonia, or other acute infection, commences while
still at work, and there is no long period of invalidism.

Thera is no doubt but that fibrosis of the type produced by asbestos can of
itself lead to complete disablement and to a fatal ternunation, and this 1a the
abaence 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 mortem
examination and in the 10th, repeated clinical, radiolegical and sputum ex-
arninations confirmed the diagnosis. In an 11th case, post mortem exam:ination
showed that a lobar pneumonia had supervened upon lungs aiready the sea:
of a moderate degres of the asbestos fibrosis. With one exception, all these
deaths occurred in the years 1927.20.

The length of exposure to asbestos dust in thesc cases varied between 9 and
24 years.

(31} ')
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It 13 not suggested that these few fatalities, in which the cause of death
iias been verified by strict enquiry, are any criterion of the true eflect of the
JQ:zease on the mortality rates of asbestos workers. Others are known to have
sceurred in which the existence of the asbestos tibrosis has been determined 1n
.:re, but bo post mortem cxaminition has been possible.

Progress and Duration of the Disease.— The rate of progress und duration
of the discase varies within wide finuts. With continued exposure to high
concentrations of dust, the fibrosis may be fully developed in from 7 to 9 vears,
and may cause death after about 13 years cxposure, exceptionally in a shorter
period.  On the other hand, with exposure ta less conceutrations of dust, the
veriod of maturation of the fibrosis may be extended to 13, 20 or 25 yeurs.
There are definite indications, derived tfrom the industrial histories and ex-
amination of workers, that a diminution in the concentration of dust in the
air breathed, either by change of employment from a highly dusty process to
at:e less dusty, or the effect of methods taken for the suppression ol dust, results
:n a prolongation of this period of maturation of the fibrosis, except in the
late stages of the disease. While this is 3o, the existence of a clinically re-
cognisable degree of the asbestos fibrosis in any individual is an additional
advarse factor in the prospects of recovery from any acute infection of the
lungs, such as pneumonia or broncho-pneumonia.

Association of the Asbestos Fibrosis with Pulmonary Uuberculosis.—As
previously mentioned (p. 6}, silicosis, the fibrosis of the lungs due to the
inhalation of free silica dust, has an unbappy association with pulmonary
tuberculosis, in that there is a much increased liability to the supervention of
the latter disease amongst silicotics. It is of importance, therefore, both from
the goint. of view of the individual worker, and in its bearing upon the scope
of the preventive measure required, to enquire whether there 1s a similar
! liability attached to the asbestos fibrosis.

It will be remembered that in this investigation the examination of workers
was restricted to those at work at the time of the examination, and, therefore,
a number of advanced cases of fibrosis, and a number of cases of pulmonary
tuberculosis—with or without an asbestoa fibrosis in addition—who haed
either given up work or who were off work temporarily, will have been
missed. Moreover, the supervention of o tuberculous 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 employment, migrates from the in.
dustry, and may or may not accept sanatorium treatment.

Thus ther~ tends to be a drift of such cases from the fibrosis producing
undustry.  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 incidence of pulmonary tuberculosis amongst
asbestos workers cannot be obtained therefore, in the absence of pertodical
medical examinations in the industry, without prolonged enquiry involving the
search of the records of local sanatoria, tracing workers kuown to have ceased
work in asbestos, and examination of death certificates, and of the sickness
records of firms, where these are kept.

Nevertheless, with these reservatious, the data obtained iu this investigation
did not disclose any outstanding susceptibility to pulmonary tuberculosis, either
amongsat asbestos workers as a class, or amongst the cases of nibrosis.

Summary —The outcome of this investigation i3 to establish the existence
of a definite occupational risk in the asbestos industry. ‘L'his takes the form ot
u distinet type of fibrosis of the lungs, resembling silicosis in its main clinical
aspects, but differing from that disease in the mode of distribution of the
nbrous tissue in the lungs, in its radiological features, in the enhanced rate of
development under average conditions in this country, and as far a3 the evidence
goes, 10 a lower susceptibility to the supervention of pulmonary tuberculosis *

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

* Toe medicul und radiological data obuained in this investigation will be publiciiad sisewhare,
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of exposure to it. Thus the incidence rate :s highest 1a the most dusly .-
cesses and amongst those longest employed. Age and sex bave [0 apfdanilt
1ofluence oo the production of the disease.

5. —FacTORS DETERMINING THE PRESENT RECOGCNITION OF THE A3SBZ>TOs
Fisrosis.

It is of interest to consider why it 1s that this disease bas omiy recezicy

attracted ootice and become a problem in the industry, although asbestes wuas
known to, and worked by the ancieats.

Many factors contribute to this position, some depepdent on the nature o
the disease, sorme on the phenvmenal expansion of the industry, others 5o :ine
advance of medical science.

While asbestos has been known and spasmodically worleed for hund:ex: ::
years, it is only in the past 40 years or so that it has been commercially expioited
to any extent. Not only that, but it is less than 30 years since the great expan-
sion of the industry commenced. Even after a number of years of steady expan-
sion, the industry is still comparatively small, and the worlers empioved 1o the
essentially dusty processes relatively few.

The insidious onset and unobtrusive signs and symptoms of the discase 1
its earlier course, its covert advance by imperceptible stages, 1ts poinis oo
resemblance latterly to fibroid tuberculosis, with which infection i 1s sometrme:
associated, and the migration of those affected from the industry, have all com-
bined to delay its recognition as an entity, and to obscure the causal agent.

Knowledge of the eflects of specific dusts upon the lungs has been greatly
extended in the past 20 years, but research has been mainly concerned with tre
more important and widespread risk associated with the dusts containing Ir:
silica. and enquiry into the effecta of other dusta had tc wait upon those investi.
gationa.

8.—PREVENTIVE MIASURES.

The necessary preventive measures inciude, first, those directed specifically
towards the suppression and control of the dust evolved ip manufacturing pro-
cesses, which are examined in Part II of this Report, and secondly, measeics
directed towards those employed in the industry.

These latter include the control of the disease by periodical medical examiza-
tion of the workers, by which those unfitted by health reasons are prevented ‘rom
entering the industry, and cases of fibrosis and pulmonary tubercuiosis are
detected at the eariiest possible moment. The ultimate and only reiiable :2st

-of the eflectiveneas 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 alsc include the education of the individual, as in other dangerous
trades, to 3 sane appreciation of the risk, and to his personal responsibility 1n the
prevention and suppression of dust.

The protection afforded by respirators is only partial, and there is a real

r that the use of them may give a sense of false security. Asbestos dus:
ﬂoum%.i_n the air contains a majority of particles of the order 2., and under,
many being only 0.5« (sslns 1och) in size. In practice, the discomfort
of constant wear, and difficulty in speech, etc., render workers very
unwilling to use this form of protection for any length of time. Since,
however, a high class rcspirator will trap a proportion of the large zar-
ticles which can enter ths lung, they cannot be said to be valueless, but can
only be recommended as a second line of defence, and not in substitution :iut
other preventive measures specifically dirscted to the control of dust as cear as
gguible to its point of origin. Under very exceptional circumstances there mav

scope for the use of the efficient type of breathing apparatus, comprising a
mask or helmet with a long tube, enabling the wearer to breathe pure air from
a distance.

7.—~Tae OurLooK.

From consideration of the nature of the processes in the asbestos indusiiv
and other relevant matters, it is felt that the outlook for preventive measures :s
good. That is to say that in the space of a decade, or thercabouts, the efect -

L1 |
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energetic application of preventive measures should be apparent in a great reduc-
tion in the incidence of fibrosis. o _

Ap immediate temporary rise in the incidence rate is probable, due to the
accumulated damage, partly a legacy of the war years, but with the passiog of
the peak, a steady fall should ensue. _

Much generous assistance has been received from many sources during the
course of this investigation; these are gratefully ackmowledged elsewhere.
Special thanks are due, however, to Dr. E. W. Twining of Manchester and Dr
N Tattersall of Leeds for their indispensable expert assistance in the elucidation
of the radiological features, to Dr. W. E. Cooke, Professor M. J. Stewart, and
Dr. Roodhouse Gloyne, whose researches in the same field are well known, and
to Dr. I. M. D. Grieve for information from an unpublished study of a group
of asbestos workers.
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PART II.

Proczsses Grvin- Rise mo Dust anD MaTEODS roR s SUurPRESSION.

1.—INTRODUCTION.

The asbestos industry has developed greatly in recent years and continues
to expand rapidly, mainly because of the demands of the motor, electrical,
engineering and building industries, and of the increasing attention now paid
to the insulation of steam plant to promote fuel economy.

Asbestos products may, for conveniencs, be divided into seven main
groups :—

Textiles.

(a) Yarn and cloth.
Non-Textiles.

() Millboard, paper, asbestos-cement sheets, tiles, and other build-
ing materials, sheet material of rubber or bituminous mixtures contain-
ing asbestos.

(¢) Insulation materials and articles.

{(d) Brake and clutch linings.

{¢) Packing and jointings.

{fy Asbestos-covered electric conductors—electrodes, cables aad
wiring, coils for electric machinery.

{g) Miscellaneous, including moulded electrical and other goods. etc

Some factories make both textile and non-textile goods. So-called
** fiberized '' asbestos, i.e., opeped or broken.up material in a fine fAock-i:ke
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condition, 1s manipulated, unmixed with other materials, in large quantities o
the factories included 1o groups {(a), (b), and (¢), and to a much smaller ex:es:
in some of the other factories and workshops.

{3) Asbestos yara 1s woven into cloth for iosulation mattress coverings, 1o-
sulatiog wrappings, filtering material, fire curtains, fire-smothering biankets
and fre-resisting clothing. Narrower woven material is produced ror beinizg
lor coaveyors, brake linings and insulating tape. Some asbestos ciota .o
rubber-proofed for use in the manufacture of steam packings and jointings

Besides its main use for weaviag, asbestus yarn is braided aud piuited :or
use as packing, and also for insulating material. Spools of varn are suppited
to factories 1t which electric cable or electrodes arec made, and polished threac
for the completion of incandescent mantles.

{6) Asbestos millboard and paper are manuiactured frum pulp contui...g
short fibre asbestos, by a wet method, like ordinary millboard and puaper
Asbestos-cement sheets, tiles, gutlers, pipes, etc., for building and simiar pur-
poses are made from wet mixtures of Portland cement and short fbre asbestes
A synthetic compasition sheet is made from a rubber mixing, for use as jointing
Bituminous mixings containing asbestos are made for switchboard panpellin;.
and other mixings for Hcorings.

(¢) Insulation materials include fiberized asbestos; '' magnesia,’’ so-caiica
containing about 15 per cent. of fiberized asbestos and 85 per cent. of magnesia.
and other finely divided mixtures composed partly of fiberized asbestos, used as
insulating cements or plasters; fiberized asbestos stiffened into thick sheets, .ile
mats, for lining bulkheads of ships; shaped sections and slabs, moulded irom
fiberized asbestos or mixtures containing it, or built up of corrugated asbestes
paper so a3 to enclose air cells; mattresses, made of asbestos cloth and filled v-.w
fiberized asbestos, magnesia, or other filling.

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

(¢) Plaited and braided asbestos yarn, proofed asbestos cioth and com-
" position sheet are used in making iockings and jointings.

{f) Electrodes for welding work are plaited with asbestos yarn or coverea
with a paste containing asbestos. Some electric cable and wiring required t
withstand heat are plaited with asbestos yarn; field coils for electric machigery
may be wrapped with asbestos tape. .

{g) Miscellaneous manufactured articles or products, composed wholly or
partially of asbestos, include, in addition to moulded electrical and other goods.
a.sgest.oc putty and powder, rubber hoee plaited with asbestos yarn, and marny
others.

Apart from manufacture, certain work is carried on iu premises subject
to the Factory and Workshops Acts, as well as in other premises, which invelves
use or manipulation of asbestos or products containing it. The insulating of
boilers, pipes, engines, and parts of ships is the most important. Much of this
work is done on board ship by contractors whe employ a considerable outdour
stafl.

2. —PrEMIsZS.

The factories and workshops included in (3) to (¢) number at least 160,
of which 18 are textile factories. Thia total is based on lists supplied by the
District [nspoctors. It does not include the large number of worlks where therc
is incidental use of asbestos packing and jointing. asbestns-covered electric cable
or other finished goods, required for completing other manufactures.

There is only one works in which the employees concerned with asbestos
exceed 500. There are many small premises in which but a few employecs. in
some cases only one or two, are employed. A small ‘‘ asbestos ' department
is found in a number of important facteries.

Textile departments are usually well housed in modern buildings. A few
of the older textile factories have been improved recently by the addition of
modern buildings. In one cass a badly housed small concorn 1s in process ui
removal to newly constructed premises.

The asbestos-cement sheet factories are modern premises of large floor area,
Infty and spacious, in the main, single storey buildings. The cable and electrode
factories arc also modern and generally suitable.
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Somu small works, more particularly those engaged in making boiler com-
Positions, are unsatisiactory. A rew are mere open-sided sheds. >uch premises
are ditlicu’: to keep clean.

Sotne works are congusted with plant and stocks of materwi  This may
:usult Irom inadequate accommodation ot a temporary falling-oif 1 the demand,
vut the effect ou cvieanliness is bud. The dust evoived 1 manutacturing pro-
-.sse3 1s more difficult to control 1f the premises are unsuitable, particularly il
crowded with plant or material. Cleaning is ot easily accompiisiied and the
dust 15 more concentrated.

Ventilation.—The arrangements provided for ventilating asbestos waorls
vary as in other industries. Dust removal systems, where used, eflect a measure
of yeneral ventilation. A number of workrooms in textile lactories are
ventilated by plenum systems, the air supply being warmed in winter. Over-
head extracting propeller fans are but little used now and would be unsuitable
In one mattress making room extraction fans connected to large overliead lioods
are used.  Extraction by dewnward displacement, the air betng deawn through
openings in the floor, or near floor level, has not becn met with, but has been
considercd for some weaving rooms. This systemn, if designed of a capacity
anfficient to eflect a high standard of general ventilation, would tend to reduce
the dust in the zeneral atmosphere at breathing level, and. with other safegnards,
be a possible alternative to localised exhaust ventilation. It could not be success-
tul without cfficient heating, owing to the rapid change of air entailed.

Separation of Processes.—TIn many works several processes ave carried on in
the same room. In the abscnce of effective means of preventing escape of dust
into the air, many worlkers are subjected to & risk from which they would other-
wise be imwune, or to a greater risk than that arising from their own work.
In a faw textile {actories crushing and opening plants ure placed close to spinning
and carding machines.  Spinning frames are installed close to looms and wet
and dry weaving are carried on close together. In non-textile premises there 1z
more effective separation of dusty work and processes from non-dusty.

3.—DzscriPTION OF PRroOCESSES AND PrevEnTIVE MEASURES.

A complete account of manufacturing methods is not attempted. Attentiou
is mainly directed to the dust-producing processes, a description of which, in
broad outline, has been deemed necessary to make clear the circumstances under
which exposurs to dust arises, and the character and object of the remedial
measures already in use or here recommended.

Somewhat important changes are on foot which, it is confidently hoped,
will greatly reduce cxposurc to dust in certain hitherto dusty processes. On
the other hiand, certain developments, e.g., speedin: up of textile machinery,
and the increased use of asbestos in various industries, may intensify the dust
problem, if adequate measures to desl with the dust are not taken.

TexTiLEs.
(a) Yarn and Cloth.

The manufacture of asbestos yarn aud cioth proceeds un the whole like that
of other textiles, but there are some important diferences. Fiberized and other
asbestos material is freely handled in various operations, in gathering
‘* waste," and in cleaning. Exposure, in some degree, to asbestos dust, 13
common throughout all the factories, but steps have been taken, extending over
many years, to deal with dust produced at various points, though the necessary
degree of efficiency has, generally speaking, oot been recached. Lxhaust ventila-
tion plants used in the best-equipped nsbestos factories for removing dust appear
to be as efficient as those used in other textile industries, and to have been applied
over a wider fielil. As regnrds other safeguards against dust, e.g., substicution
of mechanical methods for handwork tor feeding the machines in preliminary
operations, cfficient enclosure of machines, and vacuum methods of cleaning, little
development has been made.

Opening.— Asbestos. suitable for yarn, has usually to be crushed, and in all
cases ‘' opened '* ('' fiberized ") before it is ready for carding. These prepura-
tary processes are effected by machinery, but entail much handwerk.  Senarat.
ing (to remove iron) and grading or sieving follow crushing, but precede opening

+u
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Material for yarn is not usually treated in disintegraters, but in muost facion..s
these machinea arc used for hberizing waste asbestos varn, cte.  Crus:
flattens out acd breaks up the mineral without damaging the tivres. [t is v
plished either 1n a large vdge runner. or 1n a sinail pau mill af the mortar i,
tvpe. The materiai :s emptied upon the floor ciose to the machine. the seaiesis
ot several sucks sometimes ceing spread on the floor to ottain a rough ** mixiag

The crushed material is either taken from the maciune by hand. or discharged
through 4 bottom delivery siide. usually iilled 1uto sacks ur skaps and, 11 uecessary,
weighed ou a portable weighing machine. A few cdge runners discharge up-n
short inclined lattices and the material falls automatically into the sack or siip

Edge runners give rise to dust of considerable amount where short nore
is crushed; some are enclosed and Lave exhaust applied. This is alwavs ceces.
sary. PPan mills are not enclosed and also give rise to dust, though less 1n
amount.

Handwork, e.g., sack emptying and filling, mixing, shovelling and Ieecing
machine pans or ?at.tice feeds, gives rise to dust, sometimes 07 consiGerau.e
amount, and is done without exhaust. Application of exhaust draught w:ull
be facilitated if feeding were done from a iigher level so that sacks might te
emptied under enclosed conditions, i.e. ina sack'emptying apparatus.  Automatic
delivery and reversible bagging lattices eliminate dust produced in hand illing
of sacks, but require to bege%ﬁcnem.ly enclosed with exhaust draught applied.

An open travelling band passing round an electro-magnet is used Ior
separating loose iron, the asbestos being delivered to an elevator. Eacicsed
apparatus should be adopted.

Enclosed rotary sieves (rotaries) or long oscillating frame sieves are used for
roughly grading crushed material. Rotaries should be mechanically fed and the
asbestos collected under enclosed conditions (not always doce) and ex{must. appiica
to the machine enclosures, otberwise unnecessary dust is created. Some oscillat-
ing sieves are very open, the material being allowed to fall on the floor, and being
filled into sacks by band. Very dusty conditions are then inevitable. Eficicut
enclosure with exhaust draught applied and, to avoid hand filing, automatic
delivery and bagging lattices, also enclosed and exhausted, as used in some cases,
are generally practicable.

Crighton openers, enclosed centrifugal machines, are used for opening
[ crushed asbestos, preparatory to carding. Careful mixing or blending of crushed
material 1s cffected by spreadiug it eveuly in layers ou the lloor over a considerable
area—cotton may be added at this stage if required——and when fecding, taking a
vertical cut through the mass. Admixture with a small proportion of cottan may
also be achieved f.blowing it into the feed opening. The opened material 1s
delivered upon a Iaitice and collected either in a lurge coutainer or 1n sacis,
automatic btgging lattices being used in some cases. Mcchanical fceding under
enclosed condiiions, with exhaust draught applicd to feeding lattices or other:
conveiora. should be adopted. Hand feeding gives rise to dust, from sack empiy-
10g, shovelling and particularly mizing on the floor. Mixing is a great hindrance
to elimination of hand work; it is asserted that poor yarn results 1f it is not done
J and that machine mixing has been tried and gave less satisfactory results. If
retained, it should be done at a higher level than the opeser, und¢ a large
’ exhausted canopy and the mixture fed at a sorics of chutes. Delivery lattices
should be well enclosed and exhaust applied, as now done in some cascs; otherwise

- ’ dust is cvoived.

Opencd material not required at once, may be stored in open bins in the
workroom, iuvolving emptying and [lling sacks or skips, which necessarily
cause dust. This storage in bulk should be avoided; alternative arrangements
might be adopted which avoid dust.

Sorne material, e.g., long fibre waste from later processes, 1s cpened at
enclosed lattice-fed teasers or willeys, not infrequently of primitive design, wou..
out, and cmitting much dust, notwithstanding that a fan is an integral part
of the machine. These old machines should not be used for asbestos openiag.
Dust may be emitted at feed points of modern machines, particularly when the
feed is irregular. Exhaust is nccessary at the feed lattice for this rcason and
also because feeding itself causes dust. The material is either discharged upcn
a lattice for immediate collection, or blown into a chamber. The standarcs
suggested for C-ighton machines should be adopted.
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Hopper lattice feeds are largely used with oi)emng machines; the hopper lips
are about 3 feet § inches above toor level.  Much dust 1s produced iu shovel-
‘eeding as 1t is difficult to avoid scattering at the lip. An enclosed lattice, Ted
at or just below floor level, with iocalised exhaust applied to the enclusure 13 more
satisfactory. _ _

Single disintegrators, or two or three machines in series are used lor ‘Lueak-
1ng up textile or other asbestos waste, more rarely for opening crushed nsbestos
Present arrangements for preliminary hand sorting of waste are unsalistactory
it should be accomplished at a covered bench, suitably exhausted. Whereuas in
some cases, the indraught at the disintegrator feed openings caused by the rapid
rotation of the rotor is not sufficient to remove dust, and because. at auny rate.
as soon as it is stopped, escape of dust may result {rom reversed air currents,
rxhaust should be applied here also. 4

Disintegrated material is blown into chambers, a blower fan being tn some
cases connected to the delivery of the machine to create a stronger draught.  Aur
cressure in the chamber is relieved in diflerent ways, the sides mayv be covered
with sacking, allowing much dust to escape, LI relief balloon '° _onnected, or
exhaust applied. Chambers connected with disintegrating and teasing machines
vary in size, some are little more than a large box, others are more roomy. Some,
but not all, are separated from the workroom. They are entered for emptving,
the material being filled into sacks or skips by hand 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. (Ses page 20.)

Carding. —Considerable developments have taken place in recent years.
One or two important new cardrooms have been started. Many new machines,
including some of foreign construction, have been installed.

‘[he machines, of large overall dimensions, are of the roller and clearer
type. Modern cards are of high class construction and fitted with two dofler
cylinders supported on a carriage, which can be racked into or out of position.
For fine yaras, a breaker and a finisher, constituting a set, is used, connected by
lattices, lap sliver from the former being automatically fed to the fimisher card.
In cases where the sliver is collected in caas, 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 skipe or sacks, handfuls being dropped in, and shaken apart as
fed, or the sack emptied into the hopper. The asbestos falls intermittently upon
& creeper feed which conveys it to the ‘‘ licker-in ' feed rollers, between which
point and the doffer the material is under enclosed conditions.

The material is combed from the open doffers of finisher cards, as a web
or ‘' sheet ’’, the sheets from the two doffers usually being combined at a con-
denser, and the resuiting sliver yarn wound into spoals. Occasionally, combed
web is collected without being condensed, tha condenser carriage being with.
drawn. In other carding, the sliver may be cbtained as a lap.

Admixture with cotton is usually accomplished by carding the two materials
together, o 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 u fine dust cloud may be
observed in most cardrooms. Suppression of dust cannot be realised unless
machines are maintained clean and in satisfactcry repair, and there is effective
coclosure of various parts. Above all, locali::l 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 usually provided with well made
wooden covers and the lower parts are enclosed below in metal. The frames
are well enclosed at the sides. A hinged metal cover, fitted in some cases, pre.
vents escape of dust produced by movements of the feed lattice. A curtain of
fabeic is less satisfactory. In older types, particularly, the wooden covers mayv
not fit satisfactorily, the cvlinders may not 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, doffers and condensers and
connecting lattices between breaker and finisher cards are not enclosed Dust
ie evolved at doffer combs and at creeper feeds.
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Localised exhaust veauilation was tirst applied to carding machines macy
years 4go. Methods and apparatus have since beed gradually mproved aza
more powerlul exhaust draughts are now used. One large firm have acdiceveu
inuch success by standardising their practice as regards points of appiicatier
of exbaust draught, dJesign of air guides, size of branch ducts to air guides and
Juct velocity. Exhaust 1s applied at (s} the presser at the creeper feed; /) Iz
roller at licker-1n; (c) top of cylinder; (d) each doffer, air guides or hoods beinz
fitted at these points with connecting branch ducts, Muff couplings, uscd o
uranch pipes, facilitate easy dismantling. Branch pipe sizes and duct veloc:iies
are liberal. The improvement realised by applying powerful exhaust at each
of the paints mentioned, at all of which evolution of dust is important, shows
that this practice should be followed geperally and gives point to the view
cxpressed by some occupiers that carding can be carried on practically dust-iree
Apart from the above case, exhaust is applied in nearly all cases to the cylinders:
. n A moderate proportion to the creeper feed; in a few, to one doffer—the 0
' and in one or two only, to the bottom doffer. But. apart from dust-emitiing
peints not provided for, the resuits may be inadequate. Carding machines are
occasionally installed and put into use without exhaust, this should never be done.

Efficient results are not possible unless the exhaust draught is applied as
rlosely as possible to the dust-producing points. Transverse air guides. with
branch ducts connected at each end, are apparently more cfficient than pyramidai
hoods of the usual type. Ducts of adequate diameter and high duct velocitics
are essential.

The usual air guide for the cylinder, provided to effect removal of dust
hoth during carding, and stripping and grinding (though proved inadequate
tor stripping) is placed a little above an opening in the crown of the cover. Two
hranch ducts. as above, and in addition A larger central branch duct (for use
during stripping) are connected to it. The shallow space below the back of
the air guide is closed up during carding by a wooden hinged piece—thrown
back for stripping—and the dust produced at the cvlinder 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 carrying some of the
stripping dust takes place from below the lifted cvlinder cover; the central
branch duct, kept closed by a blast gate during carding, is then fully opened
tn provide a greater air volume.

In one factory, a circular doffer cleaning brush runs continuouslv
above tha doffer comb. A opvramidal exhaust hond is provided. but
much dust escapes; unless fully efficient exhaust is devised an alternative to this
cleaniog. if really necessary, should be found. The collection of combed web.
previously referred to, is done without exhaust and dust is produced. Collection
‘ might be effected by exhaust draught as applied for removing side waste at
‘- condensers.

! Notwithstanding the use of covers for card lattice feedn dusty conditions are

prodnced and exhaust draught should be anplied at this point also.

; Stripping and Grinding.—Card ' stripning '* or cleaning ix done when the
. machine is opened out for grinding. which follows cleaning and takes place at
‘ each machine about once a week. but shorter and longer intervals also obtain.
In ona important factorv the two Drocesses are combined in one operation. Roller
and clearer crards must be opened out, i.e.. the lattice feed and breast. and con-
denser and doffer carriages are drawn back. the cylinder covers are raised. and
the various amall rnllers, which are cleaned and gronnd at a special machine,
removed. The evlinder is first cleaned. with the daffer earriage drawn back:
the carriage is then renlaced and the doffers. run at a greatlv increased speed.
cleaned in turn. Cleaning takes ahout ten minutes and is usually done in working
i hours. but in one case. at least, after. The men press their ‘‘ strickles * or fa+
| hand brushes about 12 inches long covered with card clothing, against the wire-
| covered surfaces. Much of the debris is heavy and falls to the floor. Dust is
|
|

evolved in a dense cloud, some being removed at the cvlinder exhaust hood. In
one case floor openings, beneath the machine, are connected to the exhaust
i Present exhaust arrangements are altogether inadequate. particularlv so as
3 regards the bottom doffer Much dust is therefore carried into the ceneral
atmosphere of the room. The cleaners wear respirators or '* helmets.”
| Tn & few cases. more effectiva mensures are taken, e.z.. the opened.rn:
machine ic almnst entirelv enclnsed with high ranvas.cavered serrens  Tn the
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works where cleaning taies place after working hours, an uunxiliary exhaust
system, with a hood for the bottom doffer, is brought into use.

Grinding which takes several hours, is an automatic process ellected Ly
abrasive covered rollers driven by the wachine. The small amount of Just
produced is chiefly of a metallic character.

In :he factory where grinding and cleaning are combined, the dotler exhaust
arrangements are first re-connected.  Much less dust is evolved and uppears
to be dealt with more effectively. This firm consider that hand strickling betore
grinding should not be allowed. Their methods may, however, not be generally
applicable. A little strickling may be nccessary atter grinding to remove small
pieces of débris.

The trade recognise that present conditions are not satisfactory and experi-
ments are being made with the object of devel?ing improved appliances. In one
case a revolving brush is being tried, with independent exhaust draught applied
by flexible connections; it is said to give promise of success. The brush 1s
narrower than the hand strickle and less dust is evolved at a particular moment.
In another case, a vacuum fitting 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 woukers,
sther than strippers, should be excluded while it is in progress and for some time
afterwards, and the room weil ventilated.

The machine for 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
Aébris. precautions which are not always taken. The machine is either installed
in the carding room, or in a room adjoining. Independent machines should be
provided to deal with rollers of different lengths, otherwise inconvenient adjust-
inents, liable to be negleeted, 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 sliver yarn,
is removed by suction draught to a *‘ side-end '’ machine, which prepares 1t for
turther use. The material is blown upon perforated cylinders, the air escaping
at the side and the material being discharged on the floor. The process produces
dust, particularly when the feeding is irregular, the air then having a free path
hetween the cylinders. The material shouid be delivered under suction and not
under pressure, a ‘‘ pressure '’ machine being unsuitable.

Spinning and Doubling.—Yarn is spun at flyer or ring frames which nay
carry up to 80 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 othet purposes. Mule spinning is not practised in
this country. A large amount of doubling is carried on.

Spinning, more particululy ring spinning, gives rise to dust, continuously
produced by the ‘* ballooning "’ out of the fibre owing to the rapid rotation of
the spindles, which may run at speeds of 1,700 revolutions per mioute, and
intermittently, when the yarn breaks. Doubling is lesa dusty than spinming.
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 some dust.
more in some factories than in others, doubtless dus to differences in working
methede or mnterials. Exbaust draught for its removal has not been applied
hitherto, but experiments in one factory have been so far successiu! that the firm
are prepared to equip all spinning aad doubling frames with exhaust ventilation
piant, embodying (i) exhaust ducts parailel with the frames, above the tin rollers.
with shaped hoods at intervals, cach to deal with a small group of spindles, and
(ii) for moare eflective concentration of the draught, paneiling for the ends and
lower parts of the frames beneath the spindles, capable of being casily removed
when necessary. Such safeguards may require somewhat wide application
unless special general ventilation is provided.

Warping. —Warp beams are prepared in the usual wav from creeling frames,
2 small evolution of dust occurring at the frames and beaming machines
localised exhaust ventilation conld hardly be applied effectivelv. A partitioned-
of space, mechanicilly ventilated cresswise. with extracuon at low level would
affect improvement
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Winding. —Maoy winding machines are used, varying from makeshift types
of primitive construction, at wihich the practice may obtaii of holding the rarz
in the hand, to modern universal winders for winding ' cheeses.””  Dust may
be evolved to some cxtent, particularly 1 connection with the above practice,
which cculd be eliminated.  Appiication of exhaust draught will then preiacls
oot be necessary, except ia particular cases.

Plaieing and Dratding —Plaiting and braiding. also carried oo 10 cogioe
packing and electric cable factories, and done at machines of normal design,
cause some evolution of dust, except where the varn is impregnated with
“ grease.” While the amount of dust is sometimes less than 1o spinuing. he
difference is not material. But there is perhaps less cxposure of the operaziv:
under ordinary working conditiong and precautionary measures other than
localised exhaust ventilation may suflice.

Weaving.—Looms vary greatly in size and gencral arrangement. As many
as 140 looms may be found in a single room, but this is exceptional. The clear
space between machines may not exceed 18 inches. Some looms are independentiv
driven Ly clectric motors. Cotton warp or weft is sometimes used. Thin cicth.
fur mattress covers, filters. clothing, ctc., is woven from a single warp Geam
at a simple type of lcom. Belting looms, for thick belting and brake lining
material are complicated, several warp beams, arranged in tandem under the
loom, or in some other conveuient way, being required. These looms are narrow,
but ofteu very long. Tape looms are also narrow, ualess several tapes are woven
together when several shuttles, in line, working in unison, are used. Cloth i3
beamed at the front in the usual way, but belting may be led under the l»-m
and coiled high above’it, at the bacik

Most weaving is “‘ dry,”’ but some weaving is done wet, either warp or
1

weft, and occasicnally both being wetted. Wet weaving is accomplished more-

casily and a closer weave obtained, but rusting of heald fittings. and the subse-
quent drying cntailed and the less satisfactory appearance of the material are
disadvantages. Thoroughly dry fabric is required for brake iinings and rubber-
proofed material, and wet woven cloth may be strongly objected to oo this
account.

Considerable evolution of fine dust occurs in dry weaving as a result of
{u) the forward movement of the slay in ** beating up,’’ this source being close
to the operative, (b) the rcpeated 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 ** fluff "’ on machine parts, especiall
those in motion. A fine dust cloud may be observed behind the healds above the
warp threads. Much less dust is produced in wet weaving.

Some ‘' dry '’ looms are now fitted with localised exhaust usually appiied
to deal with dust evolved by both (a) and (b), in some cases (u) only. (a) A flat
korizontal " hood ' is fitted in front of the operative. just above the cloth. the
apening facing towards the healds; () either an upright pyramidal hood. placed
transversely, or horizontal flat hoods, one on each side facing each other, are
fitted close behind the healds. The second arrangement is the more cffective
for narrow looms, as the “ scissors-like ' action of the warp threads appears
to displace most of the dust to the sides. The cxhaust draught has effected
some impeovement, but all the dust is not removed, especially that produced by
(. Tt may be impracticable to apply the draught to all dust-producing points
behind the healds. particularly at long looms, but greater success would have
been achieved with more powerful draught and larger air displacements, as is
pow boing recognised.

The methods described for dealing with the dust created by (b) must be less
successful at cloth looms of ordinarv width. A few such looms in one factory
have recentlv been equipped with large ‘“ bonnet ” hoods, fitted transversely.
close down aver the machine, covering the slay, reed and healds. The hoods are
of hemispherical section, with extensions over the shuttle boxes. An internal
electric light fitting, and hinged sections, facilitate working. A nowerful
Araught. suitably applied. should prevent escape of dust. generaterl within
Tn another case, cxperiment 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 clfective 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 arrangements to weaving is clearly
diffcuit. The expedient of installing individual machines or small groups of
machines in suitably ventilated small rooms or cubicles, as suggested under

Warping  does not appear to have been tried, but might be considered :f
calised arrangements are not sufficiently eifective. Long narrow sheds, dor
a single lire of looms, ventilated as suggested, might be a possible alternazive

Cloth Picking, Examining, Measuring.—There operations involve runniuy
cut the rolls of cloth and tend to produce a small amount of dust. If caretully
done, so that very little dust is created, other precautions may be unnecessary

NoN-TEXTILES.

Tiberized asbestos is not used in some of the non-textile factaries anl
exposure to asbestos dust may be slight or even negligible. Dust 15 evolved
factories or departments where such material is prepared for subsequent use.
or for sale, and also in departments where fiberized material or drv mixtures
coctaining it are manipulated in preiiminary manufacturing processes. Again.
&nishing processes, 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
application of exhaust draught, where suggested in the following descriptinn
of processes, is in most cases a straightforward problem, comparable with many
others met with in non-textile factories, e.g., woodworking and grinding, where
machinery similar to that described is used.

Fiberizing or Opening.—Fiberizing is almost exclusively confined to works
in groups (b) and (¢). Much of the work is done under less supervision than
in textile factories and unsatisfactory machinery is more common. Primitive
teasers (** devils ') are used in several mnttress-mnking works, and chamber
work is also an unaatisfactory feature (see p. 22).

In some asbestos-cement sheet factories, crushed material, from edge runners,
‘alls into worm conveyors below, which transier it automatically to disintegrators.
In one large works, the process is being entirely enclosed; the material trom
the edge runners, which are lattice-fed, will be discharged upon 2 conveyer and
raised by an elevator to large overhead storage hoppers, fitted with autematic
angmg lattices. Localised exhaust draught will be applied at feeding and
delivery points, where dust might escape.

Chambers have been eliminated in some large works, with beneficial results.
The material, after being disintegrated or opened, is fan-handled, and blown
to a hopper fitted with bottom rotary delivery valves, the air being re-circulated.
‘The material is bagged at lattices. Direct supply to 8 manufacturing point iy
another improvement now 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 ﬁlﬁng sacks may also be
rracticable.

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

(b) Millhoard, Paper, Shests and Tiles.

The wet mixtures for millboard, paper, and asbestos-cement products are
prepared in a beater, as used in paper mills. Dry fiberized asbestos is emptied
into the beater trough, the sacks being shaken to some extent. Lwvolution 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 arc
required for a charge and the process is repeated a number of times dailv
Precautions are not taken at present but the dust might be avoided v
‘1) mechanical feeding under enclosed conditions, as appears to be done in some
oreign warks, (b) applying exhaust draught, {¢) feeding in small quanote.
and in such a way that the material is wetted at once.

Finishing processes on asbestos-cement sheets include sawing to size. corru-
gauing, pressing aud drilling, carried on in some factories with the marterial
s0 moist as o0 prevent dust, and this practice should be adopted generallv
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Otherwisc wuch dust s produced i sawing, owity to the ripid culling i .
und localised exhiaust 1s necessary though not applied. Sinularly, turnio:
fling apd sinocothing of dry asbestos-cement pipes, at lathes, may require exhaust
te remove the dust produced.

Syutlietic compositios sheeting, sometines made 1 a rubber Jepartment,
is produced from dough consisting of [iberized asbestos and rubber, mixed with
solvent 1o kneading machines. Dust is produced in feeding the uuxer with
asbestos, done in an open manner by hand, from sacks or siips, the sacks be:ng
-haken out, or from an opea lattice feed. Subsequent provesses are uust-irec
Iixhaust should be applied at the feeding point.

(¢) Insulation Materials and Articles.

Compositions. —* Magnesia,” the wost important insulating conipositicn
1s produced on a large scale by the principal manutacturers, by cuclosed methods
with pueumatic conveyance of the mixture to automatic sack fillers. Weighing
and [eeding the fiberized ashestos pives rise to dust for which cxhaust s
tiecessary.

Fiberized asbestos or '‘ mugnesia '’ is a component of many insulating com-
positions which may also contain clay, kieseigubr, fossil meal, flax, hemp or
jute waste and other materials. The proportion of asbestos in the final praduct
varies widely. In many small works the materials are mixed ' dry,"" by hana.
i aR opeu manuer, involving sack emptying and filling, shovelling and weigh-
; ing. Enclosed rotary mixers could apparently be used for such work with
‘ cxhaust applied at feceding points and the material discharged and bagged
under cnclosed conditions. If hand wark ia retained, exhaust should be applicd.

Consolidated Sheets—Large sheets rescmbling thick mats, built up of lavers
of fiberized asbestos, are consolidated with silicate of soda, sprayed on in maiu-
tacture. ‘LThe sheets may be backed on one face with nillboard, or supplied
\-.hit.hout a backing, being faced when fixed with millhoard ar ashestos-cement
sneets.

The shects are produced of the required size and shape at work benches,
or built up ou the table of a machine, capable of slow reciprocating movement.
aid [ed from a hopper above. In the former case, the fiberized material is taicn
in handfuls 'ram skips and spread out i thie Lors, the surplus being scraped
away and falling about at the sides of the work benches, and on the tloors. a
considerable guantity being scattered. Dust, produced in manipulating the drv
fibre, before treutment with the silicate of soda, is largely avoided at the maciune
fificient localised exhaust should be applied to the hand process with improves
! bench arrangcments, to prevent scaticring.

. Band sa.win%‘of piled sheets, causes evolution of much dust, owing to the
1 considerable depth of cut. Localised exhaust alone, not yet applied, may prove
insufficient.

Sections and Slabs.—Moulded insulation 18 made chiefly iu two forms, sec-
tions—scmi-cylindrical and moulded hollow to suit various pipe sizes—and slabs,
which arc rectangular and solid. These products ure usually moulded wet, stther
. by hand or machinery, from a paste or cream, prepared in a mixing machine
or tank.  Teeding of dry material involves cvolution of dust which might be
aveided by onc of the methinds siaggested for feeding beaters in millboard making

Hections ure made at one factory by a dry process, at a machine diflerently
enclosed. Teed hoppers, filled from skips, deliver the asbestos to internal lattices
which in turn supply a travelling band, at which the section is volled by hand
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 Lrushing away superfluous material. Exbaust draught. not hitherto

! spplied, is to be provided at the exposed brush and the machine is to be morc
‘ ¢flectively enclosed. An enclosed ' feed ' is also necessary.

' The scctions and slabs are tritned to size with circular or band saws

! Much dust is produced and cxhaust draught is commonly applied. but is in some
| cases inefficient. Circular saws used in some cases in pairs, for trimming ends
i in one operation, can be fitted with exhaust hoods .ibove and below the benches
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n=. zand saws can be enclosed below the tables and inverted hoods irted, ti
sxhaust draught being applied as for woodworicing machiines.  Fihciwent arrange:
ments sheuld De readily practicable for all sawinyg work here,

Materesses. —Mattresies are manpufactured by practically all iirms wiw
produce insulation requisites, though only occasionally by somme.  Mattresses tor
large contracts are made in the contractors’ premises, their outdoor stafl taging
necessary measurements and preparing rough plans. A mattress has sumetimes
to be made on site.

Mattress making involves, Lroadly speaking, the sequenve of processes
associated with the making of domestic mattresses. The work 1s almost entireiy
hand work. ILengths of ashestos cloth tor covers ure cut out on i wide betcli
and sewn up, by treadle or power driven machines, to an extent depeunding ou
the method of filling. Large mattresses may be sewn along onc side vuly or both
sides may be scamed and filling done from both ends. Berore lilling, covers are
turped inside out. Supplies of filling material, which usually, but roay uot,
contain fiberized asbestos, are brought, 1n sacks or skips, from chambers, ov taken
from open bins, in the roowmn, kept supplied from the chambers, or irom ~auks
of material supplied by cutside firms. Filling is done by hand, scoop or shovel,
and quantities may be weighed. The end filling of long double-scamed mattresses,
referred to above, necessitates the workmen mounting on the bench to vmpty the
material from skips into the openings. After filling, the mattress is levelled or
beaten, to make the filling lie evenFys within, the hand or a flat wooden Leater
being used. Tinishing processes include final sewing, stubbing or buttoning,
fixing on hooks, etc.

Some dust is produced at the cutting out bench, in opening out the roll o1
cloth, and at the sewing machine, but far more in taking material from bins or
sacks, in weighing, fiiling and levelling. DBeating of the cloth produces asbestos
dust, the amount of which is largely increascd 1f 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 have improved conditions considerably by the following pre-
cautions : —

(a) Keeping ficors and benches damp and spraying covers before
filling. Hose connections and spray fittings are provided.

l.L?b) Sub-division of department into several independent waorkroomas.

(¢) Exclusion during flling of all workers not so employed, the
excluded workers proceeding to another section.

d) Mechanical ventiiation of each room by cross ventilation, embody-
ing pleoum supply (warmed when necessary) at one 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 precautions do not include application of localised exhaust ventilation,
without which mattress filling and beating must involve some risk of inhalation
of dust. For small mattresses, o wide double-sided canopied bench with exhaust
draught applied at gratings along the centre line might be used, the filling
material being supplied within the canopy. Such o bench may not perhaps be
practicable for the making of large mattresses but the possibility should be
explored. Otherwise at least the precautions referred toc above should be
adopted.

(d) Brake and Clutch Linings.

Before being impregnated, the dry asbestos cloth, known as *“ grey.”” may
be calendered at squaring rolls and in all cases the coils are cased out to separate
them a little, so ensuring thorough treatment by the liquid. A little dust is
produced in these operations but insufficient to render special precautionary
measures necessary. Other preparatory worlc on ** grey ' arises in the making
of special linings. Lengths of cloth are lightly hammered to ring shape, 12
templates, then cut with chisel or shears and the radial edges sewn together at a
wire-stitching machine, as used in book-binding. Dust occurs in hammering and
stitching. A canopied bench fitted with localised exhaust arrangements mighe be
provided and the machine placed under exhaust draught.
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Dry impregouated material 1s shaped and finished mainly by power-ur.iii
machines. e.g. knives, circular and guillotine, cutting presses, hydraulic squeeziny
presses and band saws.  Cutting aad sawing expose ends of wire and leave rough
edges. truonung and simoothing, done on grinding wheels and linishers. are
necessary to ubtain exact size and fimsh. Al the operations, except squeczing,
produce waste. and dust is created in some. The dust 1s heavy and sticky and
less likely to lly about than dry asbestos dust. The amount is considerazie 1t
sawing and grinding machines and localised exhaust draught, to remove it nas
been applied—in some cases with much success—and is always necessary

Iaverted hoods are fitted at band saws, just below the tables. the dust beiny
drawn through the small openings in the table guides. .\ powerful draught 1s
essential.

Grinding and finishing wheels include, in addition ro ordinary singie-disc
machines, two-disc and vertical spindle segmental grinders, used for flat Lnizgs
The hoeds by which the draught is applied to all these types are simular w0 these
applied to the same machines when used for metal grinding. The position i3
similar as regards linishers, a hood being fitted in line with and at the tack =t
the band. A baffle plate to prevent dust being carried past the hood by the uigh
linear speed of the band is a necessary addition.

Special linings and anti-friction bushes are moulded from disintegrated
impregnated waste. Some dust is created in_the filling of moulds and efficient
localised exhaust draught may be necessary. The articles are shaped and finished
as just described. Dushes are turned and bored in lathes, with production of
waste and dust, but exhaust draught is not at present applied though possibly
necessary.

(¢) Packing and Jointings.

Engine packing 1s cither (a) ** ¢loth ** packing built up fromn cloth, usually
rubber proofed on both sides, bandling of which does not cause dust, and
.(b) ** rope '’ packing made from yarn, at braiding and plaiting machinerv, as
used in textile factories. (a) Negligible amounts of dust may arise at the
spreading machine, from the unproofeﬁ cloth, and, in building up, from material
proofed on onc side only. (b) " Cheeses '’ of yarn arc first rewound on Hoth:
for the braidiug and plait.ing machines. Simple winding mechanisms are used
Some little dust is produced; special preventive measures will usually not be

necessaty.

Flat packing, known as * Emmmct," is made, on a small scale, from asbestos
yarn, threaded oo a needle and wound in and out by hand, as balls of wool are
wound. This apparently insignificant process causes sufficient dust to cover in a
short time the hair and c{othing of the workers and should be done it a canopied
bench provided with localised exhaust arrangements.

nE

(D) Asbestos-coversd Electric Conductors.

Electrodes. —Electrodes are either wrapped with yarn, the usual method.
or passed through .aste containing asbestos fibre, yarn being wrapped upon this
coating. The former method is usually achieved by a small high speed stranding
machino fitted with a flier carrying the spools or bobbins of yarn, the wire
travelling axially through the flier. Treatment with consolidating liquid,
straightening and cutting to leagth follow, all done at the stranding machine.
Alterpatively, single clectrodes may be wrapped by a simple winding mechanism.
hand-operated or power-deiven. DPaste-covered clectrodes wre aiso made singiy
at small extruding machines, a flier for feeding the yarn being fitted behind he
extruder.

After drying, a short length of the covering at one end is ground away,
leaving the bare metal necessary for making electrical contact in the holder,
when 1o use. Small abrasive wheels, almost entirely cnclosed, are used.

Small amounts of dust are projected from flicrs, though insuflicient proo-
ably to requirc the adoption of special precautions. Much dust is precuccd
in grinding ends and efficiect exhaust ventilation is cssential, present apparatus,
where provided, is capable of improvement. The process would be unnccessary
if bared ends were ieft in manufacture, and experiments dirccted to this desirable
end are being made and give promise of success.
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LPreguratury: processes o pusty naitiuy ineiude (1 dry grinding ot berized
w3TEsled o) alial Verbloal diac ghubiddig svimvs, ied ab the centre Lo o hopper
adove and discharged from the periphery tuto a bux below, and (1) haad mixing

Tooogroundd materiais 4t bench, wvolviig emptying out or dey material dute
cazi o Dust s preduced, the wrmeunt bewnyg ceustdersible o grinding Little
precastion 1s taiken.  Lhe processes nught be wecomplished under ainest cnuesty
encivsed couditions, ethicient exhaust draught veing appied b poiais wiwre
dary material 1s exposed, e.g., in leeding.

Rewinding of vara i3 sometimes nucessary and prinmitive artaligeinents may
be used, the practice reterred to on page 24 being tollowed, and us a consideravie
amouut of dust 1s produced, the practice should be given up.

Cable and Wiring.—Asbestos-covered cable and wiring coustitute a smail
zerzentage of the output of the cable tactorics.  The yarn is brasded and plajted
on the conductors at machines, not reserved for '‘ asbestos ' products, simiiac
i these previously described. Rewinding of ** cheeses, " as received from asbestes
taxtile tactories, is done at universal winding machines. The amount of Jdust
zvowved iy small, and special precautionary measures are apparently not required.

Field-coil Wrapping.—Tield coils {or clectrical machinery are wound with
asbestos tape by hand at ordinary work benches. The provess does not give
rise to appreciable quantities of dust.

(g) Miscellaneous. .

Moulded Goods.—Some electrical insulating fittiogs are nwoulded trom
varnish-unpregnated fiberized asbestos, prepared after thorough drying i a
vixer and yround in an edge runner.  Alteruatively, impregnated scrap, ground
o rumbler, may be used.  The preparatory processes on dry or practicaily dry
tiaterial are tntermittent, and involve sack emptyinyg, shovelling, wewglung,
litling and emptying shallow trays. They are cirried vt an open manuer
without special precautions except that as regards grinding, hanging curtains
may ve used at the edge runner, and the scrup rumbler is enclosed.  Dust s
evolved 11t the processes mentioned and localised exhaust ventilation should be
applied o cifect its removal, with, in addition, elfective enclosure of somne jiand
work, ¢.g.. emptying of trays into machines could be done iuside a cabinet
provided with internal arrangements for securing the trays and an external
handie for turaing them over. Localised exhaust may be necessary for final
trimming if done at abrading wheels.

Moulded articles made in other trades may contain but a small proportion
of asbestos, although a large quantity may be used. In onc cnse the asbestos
is sieved after drying, both operatious being done in enclosed machines, and,
in addition, dry mixing, done in rotary machines, and paste mixing, on cpen
rolls, as in rubber works, a . also required. Processes carried on with some
risk of exposure to dust include emptying of sncks into bins, filling of trays
tor drying, feeding at the sieve elevator hoppers, the dry mixer, and the rolls.
Localised exhaust is ngplied at (a) the elevator hopper, (b) the storage chamber
above an intermediate bagging point, (¢) the dry mixer, and (d) the rolls. More
cfficient arrangements appear to be desirable for (3) and {¢); the fecding of the
elevator might be done under enclosed conditions if a cabinet as mentioned above
were provided into which the travs could be inserted. Localised exhaust is
necessary at storage bins. TFinal trimming of rough edges is done under cfficient
exhaust draught.

Other processes of commparatively minor importance, e.g., asbestos putty
mixing, in which there is handing and feeding of dry material in preparatory
processes. will call for precautions as previously described for similar worl.

4. —SaAcKs.

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

5 —CrLeaNinNGg of Works, MaclINERY aND Sacks.

Some factories are kept in a more cleanly state than others. but lhigher
standards and improved methods are desirable generally  Weekiv cleaning bv
drv methods is general in textile factories, but 1s more effectivelv done i1n some
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cases thap (o others. Casual cleuning may also be done during the weex T
dust which gathers in a4 weel renders cleaning a very dusty operation, Coang
worlers may be seen on carding machines brushipyg dust into the air Jrom oo
covers, etc.. in considerable amount, near other workers Some irms
instituted more (requent regular cleanings and more sanisfactory metnods v
damping before sweeping.

Vacuum cleaning methods have uot been adopted aund such :nethods scem
to be regarded as impracticable. but this can hardly Le accepted  Totabl»
vacuum sets are constantlv used with great advantage in other classes nf EE
c.g.. electric cable factories. bv adult cleaners who keep the maciiines. ...t
service pipes, etc., thoroughlv iean.

If vacuum methods are not adopted. well organised daily cleaning. bv adults
using damp methods for floor cleaning. should be the rule in texuile {actozies
A water supply with suitable hose and sprav connections should be provided

Débris produced in asbestos-cement sheet works under meist conditicns =0
l.ecome dry and cause gencral dusty conditions. Cleaning should be so frequenuiv
done as to prevent this.

The cleaning under machines such as loons and cards eutails collecting
waste of considerable value, done at present by hand. Vacuum collection should
e possible : in principle, it is already used for remwoving side waste at finishing
carde. The sound principle of collecting card waste, through floor openings
has been adopted in one new factory, and might be followed in others. win
automatic collecting arrangements.

Sack cleaning is done in a few large works in cnclosed machines, involving
some risk of cxposure to dust in filling and emptying, notwithstanding the.
provision of localised exhaust ventilation. A type of “ exhuusted " machine
which does not involve such work is to be preferred.

6. —SUMMARY AND RECOMMENDATIONS.

Asbestos factories and workshops rover w1 great variety of processes. The
premises differ widely in structural features and are congested in many cascs
with machincry or material.  DTrocesses are largely carried on in elose assoctatian

 Dust is produced at many kinds of machines, in hand process worl, anu ...
simple incidental operations, particularly in emptying settling chambers. and ..
all handling of ** fiberized ' asbestos.

In textile factories, purc asbestos dust is continuously produced, 1o diliering
amounts, at all ths [‘;)rinclpa.l machines. Card stripping, a very dusty operation.
is ususlly efected by hand strickles. Hand mixing of different grades aud
varieties, incidental to opening processes, is also dusty

~In non-textile factories, pure asbestos dust is produced at opening machines.
in feedi. g machines, in making insulating mattresses (a dus'y hand process), and
in incidental hand work. Dust, though rirely pure asbestos, is produced in
finishing operations, ¢.g.. sawing, grinding and other abrading of ashestos
products.

. The appropriate methods for suppression of dust may only be fully deter-
mined when the harmfnl cfiects of comparatively low concentrations of asbestos
dust are duly appreciated.  Very dusty processes will nat fail to be recognised.
bat in processes such as spinning and weaving, in which in ather textile trades
special methods for dust control arc not required. duc precautions are alse neces-
sary. The asbestos manufacturers are clearly confronted with the necessitv of
attaining conditions in their industry which will ensure much less dust 7 -
atmosphere than can safcly be tolerated in many comparable trades not nsing
asbestos.

The principal methods for the contrnl of dust are . —
(n) application of exhaust draught at dust-producing points:
{b) substitution of enclosed mechanical methads for hand convevance
and for dusty hand work acnerally:
(¢} cffective enclosure of dust-producing machines and plant .
(d) substitution of wet methods for dry.
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Each o these has 1ts pavtaiiar sphere of utility, and the particular indiea-
n10ns Jor their adoption are put rorward infer alie th the recomendations below

RECOMMENDATIONS.

(1) Application of Efficient Localised Exhaust Ventilation at dust-producing
points.

This measure, of the greatest importance where munufacturing atd incidentat
processes occasion escape of dust not controlled by euclosure or other measures,
is necessary for :—

{a) Dust-producing machines, e.g.—

(i) Crushing, disintegrating, teasing and other opening
machiaes; sieving machines; fibre grinding machines; drv mixing
machines; rolls fed with dry mixings.

{ii) Carding machines (to suppress dust f{rom cylinder and
doflers, caused by stripping and grinding, in addition to that pro-
duced by carding): card side waste exhaust machipes; looms for
dry weaving; stripping and grinding machines; other textile
machines, if the dust evoived renders this preventive measure
necessary. .

(ii1) Sawing, grinding, trimming, polishing and other abrading
machines, used on dry asbestos products.

{8) Feeding and delivery lattices, or other conveyors, at machines or
other plant; fced hoppers at clevators; bagging lattices; feeding of dry
material nt wet mixing machines.

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

(d) Work benches, e.g. for mattress making, waste sorting.

(e} Various hand operations, e.g., sack emptying and filling, weigh-
ing, mixing. .

This is the principal measure hitherto adopted, and iy lprobuhly that most
geaerally applicable, It has been applied to some only of the above machines,
and agplilnm, but not to hand work. The methods of applying the cxhaust
draught, and other associnted factors, are becoming more effectave, but there
are few fully satisfactory plants. Special difficulties remain to be overcome in
some cases, e.g., looms, mixing, mattress making. If not surmornted, an
alternative, viz., general ventilation of a high standard applied so as to draw the
dust-laden air away from the worker, should be provided.

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

This measure—

(a) avoids depositing material in chambers, intermediate filling and
emptying of sacks or skips, hand feeding of machines, and other incidental
hand work;

(b) permits nf final filling and weighing, under the least dusty con-
ditions, of materials for dispatch:

{¢) renders exhaust draught more effective, or, in some cases
UO0ECessary.

It is already employed to some extent, and its further upplication, wherever
possible, is greatly to be desired.

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

t2) To prevent escape of dust not controlied by exhaust draught, or
() to render tts application more efficient.
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(4) Substitution of wet methods for dry.

To reduce the dust given off in certain processes wud work. ¢.o ,
ra) a cousiderable amount of weuving:
. {b) mattress making, by wetting the covers berore nliing, and by Irequen:
wetting of Acors and benches;
| (¢) final sawing, and other machine processes, in asbestos-vement ~heet i
| tile factories. before the prepared material has had ume to dry;
(d) works’ cleaning, hy damping foors and beaches, Lefore brushizg «»
sweeping.
This measure might be adopted to a greater extent than at present

(5) Elimination of certain dust-producing appliances.

Certain appliances are used in a few works, sometimes with a i sure of
precaution, but which emit much dust, difficult or impossibie to control by effeien:
enclosure or exhaust draught. They should not be retained unless offectivewy
1 modified.

(a) exposed doffer brush at carding machines;
{b) card side waste exhaust machines, delivering under pressure:
(¢} certain willeys and teasers, particularly old machines.

{6) Abandonment of Settling Chambers in Manutacturing Processes, to the
utmost extent.

{7} Effectual separation of processes to prevent unnecessary exposure to dust.
New factories should be iaid out 30 as to avoid cxposing workers to risk
from processes upon which they are not engaged. In particular, there should
be eflectual separation of—
_ {a) opening, carding and weaving, from each other, and from anv
other process;
(b) spinning, doubling, plaiting aud similar processes, from we-i
not causing dust;
(¢) mattress making, from all other work;
(d) chambers, containing fiberized asbestos in bulk, and dust sectlin
chambers and 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) Wids spacing of dust-producing machines in new factories and, as far as
practicabls, in existing works.

This measure would bring about permanent reduction of dust con .asratic:
in the air of the workroom as a whole. and provide improved cleaning facilities

Py {9) Use of sacks of close texture matarial for internal work.
(10) Efficient cleaning system with wide use of vacuum methods. (See also (1))
(11} Storage of Vubest.os and other goods to be outside workrooms,

———— —.

{13) Exclusion of young persons from specially dusty work.

Note —Particular preventive measures of a medical nature are referred to ia
Part I. where also the limited value of respirators as a safeguard in this indusire
15 briefly discussed.
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Nore ov Exttaust VENTILATION 1N AsHE>Tus Wonks.

Some exhaust glants are carefully designed and reasomably etficient, but
some are ill-designed and inellicient; others, again, do not effect removal of dust
0 a sulficient extent. The draught may not be applied as closely as possible tu
ine dust-producing puints. or may be too weak. Phe enussion ot a visible dust
clond at a point where exhanst is applied is a cleae indication of nadequacy.

Extensive alterations ol existing plants may produce serious loss of efficiency.
Exhaust provision for new machinery and processes should, therefore, generallv
speaking, be made independently. While advantages result from denling with
many dust-preducing points, by a single exhaust plaut, a nutnber of self-contained
olants, with independent tans and settling apparatus, s often more effective.

Exhaust ventilation applied on a large scale eutails continuous removal of
a considerable volwine ol air from the room. The supply of fresh air must be
ample or the efficiency of the exhaust ventilation may be reduced. [n winter,
the workers are liable to bring aboue this result by closing windows and doors.
Plenum ventilation capable of supplying the volume extracted, the incoming
air being warmed, may therefore be desirable, where extensive exhaust plants
are installed

Efficiency of an exhaust ventilation plant may be greatly reduced by in-
etficient dust-settling methods. Each fan should discharge into an independent
settler.  Settlers adopted in asbestos works include cyclones, large chambers
connected with cyclones, large chambers enclosed with sacking or nther filtering
material, and bag lilters. Cyclones and chambers are usually well separated
from workrooms. Dag filters are now being commonly adopted, for small instal-
lations. These filters and ** balloons ** are sometimes placed inside workrooms.
1 bad practice. They are best placed in frecly ventilated rooms, efectively
separated from workrnoms.

Filtering fabrivs for scttling dust gruduaily become clogged; und as this
effect increases the exhaust plant becomes more and more incllicient, the voluine
of air moved by the fan being reduced. Such settiers must therefore be kept
slean. The usual practice is to beat the filtering materiai. Arrangements for
shaking bags from outside, or automatic shaking apparatus arc not provided
Asbestos dust does not appear to be so diflicnlt to detach from suitable filtering
material as some dusts, but much dust is produced in beating. Efficient shaking
arrangements, avoiding this exposure, should be provided if this method of
settling is retained. Some firms strongly support the view that it should be
given up because of the difficulty of maintnining the exhaust plant at the highest
¢ficiency. The matter merits careful consideration. n particular, the
efficiency of the exhaust plant should be kept nnder constant observation by a
rasponsible person.

Cyclones should be of adequate dimensions. ‘The combination of chamber
and cyelone is used extensively. the fan discharging the air into the chamber,
to which the cyclone inlet is connectod.  The efficiency of this arrangement should
remain practically constant.

E R A MEREWETHER.
CHAS. W. PRICE.

14th March. 1930.
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