I BV
. HOME OFFICE ' Crazen Copyright Rescrecd
- - Zo/
REPCRT OIN
EFFECTS OF ASBESTGOS DUST
ON THE LUNGS

el

DUST SUPPRESSION IN THIE
ASBESTOS INDUSTRY

Merewether, E.R.A.

PART I Occurrence of Pulmonary Fibrosis and other
Pulmenary Allections in Asbestos Workers

PART II. Processes giving rise to dost and methods for
its suppression

BY
E. R. A, MEREWLETHER, M.I.-
AL Medical inspectur of Facrics

AND
C. W. PRICE

ILM, Eugineering Inspecior of Fagiuries

LONDCN :

PRINTED AND PUBLISHED BY HIS MAJESTY'S STATIONERY OFFICE.
To be purchased ditestly frem LA, STATIONERY OFFICE at the following addresses:
Adastral Hane, Kingsway, Londen, W.C.2; 120, Genrge Street, Edinburgh;
York Streel, Manchester; 1, St. Andrew's Crescent, Cardiff 5
‘/ £5, Donegall Souare West, Belfast;
ot through any Bookscller.

B 1930

Price 18, 3 Net

More Asbestos Documents Available At: http://www.asbestoslegaljournal.com



/lwww.asbestoslegaljournal.com

http:

More Asbestos Documents Available At

1. IxrropucTion

CONTRENT

o, Breprors or Danirast Dhuse vroy tae Lusas .

The Nature of Ashesios

3. SBcore ofF TR )FVESTIGATION

The Topulation al rizk

Sclection of Workern for Lxamination ...

‘3.

The Clindea] Examination and Standards ndepted ...
Radiographic Examination of ihe Lungs .

4. ligsurrs oF e [xawiny ...

Ashostosis—The Pulmonary Fibrosis of Asbestos Workern

The Asbesten Dodics

The Incidencs of Pulmanary in:rum- in Asl:cuun Wurlu.rs
Efteels of Age and Length of Kmployinent
Effect of Work in Didflerent Processes

Relative Dustiness of Yarious Asbeslos 'rucesses ...

Coneentration of Dhist and Length of Fxposure nccessary to prodncc Fibrosis ..

Disablement produced by the Ashestos Fibrosis ..
Progress and Duration of the Discase ...
Association of the Ashestus Fibrosis with Pulmonary Tuberculasu

Bwinmary

8. Facrons pETznuivixe tO8 PrrseXt R¥CouxiTioN oF e

8. Prevewrive Meavasss ..

7. Tag OVTILOOK .. ..
N

1. Ixrzopucrion

L Presuses,

Ventilation
Separation of Processcs

A Descurrttox of Pnocrssrs axo Prevextive Meisunes ...

. Texrites
(a) Yarn and Cloth ...
Opening - am
Carding -

Btripping nad Grindivg
Card Side Wauste Treatment
Epinning and Donbling
Warping, Winding
Plaiting and Brading ..
Wenring -
. Cloth * Picking,” qurnmlng,

Measuring

Asocstos Yignoss, ...

17

17

17

15

13
20
i0

10



/lwww.asbestoslegaljournal.com

http:

More Asbestos Documents Available At

Non-ThNTILES =
Fiberizing nr Opening
(&) Milihoard, Vaper, Shects nnid Tiles
(e} Insulalion Malerials and Arlicles ...
Comypwsilions
Consolidated  Sheets
Seetions antd Slaks
Mottresses
(d) Brake and Clutch Linings
(e} Packing and Jeintinga ... -
() Ashestot-enverad Eleetrie Condnclors
Elcctrodes
Cable and Wiring
Fiold-Coil Wrapping
{g) Miscellaneous
Monlded CGoods

L Sacxs

b Creaking or Worxz, Macutseay axn SBacks ..

8. SumMany ANp RICOMNEXDATIONS

Nors ox ExHAUST YENTIATION IN Atiynios WORKE ..

CIube .

30
A

31

J4

This Report was laid before Parliament on the 241 March, 1930, but

has not been published as a Command Paper.

Ling



/lwww.asbestoslegaljournal.com

http:

More Asbestos Documents Available At

The Riglt on. J. 1. Crynes, M3, 7
Iis Majesty's Seerctary of State HAT
for the Mome Department. -

Home OFricr,

17th March, 1930.

S,

I submit hercwith a Report by De, . . A, Merewether and Mr. C. W,
Price on their inquiries inte the health-comditions of the asliestos industry.  Dr.
Merewether's investigations on the medical side are of prreat scientific value.
They establish the facts that the inhalation of asbestns dust over a period of
years results in the development of a serious type of fibrosis of the Jungs, that
the development of the discase varies in direel proportion to the length of the
exposnre to Just, and that susceptibility Lo the disease is not allected either by
age ot sex.

The remedy for these conditions is to be found, as in the ease of so many
industrial diseases, in the supprossion of dust.  The second part of the Report
indicates that this point has only recently been appreeisted. " In the non-textile
section of the industry, no serious diilienities avise as regards the application
of exhanst ventilation. TFor the textile section, it is evident that a good deal
af experimenta] work will have to bhe earried out hefore completely snecessful
veaiilating appliances are evolved cliectively to remove all the dust,

I have the honour to be,
Sir,
Your obedient Servant,
GERALD BELLIIOUSE,
H.M. Chief Inspector of Tactories.
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Report on Eilects ol Asbestas Bust on the Lunos and

Dust Suppression in the Asbestos Industry.

PALT 1.

THE OCCURMENCE OF DULMONARY TIBRO3IS  ARD OTHER
PULMONARY AFFECTIONS IN ASBESTOS WORKELS,

1.—~INTRODUCTION..

"This Report is hnscd'upnu the data obtained in an extensive investipation
during (he years 1028 and 1929,  The ingoiry was initiated by the Yactery

. Department of the 1lome Oftice following the discovery in February, 1928, of a

case of non-tubercular fibrosis of the Iungs in an ashestos worker, of sullicient
saverity to oeeessitate treatment in hospital (Setler's Casge').

P'rior to this, this Departmeul had knowiedge of ouly two deaths of ashestos
workers, abont whom there wus expert opinion that the inhalation of asbestes
dust had at Ieast contributed to, if not cansed, the fatal vitcome.,  The first of
these, now _referred to as the ** Montagne Mureay Case,”’ occurred in 1900,
but all that is known concerning it is contained in the evidence given by Dr.
Montague Murray in 1906, before the Deparunental Committee on Compensation
for Ludustrinl Diseases®,  In this cuse post mortem examination confirmed tie
clinical diagnosis of extensive non-tubercular pulmonary fibrosis.  ‘The secomd
(Cooke's Case”) occurred in 1924, EHere, althongh Cooke' and Stuart MeDenald?
were of the opinion that the lnugs showed a progressive dust fibrosis together
with a chronic tuberculous infection, the etivlegieal relationship betwesn the
inhalation of asbestos dust and fibrosis of the lungs would have been strengthened
by the absence of a tuberculous jufcction.

An early survey of the industry in 1910-11 by the Department did not dis-
close any evidence of the cxistenee of a serious health hazard in the industry,
but some experiments on animals conducted in 1912 by Professor J. AL Heattie
of Sheffield University for the Depariment showed that the inbalation of ashestos
dust will canse a miid degree of fibrosis. C

When, therefore, investigation of Sciler’s Case showed that other industrial
and infective eauscs of fibrosis could be definitely excluded, the nceessity of
deciding whether the supervention of this disense tn an ashestos warker was an
exceptional ocenrrence, or evidence of o grave liealth visk in the industry, was
apparent and the investigation referred lo was undertaken.

2.—Lrrects oF InmiTant Dusr Uron thr Luncs.

The most important local efiects which may follow the inhalation of dust
include pulmouary and bronchial caturch, asthma, bronchitis, f[brosis of the
lungs, and scéondary changes, such as emphysema, lncal or diffuse. Thesc
changes in the lungs, which may be locked upon as a measure of the efiorts of
the living tissues to repel or incarcerate the irvitant particles of dust, necessarily
cause interference with the general eMiciency of the lungs. The impairment of
functional capacity may be slight or scvere, and temporary or permanent, de-
pending on the variety of dust, and on other factors, such as concentration
of dust and length of exposure.

Moreover, individuals whose lungs have been affected as the result of the
inhalation of seme dusts, show an incrensed snsceptibility to the supervention
of respiratory infections, such as tuberenlosis or pnenmonia,

Fibrosis of the lnngs is recognised to be the most imiportant lesion cansed
by the inhalation of dnst, and the pronencss of workers with a dust fihrosis o
be afiected with pulmonary tuberculosis has been shown to be the main caus
of the ivcreased mortality rate from the latter disease in vertain dusty oceupa
tions,

158 7 A}
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This trind=expasure Lo dn, fibrosis o the lungs, and ligh mortslity rate
from pudmonary fuberenlosise-was found 1o he comizm toq nuriber ot large
and fmportaat inMstries, and in all of tham the dusl iberiminated was free
arystalline sificn (Hi0,).

These features were nat ohserved, however, in other industrics in which,
while there was exposure to siliccous dust, the silica was found to exist in the
combined form as a silicate sl nog in the [roe condition,

Thus, shortly, free silica came 1o he reguerded as the pre-cminent eause
of industrinl flrosis of the luness and as natable [aelor in the ‘u‘mlud}nn
of the cxeess morialily rate from pulmonayry tubereulo=is 11 cortain Imdusirics.

Whilst the pulmonary filwnsis produced by free sitien (Silicosis) has been,
and s being, mimutely investigated, the potentialitics, as Dbrosis produeers,
of dust other than [re¢ silica have unt been Iully explored, although it appears
certain that some other inorganic dusts ean, and some cannut, produce libresis
under the conditinns met with i industry.

That a serivux, even falal, degree of fibrosis can be produced by some
of these other dusts Bas not been generally appreciated, although Badham in
a thoughtil paper® has drawn attention 1o this point, in reporting a fatal case
of pulnionary Gbrosis vansed by dust of an orthoclase basalt containing ne free
silica.

The Nature of Asbestos.—The fibrous mincrals commercially known as
asbestos fall into the latier group, the silica befng combined with metallic Lases,
maiuly magocsium or iron and, tu a less extent calciam, sodivm or aluminium.
The tarm is a collective name applied to a variety of siticate wmincrals which
difler from cach other in chiemieal composition and physieal propertics but
resemble one another in their finely librous nature and Hexibility, Tlieir value
depends on the facility with which they can be split up into iong and flexihle
fitres for spinning and weaving, en their resistance to heat and acids, and on
their insulnting properties with respect to heat and clectricity. Varicties of
asbestos possess l]])le.'ﬂ! characteristics in differing degree.

Practically speaking, all that goes under the nomne ashestos in commerce s
either fibrous serpentine, or a fibrous mineral of the harnblende group, of which
the most important are crocidolite, amosite and tremolite. Serpeutine asbestos
or chrysotile is essentially a hydrated silicate of magnesivn, containing little
iron and practieally no caleium.  ‘Fhe hornblende varietics contain less mag-
nesium and vsually more caleium, aluminium and iron—erocidolite and ameosite
heing mainly silicates of iron. .

3.—8corPE OF THE INVESTICATION.

Asbestog is very largely used in industry, being an impertant constituent
of many different products. ‘The diversity of industries concerned made it
essentizl that soine restriction of the field of investigation should be decided
upon.

The manwfacturing precesses sffected fall more or less. sharply inte two
groups (1} thoss in which there is exposure Lo pure ashestos or ashestus mixed
with a very small pereentage of cotton or other vegetable fibre, and (2} these
in which there is exposure to a mnisture of dusts, of which ashestos is but one.

The former group comprises, in the main, the textile branch of the industry,
8 branch manufacturing insulating materiais from practically pure asbestos,
and some preliminary processes in other branches,

The latter group includes n number of processes in which the proportion
of ashestos in the dust evolved ranges from a negligible quantity upwards.
Since it is fmpossible to evaluale the eficct on the lungs of mixed dusts, of
which asbestos dust is only one component, until the action of asbestos dust jtscif
was determined, the examipation of workers for the purpese of this enquiry
was restricted to workers employed in provesses included in gronp (1), in other
words, to workers as nearly as possible exposead to the influenee of miure ashestos
dust.  Fucthermore, the cficets of previons exposnre fo other jrritaul dusts,
such as that of {ree silica, had to e excluded.

VIV IRIVE]
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The Population ap Risk-—The gress pumber of werkers who wav be
exposed 1o the inhalating of azhestos dust 1o any extent bs nslinown, and. awving
to the greal \'.’nlu.-.:!.}' of provesss (‘m!rurnwl, there e insuperable ditbenltivy in
ascertaining this figure. Nor, in Fact, wonld enlightemuent on this puint be
of any particular value, =

It is otherwise, however, with respeet to the fizmire representing the smumber
constartly expossd i the conrse af their daily work to the influence of pure or
almost pure ashestos dest.  RBome information on this peint is very desivable
to cheek the aldequacy ol the snnple of workers examined, and to ehvissge the
problem conlrouting the industry, )

While anly a rongh approximation is possille, it is believed (hat abont
2,200 is the presest number of persins in (his cunntry exposed in their daily
work ta the inhalation of ashestos dnst, either poee or admised with a smail
proportion of cotton. Tt shoull not be overlouked that this figme daes nnt
include the considerable mumber of workers exposed (o the influence of mixed
dusts of which asbestos is but one, and commonly not more than 20 per cent.
of the mixture.

Of (hese 2,200, the swmple examined nunbered 363 {excluding 11 for
reasons referred to later) or 16.3 per cont,

Selection 0}' Workers fm' Erxumination —The selection of workers for
examination was not left entirely to chance, since it was carly evident that the
proportinn of thuse employed 10 years and npwards in the induslry was very
small; thevefore, in each factory those Tongest employed were preferred, since
the tmportance of including a sulfivient sample of this group is evident, Hegurd
wag also paid to the other end of the seale so as fa oliain information as Lo
the length of exposure to dust necessary before efivets ave mabifested, and also
to the particular process on which the worker was eungaged,

By baiancing the eomponent grovps of the sample in {his way as the
enquiry proceededl, it was felt ehat the maximum information would be oblained
in the shortest time.

It folimws, therefore, that in respect of length of exposure to asbestos dust,
the component gronps of the sample do net hear the smne relationship to euch
other as the corrcspondi::;;.gronps of the industry wnder review. The sub-
joined Tables wiil make this clear. Table 1 shows the distribution according
to length of employment (not necessarily in one factory) of 7735 workers, the
total number engaged on those processes in several fuctories. Table 2 shows the
sample of 363 workers distributed in the sanie way.

Tantr 1. Tanwy 2
r t ¥ : r
Yerra ercentage cars . '+ Derecntage
employed, Number, of Total. empioyed. Number. of Total.
0=t ... . 182 cz-3 G-4 . ] 263
2] vas . 200 258 5-9 141 18-8
10-14 ... 41 68 10-1¢ ... B4 23+2
15-1% ... 24 31 1s-19 ... e 25 77
20 and ovor ... 17 2.2 20 ond over ..., 21 5-9
I
Tolals ... kil ] 100 Totals ! a63 100

The enormons prepontlerance numerically of worliers emploved nnder five
years is striking, as also is the very low percentage of workers employed 10
yeurs ar Jonger.

Comparison of the two tables shows that the »fiect of the method of sclec-
tinn of workers for excuninalion is that the num'  cxamined in ecacl sucee=eive

five years emiployment gronp is a prouressively er preportion of the tetul
aumber which could luve been examined in e wticular group.
(11 R
-
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With a solitary exception all those examined were at wark on the day ot
expmniation,

The Cliwicel Eramingtion und Stwadurds odopted . —The nature and
purpuse o the nguity were explained to cach worker whom it was Jroposed
to cxaming, individnally, and his or her co-uperation obtained. Each in-
dividunl'y previous industrial histury, subsequent to leaving school, was noted
i detril.  This was essential in opder Lo exclnde. especially, the elieet of pre-
vious work in any of the numncrous proves<es invulving exposure (o e silica
dust, aml, Lo a Jess extent, the eliect of other <dusts, Shmilady, the in-
tlividnal's medieal history was scrutinised from childbood onvards, to delermine
the physical level on entry intw the indust:y and wny subsequent chauges,
Tartienlir attention was paid fu aceounts of puimonary allments, some of
whieh, like asthma and brouchitis, ave common enough mmougst the general
pepulation, vot are abo pon-speeific signs of irsitation enmsed by the dvhalation
of dust, whilst others, like inllnenza and pricumenia, ace cccasionnlly followed
by a degree of pubmonary fbrosis. War seevice, if any, was gone into, espeeially
25 to whether there was any history of the worker having been a gas casunlty
at any time.  The family and persnnal histery in respeet of pulmonary tuber-
culosis was enquired into, and also as lo any close azsociation with known eases
of this disense in friends or relatives.  In approaching the pevtinent subjevt
of symploms, great care was tnkeu to avoid leading questions. especinlly in
cliciting information as to the existence of any unduve shortness of breath,

The nctual details of the physical examination do not eall for comment,
inasmuch as they followed the wsual lines of a detniled 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 in
assessing the state of the lungs. The appraiscment of any departure from the
normal nevessarily pre-supposes the existence of such a standard.  Lvery
clinician has attaied, as thc result of experience, his own clear conception of
the norinal chest, but it is not often that he finds it necessary Lo debive this

slale in so many words, in-fart ib seems scareely possible to do so, and Lhis for

several reasons; the hehirt and lungs function efficiently within wide Vimits of
applied strain, and, althongh vestizes of past disease may be present and
apparent on examioation, they will be nnimportant if they will uever tax the
organism lieyond these limits, are non-pragressive and do not predispose to other
discase, Age itsclf has recognisable effects, but for this reason alone, the chest
cannot be considerced abpormal. ‘

There is obvious disparity between the standard of physieal fituess required
for an air pilot and that required for life insurance at grdinary rates; in-
dividvals reaching either standard can be classed ns "' normal,’” yet many attain-
ing the latter standard have never approached the former.

Thus, within limits, varions rradativns of novmality may be distinguished,
and correspondng standnrds constitnted without inaceuracy, the precise stntus
of any standard being determived by the ]pm-posc for which it is established.
For the purpose of this cnquir{ the staudard adapted has beea that evineed
in any large growp of persons living under sinilar environmental conditions,
apart from work in dnsty eccupations, as those of the gronp being considered.
This ia neither a high stnndarr{ nor & very low standard, but the average stan-
dard of nonwality  displayed amongst the iwdustrial population of this
country: - !

Radioyraplic Ezamination of the Lungs.-—Tu addition a careful radio-
graphic exnmination of the chest was made in many (1) cases, the necessity
for which in investizniions intn the effecls of dust npon the lungs has heen
emphasisel repeatedly by vaviows authoritics. 1t was not. of course, feasilile
to obtain techpieally suflicient radiozrams of all the workers examined. devived
ns they were from factories seatterad over the conatry, some in districts remeie
from a radiolegien] centre. The made of selection was dictated by the needs
of tho situntion, with the obicet of Jueidating material points germane o the
investigalion, ¢.g., the clucidatinn of - wmplicaling afeetions, in mes nring e

VWduiy
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rxlent :nul.prugrt-ss af the desions and locating the peint at whieh e carlivst
radioraphie <igng appear, il fallv s a check upon the lnpnan factor
preseited by the examiner himselT,

Uuuug.

4 —ResuLts or Tae Tgumy.,
To :ml‘i:'ipn{c, examination af My data eallected Si Ods investization leads
tn the conefusinon that the inhalation of ashestns dnse aver o period of years
resills in the develaproent of a scriaus type of fibrosix of the Iungs.

Asbestosis < the Pulwowiry Filivosis of Ashestos Waorkers- -JU ta helplul to
visualise fibrosin al the lnges as {0 occurs i ashestos workers ns the slaw growth
of fibrous tissae (sear tissue) belween the air eells of the Tung wherever Lhe in-
haled dust caures Lo rest. While new fibrous tissne iz heing laisd down like a
gpider’s web, that depesited earlier mvadually eantpacts. This Bhrons Lssue
is not only nseless ax n substitnte for the air cells, but with continned inhalation
of the causative dust, by its invasion af new territery and consolidation of that
alrendy occupied, it gradually, and literally, strangles the essential tissues of
the lungs.

In commen with-othur essential organs of the Lodv the lungs have a large
reserve of tissne for nse in emergencies and to permit of a diminution of
functional capaeity due to advancing ame ar disease. For this reason. and
becnuse fibrosis of the lungs s essentinily a Ineal disense, 1t is only when the
fbrasis progresses to the extent of nbliterating this reserve, that undne short-
ness of hreath on avy extra offort draws the worker's attention to the fact that
his health is not what it should be.  The other svmptoms of the disease such
as conzh are equally unassuming, and are rendily ascribed to some common and
trivial eanse,

Trom this peint the progress of the disease is more rapid, since it is now
encroaching on the remaining sound tissne of the hings, already only just suffi-
cient to waintain him in his ondinary dadly activities, Ultimalely, if no acute
respivatoty infection bas precipitated a fatal termination, a stage is reached
when the tungs can delittle mere than maintain life, and the shortness of breath
hecomes extreme.

In its main chinjeal fentures. therefore, the disense resembles silicosis, ns
might be expeeted. Tt differs from silivesis, however, in the made of distri-
bution of the filirous tissue in the lungs, in ils moere rapid developmnent, in its
radiolowien] fenlures, and, there is some repson for believing, in a lessened
susceplihility to the snpervention of pulmonary tuberenlosis, the lability to
which discase is so definitely an added hazard in silicosis,

The Asbestos Bodies—-Tn the lungs of those exposed 1o asbestos dust,
angular particles devived from asbestos,” and spicules of asbestos” arve Fourd
on microscopical examination. aud also numbers of peeuline bodies described
by Cooke and 1Fiil" and Stuart MeDonald®.  They are vellowish brown in colour.
of clongated, bead-like form, often with buibous ends.  Caoke' and Roodhore
Gloyne® independently demenstrated a mineral core in these bodies, evidently
derived from the ashestos fibre,  Stewart and Iladdow’” have alsa demonstrated
their presence in the sputum of sshestns workers.  These hodjes have not been
fonnd to eceur in any other human affection.  Thev have been found in the
spuatmm within a comparatively short time after exposure to asbestos dust, and
in the absence of clinical or radiological evidence of pulmonary fibrosis. their

" presence cannot be taken at present as indicating anything more than previous

inhalation af ashestos dust.

" The Incidence of Pulmannry Filrasis in A sbestos Warkers —The extent of
the risk to health associnted with exposure ta nebestos dust under present indns-
trinl conditions may now he eonsidered in detail. :

Of the 374 workers of both sexes examined, 105 were Taund {o have a diffuse
fibrasis of the lines attributable to the inhalation of dust.  Ten of these. and
oung other in which there were carlier signs of the same eondifion. bave heen
exclinled fram farther emnsideration, inasnmch that it was felt that pooviang

worlt ia other dusty occupations. sueh as quarrving, and conl mining, v " v
heen the prime or a contributory factar n the develnpment of the i oy
lesions found.
Fans .
-



/lwww.asbestoslegaljournal.com

http:

More Asbestos Documents Available At

T IVP

10

Thus, 95 of 269 workers, or 2022 pey cent. chiowerd a definite Hibeosis doe o
ashestes dnst, A additienal 21 were Tonnl with precursive sige of tiris disviese,
b Uiese are given o weight in e geners | eonelusions, which ave derived solely
From cxamination of the 43 cases of dulinite fibrosis,

Of the 183 radiographal, 62 presented padiographical sims of a diffuse
fibrosis, and in oo Turther 25 there were suguestive radliotorieal ehunges ust
definitely dillovn lilwosis. T 10 of the former group aml 3 o the latter the
changes were possibly referable to priar work in other dusty meenpations ot o
other cause, and they are therefore exclnded, teaving 52 vases of fiirosis amd 22
with sins snagestive of early changes n the lungs due to asbestos,—sulliciad
radiologival confirmation.

What inferences shonld be deawn Trom these figures T—Certainly not that
26.2 per cont. ov roughly I in 4 of those 1t present exposd Lo asbestos dust in thei»
daily work have libresis of the lungs.  As mentioned previeusly . the samle
examined is lowled with a greater propurtion of workers emploved 3 jears and
over than oblains in theso sections af the industry at the present time (Tables
1 and @ above), and as shown in Table 3 Lelow the incidence of fibrosis inereascs
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 e applierd an this account. Applying the rates shown in Table
3 to the fumras in Table 1, it appears that the aeneral incidener rate of fibrosis
of the lungs amongst those emploved in these sections of the industry is rather
less than 1 in 8, or, excinding those employed under 3 years, rather less than

1in 3.

Further corrections woull have been necessary if the sample had included
an undue propurtion of workers from the more dusty processes, but this wns
found not to be the case. Also ne correction is required on account of differing
age distribution since, as will be seen luter, the inctdeuce of fibrosis is unaflected
therehy.  Sex has no cffect.

These gencral incidence rates are convenient werely as affording a rongh
indication of the iulicrent risk assoeiated with exposure to asbestos dust at the
present time.  They have no nermanent valne either as an imlex of the gencral
rislk of fibrosis in the industry from year to year, or as A measure of the rislk
in any ]particn]nt factory or group of empioyees. This must be so since not
enly will the distribution of workers in the indusiry according to process amd
leegth of employinent vary from year to year in accordance with trade develop-
ments, but the incrcasing application of methods for the suppression of dust
will have & cumulative efiect in reducing the fibrosis incidence rate in futurs

_years..

Ejfects of d ge and Length of Employment.—Table 3 shows the distribution
of the workers examined according to length of emplovment, and Table 4 their
dlstl.;-zbutwn according to age, together with the incidence rates of fibrosis in
each case. ‘ ‘

Tanus 8.—Incidence of Fibvosis relative to Lengih of Imployment,

) Cazes of Filrosis, , Average age in yenrs,
Years - Number = T
Esmployed. Examined.’ Group Of Group less |
Nuwwnber. Incidenco per casa | O{.m’“. of
cent, of Fibrosis. . Fibrosis
| : [ .
2 SR 85 | o — P me -
/ , 5-8 .. .. 141 28 25-3 f J0-2 36-0
| 10-14 ... ™ a4 L 1) 381 - oddd 4044
, ::—laé" ™ ;8 . 13 53-8 41-9 43:3
! and over ... 1 17 . : -
. ! 2809 ; 54-4 32-7
Totals ... 363 ° ! . ’ . ;
! 5 L L 414
TR
[
- ~
i _
e e A e T T T T T e e e T ra . T T e . o
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TarrLy l—Tlueidence ._,y' Librosis pelulive to Age.

- Casey of Filrnsis, Average length of einplayment
) (LIPS N
' Numiwr
Age Groun. Lxwmined. ! Lroaup O Group leas § Of eases of
Kumber, Lneidancs per rases : I'b H
cent. of Yibrosts, ! HuTosts.
Uple 10 ...!. 23 1] -_— a2 —
20-29 .., ol 150 14 03 62 87
-3 . | 100 a0 00 o1 12:2
40-49 .., o [ bk G4 11-3 ii-2
5652 ... i F4] 11 37-9 9.7 16-0
60 and over .. 14 '] G4-3 16-9 19-3
Totals el 363 LL] | 26-2 7% 13:5
!

These Lables indicate the oulstanding impartance of length of employment
(and henee lenyth of exposure to dust), and the negligible elicets of age, on Lhe
production of [drosts.

Thus age groups 30/3% and 50/50 (Table 4) have incidence rates of 30 per
cent. and 37.9 per cent. respectively, not a wide difference, since the gronps
inclnde workers in various processes exposed Lo different concentrations ot dost,
Moreover, the average length of employicut in these twn groups, excluding the
cases of fibrosis, 1s almost identical, Imt considerably less than the average
length for all the eases of fibrosis (13.3 years).

It appears also from the same Table that no speciul susceptibility to the

~development of fibresis is shown by youne persons, unless it is considered that

Lhe figure of 8.7 years, the average length of employment of the cases of [ibrosis
in age group 20/29, has heen shortened hy increased suseeptibility of ages under
20. ~ As, Lowever, the average age of this gronp at cases of fibrosis iy 26.7 years,
and also because the establishment of fibrosis does not necessitate jmmedinte
retirement from work, this is largely disconnted.

Column 4 of Table 4 also shows a general irvegularvity which, in itself,
points strongly t the negligible efipets of age in the production of fibrosis,

Turping to the clicets of length of employment a very dilferent picture is
seen.  Table 3 shows that after 3 years” expostre, the incidence rate monnts
rapidly, and after 10 years increases almost in geometrical progression.

Effect of Work tn different Processes——Thore ave iusuperalde difficulties
in ascortaining trustworthy fiures of the precise incidence of fibrosis amongst
workers in partienlar ashestos processes.  This is the result of the common
practices in the industry of housing many processes in one room, and of workers
transferring from one process to anether. These two factors, the influence of
dust from neighiwuring processes, and prior work in other asbestos processes,
operate to ohsente the effects due to work in any one process.

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

{1) Crushing, opening, disintegrating and mixing,
-(2) Carding.

(3) Spinning, twisting, douhbling, p]aitilig. ele, ' )
(4) Insulating mnttress making,
(5) Weaving anil associated processes. !

(6) Miscellaneaus processes and remaining unclassified workers,
.. The outstanding point bronght ont in this way is the relatively verr low
incidence rate of fibrosis in group 3 (termed '* spinners ™ for convenience) as
conpared with cach of the other groups. There is some indientien alse that
amongst * spinners 7 the discase takes longer to develop.  Study of the radio-
grams, also, reveals further indications confininatory of this. Moreover, estima-
tions of the dust content of the air in the neighbourhond of these procc‘ss[_-q and
in that of others in the various gronps show that the evolntion of dust in ;-rnrln
3 is nlso refatively low (Table 5). . A

f?u" Ad
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In Cact, the histary, and U medioal aed diologiezl featares of the cises
of fibrusis, together with the realts ol vompari=on of the sust connta, all cons
teibuie in same dezree to the view that with vomparatively low concentratiog of
dust in e neighlorchool of a provess, the resulting enses of fibrusis anongst
the worliers in that, process are longer in developing amd rensin lopger noa
milder stage, Bt Tollows, therefore, that in such cases the rate of acenmulilion
of dnst in the Jung has not greatly exceedel the rate al climmation, and a
further point of great practienl impnttance emeties, namely, that in order to
prevent the full develojanent of Lhe disease nmmonist ashustos worliers within the
space of an average working lifetime, jt is neeessary 1o redice the concentra-
tion of dust in the air of the workrooms to a fignee below that pertaining to
spinning at the time over which these tases were exposed. o )

Not only roes rronp 3 shaw the lowest inciclence of fibrosis, but it forms
the larmest individual group in these seetions of the indusbry—abont orne Lhird.

Relotive Dustiness of Varvious A sbestos 'rovessee~—While sume refereice
here to the varying amount of dust evalved by the diffcrent procesres 1s hecessary,
the eausation of ihese diflcrences and methods of suppression of dust are dis-
cussed in Part H of this Report.

Differcut asbeslos provesses do canse the evolution of different amaituts of
dust into the air of the warkroams, and, under present conditions, the difference
botween the least dusty and the most dusty processes is very pronounced.

In some processes 1he productien nf asbestos dust is instunilicant; in 2 second
group dust is continuously evolved It in yalatively Isw concentration, as in
spinning: in a third group the cvolution af dust is continvous and in high con-
centration, as in dry eioth weaving: and in o fourth sroup waeh dust is dissi-
patad in bursts of short duration, as in emptying the fibre Trom seitling chumbers
by hand inta hags.

Some additional data were abtained by means of o limited nunber of
determinations of the dnst content of the mir ut the hreathing Jevel of opeen-
tives engnoed in varions processes, with the aid of the Owens’ Jet Appuratus.
The figures in Table 5 which were calenlated from some 50 determinations.
give o rough idea of the general dnstiness of the pracesses concerned, aud also
of the effeet 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 scen from this Table that the dustiest processes are opering (with
old frshinned teascrs), sieving (with no local exhaust ventilation), and shovelling
or otherwise handling asbestos filwe. with a comparative fizure of 234, The

heaviest connts of all were found in this gronp, in sack filling by hand in a-

settling chamber. The comparative figure here wns 06.84, hut the record was
dense, with much clumping toaclher of the «dust particles, with the result that
the total dust count arrived at was undonbiedly tao Tow.

Next in order is dry cloth weaving without the upplication of localised
exhanst ventilation, with a fignre of 1.93.  This is undoubtedly a dosty process,
and aithough local exhaust ventilation reduces the count st the breathing level
of the weaver, much duost still cscapes into the warkreom.  Weaving eloth
wet, not merely damp. reduces the dust count to a remarkable degree.  Column

TabLE 5.—Relative Dustiness of varfous Processes and Effects of Localised
Exhaust Ventilation and Deanp Methods in suppressing Dust,

Wenring,

- P, Matlress Maki i
Spinning, Canlinz Cloth. Band. Tatiress Makiog Opening

Dexidinz, ‘_:‘"""' -_— a— and
Plaiting.] Drr. i handling
t{llln;ll - Drr, | Dry Damme ﬁ'h‘re,‘
nen - -t with rithaut amp® | withou

exhanat “l":l'l:'l“ll ‘;LT; U wet lowal ! Wt = |°,:H' with lownl
wentil exhanst | eshonst i *{ exlnust | * { pxhnnsl exhuust | pxhanst
Atjot, —— AT ventile , rentil- erntil ventils

. " Rtion, ation. ation. atien. | stion. atinn.

m )] m m 161 1] Q] I__am 1

1 ] 1717 1-5h ! Ly 1 '$8 81 a1 1:83 “GP l L1 B39

* Nate that here e exhag-t ventilation meand spetinl generad ventilati Lo : i ’
at# : 3 > geuerpd veadilating of the maittess moking
roome, 1wk leenlisd nt the wark beoehes, : kg e
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7 lor Tund (e, narrow) weaving, wet is not acenrate sinee the foure has been
raived by dust Trane o neighhotrnng dry cloth Joom,

Mattress meking withosl any precantions, suel as eslioust ventilation,
or damping foors, tabies sod cluth, Tollows next with o figure of 184 {See
feotnote Table 5). Application of exhaust ventilation, and damping reduces
the figure considerably, bug ibomay be that the figures in volumns 9 and 10 are
log Jww, sinee counls lor soie sn ;sidmry provesses, such as buttoping, sewing,
and entding out, are nob wvailable, ‘

Tt will be ohzerved that earding, although essentinily a very dusty process,
produced & eomparitive figore of only 117, This is ddue in parl to partial
cuelusare of the working parts of the carding wachine, Tt is mostly the result
of the gpplication ol lueal exhanst \'cnti]:!lil.m. Moreover, the figure does not
take inte account the cxtremely Justy operation of stripping,

Relative o the comparativg numbers for the other different procésses, the
figure of 1 for spinning, pliting and braiding is probably rather too high,
owiny lo contamination by dust from neighbouring and more dusty processes.

Bamples of ashustos vary much in chemieal canstitution and physieal pro-

ertics, and of Lhe three main variceties, ehrvantile, crucidalita, amll annsile, the
atter twa, in the opinion of experienced workers, usually give rise to more dust
than ¢hrvsotile in the textile manulncturing processea,  No evidence was found
to indicate that any one of the three varictics is more, or loss, potent than the
others in producing fibrasis, other factors, sneh as concenteation of dust, heing
equal. A peanliurity of the ashestos fibre is that it first fragments longi-
tadinally, and apparvently this process can go on indefinitely, sioce there is no
ultimate fbre comparable to o vegetable fibre such as cotlon,

Concentration of Dust and Lewgth of Erpesure Necessary te DProdvce
Fibrosis.—TFrom the data so far examined it seems clear that fibrosis of the
lungs is a defmite ocenpatiunal risle amongst asbestos workers as a class,
Furthcrinore, it appears that the risk falls trost heavily on those lungest ¢m-

ployed and on those engaged iv the more dusty processes.

Some further consideration of these two iuportant factors, length of em-
ployment and copcentration . f dust, is desirable.  Obviously, to sume extent,
they arc interdependent, since, assiming that a specific quantity of asbestos
dugt st be inhalsl to produce a genernlised fibrosis, the fibrosis will resuls
from exposure for a period of thme varying with the coucentration of dust iu the
air breathed. ‘

Stimson" repurts the casc of an asbestos mill worker in South Afriea,
exposed for 12 months to a very dusty atmosphere, who died from a rapid
tubercutosis; scctions of the lungs showed, apart from the changes due to tuber-
culosis, a moderately marked libhrosis.  Burton Wood and D'age” report the
case of an ashestns spinner, employed 15 months, who died [rom a generalised
tuberculosis, B months after censing work. Tn this ease a little fbrous tissue
was generally to be scen surronnding the asbestos fibres found in the lung
tissne, Lnt thiere was ne gross fibrosis. It scems prebable, thevefore, althougfl
further resenrch is very necessary, that not only is a certain mininal quantity
of the dust required for the production of a «eneralised fibrosis, but that inhala-
tinm of the dust in Ligh concentration results in the preduction of a more marked
degree of fibrosis in u shorter time, than when the concentration is low.

Investization of this hmportant matter-—concentratinn of dus¢ and lengsth
of expnsure necessary to prodnee [ibposis—Erom the clinteal side is besct with
difficnltics, onc of the mest confusing being that the cxisience of r cliniczlly
recoguisable diffuxe fibrosis is quile mm[)rn'ﬂ_nle with eomtinned work in the
industry, amd, therefore, the cuzes of fibrosis discovered in such un investigation
ag this are in varives stages of the disease, with the result that the point at
which they frst brenne recognisable clinteally eannot be nscertained.

Tespite this. seme confirmation of the hypathesis that the length of ox-
posure ta asheilon dust pecessary 1o produce lihrosis varies inversely with 1he
concentration of the dust in the air, within certain low aml high lmits, may
be ohtqined. ; T

G703 - A
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Talde 6 shows the avermge age and fongth of caplovment of the cases of
Mbrosis in the groups of provesses previonsly dealt with (. 11),

Tamz .

Cases of Fibrosia.
I'rocess. - A ; b ot
veruge bruglh o
Average Age. lhuplaym:nt
1. Crushing, apening, disintegraiing, mixing ... 43t 1
2. Cnrding .. 390 13-2
3. Bpinuing, twisting, doubling, pluiting, &e. ... at+0 187
4. Mattress making ... 381 130
8. Wearing and asstcinted prosesses e e 435 12:7
6. Misrcllancous processés end  remainiug une 42°1 13-8
clngaificd workers:

Totals oo e e e o) 13-5

The much lenger avernge f:crind of employnent of the cases of fibrosis
in group 3 as compared with the other groups will be noted. = There is also
least exposnre to dust in group 3. It seems, therelore, t]mt: in this group a
longer period elapsed before the fibrosis developed, or that it progressed less
rapidly.

" Tkis is the more apparent if the incidehce rates of Rbrosis amengst worlkers
employed in the processes in group 3 are compared with the vorrespondling rates
for workers emploved in the more dusty processes comprised in groups 1, 2, 4, 5,
taken together. ‘Lhese rates are set ont in Table 7.

Taste 7.—Comparison between the Incidunce lates of Filworls amongst Workers
employed in Group 3 (less dusty processes) and the Fucidence Rates
amongst Workers employed in Groups 1, 2, 4, §, taken toqether (more
dusty processes). .

Yrans Exrisven.

04, 50, 10-14. | 15-19, 2¢ nnd over.
L N v i e

: el o4t g A A 21 St o4 < o2l ¢l =] 4| 3

Bl B ez 21 % ezt EI_% Bl st gz Ef 8lez

E)S3) 2T E)EE e | B2 IS 5T E3E|ET

5:’":3 ,53""‘3; E:&u glEA| FlE=12

: 1 Fru] E "uil E g Fr - P FEe] ¥

P TS SN SCHR P-ial P S SNC IR Aan PR T =Sl P T NS Pl P R

e
Per Par Per Per Per
) ) ceat. cent ceot, cent. eent,
Group3... ..|30| 0| —~|40| 2|[s-0;30| 2)e- v 11| 436-4] 6| 4807
Groups 1, 8, 4,5 | a7 | o] — o2 |31 faav!asisolisoo|14] gfor-2 12|11 |euas
(taken togothier).

Group 3 = Epinning, twisting, doubling, pinitiag, ete, |

Gnmpsll, 2,4,8 ? Fr\uhiu:.ﬂ:., cording, watiress making and weaving nnd_ assuciated processor.

" It will be seen that, after 5 years’ employment, the rates are consistently
mucl higher amongst those employed in the more dusty processes, and, whereas
the rate is high {rom about & years onwards in the mure dusty processes, it is
not umtil aboul the 15th yenr of empluymient is reached iu the less dusty processes
that the rate for the lutter hecomices high, and appreximates to that reached after
about B years’ employment in the mure dusty processes. . :

LExposure to different concentrations of dust, together with the effect of
the reeugnition of the eases of fibrosis in difivrent stages of the discass, also
efiord an exphmation of the widely difieriug lengths of employment of in-
dividual casex of fibrosis, which ranged from 5 years to over 30, While nn
definite case of fibresis elearly due to sshestos dust wax found amongst workers
with less than § years exposure, the possibility of sueh cases ccenrring with
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exposire 1o high concentrations of dust eannot be rulad unt. Thve crses were
found withy 3, 31 anal 4 yuars wark inashestos, respectively, bub incaen there
witg previous exposure Lo olher dests see p 10)

Support for this view is provided by (1) Prefessor Beattiv's experiments
previously mentioned, which demonsirsted that the lings of guinea-pigs ox-
pozel for 43 and 67 hours (o asbestos dust showed " dalinite cellofar pro-
lileration, thengh not very extensive, and this is certainly a preliniinary stage
in the production of fibrests ™3 (@) Simson’s case meslioned above, and s
reporl in the sume paper ou the lungs of a guinea-pig exposed by Mavrgordato
to asheslus dust for Y04 howrs during o peried ol 96 days.  On the death of
the avimal (from wruses olber than ashestosis) some 32 mouthis later, seotions
of the hitgs showed @ shight senevalised lihrosis.  Ta commenting on the amount
of fihrosis tound, he states that ™ a comparizon between the hinr eases and the
experimental animal shuwed that the fibrosis was more rapid and extensive in the
human cases than in the experimental animal,”™ and again ™ the amwount of
fibrosis in two of the human cases was quite rapid, and 1f due te the presence
of asbeslos dust, the initial rate of proctuction was rapid when cowrpared with
present day nou-inlective stlicosis on the Lawd ™) (3) data {rom uhis investi-
gation, in which 21 of the 863 workers showad signs snggestive of commencing
fibrosis. (p. 10).. Of these 12 had heew employed for less than 7 yeurs, and G,
for between 4 and 5 yoars,

To sum up, therefore, it apyears probable that concentration of dust and
length of exposure us factors in the praduciion of fihrosis are interdependent
within certain limits,  While it seems necessary for the produetion of generalized

* fihrosts of the lungs that u definite minimal quantity ol dust must be inhaled,
the Jower the concentration af dust in the aw breathed, the longer she lapse
of time before the fibrosis is fully developed, amd within a eertnin limit, the
higher the conceutration of dust, the sooner the librosis heeomes fully developed
and the more intense the involveent of the hung tissue.

IF this hypothesis is correvt, and the evidence points to it, the practical
inforences are of very great importance, since it follows that the application
of mensures resulting in the reduction of the concentration of dust i the air
in the neizhbourhood of dusty ashestos provesses will enunse, firstly a great in-
crease in the length of time before worlers develop n disabling fibrosis, and
secondly, the almost total disappearance of the disease, as the measures for

- the suppression of dusi are perfected.

Disablement produced by the Asbestos Fibrosis.—Regarding the amount
of disablement produced by the development of pulmonary fbrosis in asbestos
workers,—for a nunther of years this is surprisingly slight, even more so than
is generally the ensc in silosis. This is partly due to the charncter of the
discase, and partly to the nature of the work, which in the majority of these
processes does wol involve much physical exertion. The affected person may,
and often does, cantinue at work with oceasional intertnissions. latterly, duc to
exacerbations of bronchitis, until the condition is advanced, although fe suiTers
inereasing inconveniences from shortness of breath, on exertinn.  Some-
times a terminal broncho-pacumonia, or other acute infection, comnences while
still at work, and there is no long period of invalidism.

There is no doubt hut that fibrosis of the type produced by ashestos can of
itself lead to complele disablement’and to a fatal termination, and this in the
absenee of a superadded tuberculous infection.

. Larticulars have been collected up to the end of 1929 of 10 cases in which
an advinced degree of the asbestos fibrosis without tuberculosis was ihe
primary ¢ause of deatl. In 9, the cause of death was verified by post mortem
examination aml in the 10th. repeated clivieal, radislogiceal and sputmin ex-
aminations confirmed the dingnosiz, In an 11Lh case, post mortem examination
showed that 'a lohar puewmonii had supervened upon lungs alveady the seat
of n moderate deyree of the ashestos fbrosis.  With one exception, all these
deaths occurred in the years 1927-29.

The length of exposure to ashestos dust in these cases varied between 9 and

.- 2% years.
R 1 S : Y
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Iy is not smggestedd (hot these few Toalities, in which the eanse of death

B hieess versimd hy slriet c'nflllil'\‘. A By eriterion of The troe clicet of (T
Bisesese un the poetality sites of ashestos workers, Oiliers are boown W lave

aceurred in which the exislence of ihe ashestos lilwesis lits heen deternined in
life, Ineb o post inerter examinalion ls been possible,

Progress and Duvative of the isease —The rale of pragress ad durntion
of the diroase varies within wide fimiis.  With cantintied expusure to Livh
concentrations of dnst, the filrosis way he falfy developed in Trom 7 te 4 years,
amed may cause death alter about 13 vears exposure, exceptionally i shorter
perice. O the ather luupl, with exposure to less coneentratnns of dust. the
perind of matnratien of the fibrosi= may be extemled to 135, 20 or 23 yeirs.
There are delinite ndications, derived from the Imlostrial historvies apd ex-
amination of workers, that o diminntion in the eonceutration of dust in the
air breathed, either by change of cmplivment from a hichly dusty process to
one tess dusty, or the efiect of metheds tafsen fur the suppression of dust, results
in a prolongation of this periml of maturation of the fibwesis, exeept in the
lnte stages of the disease. While (his _i,s s0, the existence of a clinically re-
cognisable degree of the asbestos fibroxis in any individunal is an additional
adverse factor in the prospects af recevery from any aeule infeetion ol the
Jungs, such as pneamonia or broncho-pnewnonia.

Association of the Ashestos Fibrosis with Pulmonary Tuberculosis—As
previously mentiouctd (p. §), silicosis, tbe Rbrosis of the lumys duec to the
inhalation of free silica dust. has wn unhappy association with prlmenary
tuberenlosis, in that there is a mnels inceeased Bability to the supervention of
the latter disease amongst silicotics. It is of impartanee, therefore, both tram
the point of view of the individual worker, and in its hearing upun the seope
of t.{nc preventive measure required, to enquire whether there is a similor
linbility allached to the ashestos fibrosis.

It will be remembered that in this investigation the examination of warkers
was restricted (o those at work at the time of Lhe examivation, and, therefore,
a number of advanced cases of fbresis, and u nwmber of eases of pulmonary
tuborculosis—with or without an asbestos fibresis in addition—whe  hadl
cither given up work or who were off work temporarily, will have been
missed. Mnreover, the supervention of a tuberenlons infection on a lung already
the subject of fibrasis produces an inerease in syntploms, previously tnnnticed
or disreparded, and indnees the worker to seek medienl advice. e is then
appropriately advised to give up his dusty employment, mizrates from the in-
dustry, and may or nmy not acvept sanatorium treatment. :

Thus there tends to be a drift of such éases from the fibrasis proeducing
industry. In fact, during the course of the investigalion, infornwtion was
obtained of & uumber of persons, previously employed in asbestos, who were
either at home ar in sanatoria, sufiering from chest complaints, . .

Precise infornation as to the jucideuce of pulmonary tuberenlosis amonwst
asbestos workers cannot be obtained therefore, in he absence of periodical
meclical examinations in the industry, without prolonged enquiry involving the
search of the records of local sunatoria, tracing wuorkers known to have ceosed
worle in asbestos, and examinntion of «death certificates, nnd ol the sickuess
records of firms, where these are kept.

Nevertheless, with these reservations, the data ohtained in this investigntion
did not disclose any outstamding suscéptibility tn puimonary tuberculusis, either
amongst usbestos workers as a cliss, or amongst the cases of fibrosis.

Sumonery ='The outcome of this investigation is to establish the existence

of a definite ocvipational risk in the ashestos industes.  ‘This takes the farm of

o distinet tvpe of fibrasis of the lungs, resembling silicosic in its main diniea]
aspeets, bt differing From that disease in the mode of distribatinn of the
filrous tissue in the Inugs, in its rudiological Teatures, in the enhanced mate of
developument under average conditions in this country, and as far as the evidence
goes, 1n a lawer susceptibilily to the supervention of pubnonary tabercnlosis.
JThe asbestos fibresis resolts from the il "stion of ashestos duost, the
proximate canses being concentrttion of dust i 2o air breathed anid lenygth

* Tho tuelical unu radivlogical duwda oblained T this bve: nowill be publishad | sewhere,
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<! exposure to it. Thus the ineldeper rate s ighest i the mest du-y pro-
cesses and wonngst those lengest ampioyed. Age and sex have ne apjatent
indtuence on the production of tie disvase,

5.—TFactons DercrsuRing TirE PrEsENT HncoCskITION OF THE ASDES) 08
Fianrosis.

It is of interest tu consider wiy it is that this discase has anly recently
attracted notice and breame a prebiem in the industry, although asbesios wias
Lmown to, and worked by the anciculs.

Many facters contrie Lo this pusition, some dependent un the natwre of
the disease, some on the phenomenal expansion of the industry, others on the
advance of medienl science,

“While ashestos has heen known aud spaswodiczlly worked for hundreds of
years, it is ouly im the past 40 yeals or o that it Las been commercially exploited
to any extent.  Not only that, but it is [ess thasn 30 years since the great expan-
sion of the industry commnenced.  Even after a muber of years of steady expan-
sion, the industey is stilf comparatively small, and the workers employed in the
essentially dusty proccsses relatively fow,

~The insidious onsct nnd upobtrusive signs and symptoms of the disense in
its carliev rourse, its covert advance hy imperceptible stngee, its points of
resemblance latterly to fibroid tubercuiosis, with which ufection iy is semetimes

aseociated, and the migralion of those affected From the industry, have alt com- -

bined to delay its recognition as an entity, aud e ohscure the eausal agent.

Knowledpe of the eficets of speeific dusts upon the lungs has heen greatly
extended in the past 20 vears, but research las boen matnly concerned with the
more important and widespread rick associated with the dusts containing free
silica, and enquiry jule the effects of other dusts had to wait upon those investi-
gations.

R 6.—Pneventive MIasvrEs.

The necessary preventive meusures include, first, those directed specifically
towards the suppression and eontrol of the dust evolved ia twnnofacturing pro-
cesges, which are examined in Part 11 of this Report, and sceoudly, meisures
directed towards those employed in the industry.

These latter include the control of the disense by periodical medieal examina-
tion of the workers, by which those uniitted by heaith reasons ave preventod from
entering the industry, and cases of fibresis and pulonary tubereulosis are
detected nt the earlicst possible moment. The nltimate and only reliuble test
of the effectiveness of the preventive mensures adopted in the industry will be
found in the statisties derived frem the records of periodical medical examina-
tion of the workers. )

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

The protyetion allorded by respirators is only partial, and thefe is a real
danger that the use of them may give @ sense of false securisy,  Asbeston dust
floating in the air contnins a majerity of parlicles of the order 2us and under,
many being only 0.5u (yolus inch} in size, In practice, the discomiort
of constant wear, and difficulty in speech, ete., render workers verv
enwilling to use this form of protection for any length of time. Since.
howerer,” a high class respirator will trap a proportion of the Jarae par-
ticles which ean enter the Jung, thov cannot be snid fo be valueless, but can
only be recommended as a second line of defence, nnd not in substitution or
other preventive measnres specifieally directed to the control of dust as neur as
rossible to its point of origin.  Undor very exceptional cireumstances there mav
Lc scope for the nse of the elficient type of Lreathing apparains, comprising a
mask or hehnet with a long tnbe, enabling the wearer to breathe pure air from
a distance.

7.—Tne OutLoox.

From eonsideration of the nature of the processes in the ashestos industey,
and other relevant matters, it is ]t that the outhuk for preventive mensaros is
good. That is (o say thot in the space of a decirde, or therenbouts, the eficet of

n73d ) AN
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cnergetie applivation of proventive measeres should be apparent in a greal redue-
tion in the jucidense of fibrosis. o )

An fumedtate temporary rise in the ineidence rate iz prohable, due to the
seeumulated damage, partly @ lesacy of the war yeaes, but with the passing of
the peak, a steady Tall should cnsue. . )

Mueh generows assistanee bas been veceived frum many sourees during the
conrse of this investigation: these are gratelly acknowledged elsewhere.
Bpecial thanks are dne. however, to De. B, W. Twining of Manchester and 1ir.
N, ‘Futtersall of 3.oeds for their indispansahle expert assistanee in the elncielition
of the radiolerien! Toatures, to Dr. W. E, Cooke. Drofessnr M. J, Stewart, and
Dr. Roodlionze Clovne, whise resenvihes in the same field are well known, nnd
te De. I M. I Gricve for information frem an nppublished study of o group
of asbostog workers, .
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PART TII.

Processes Giving Risz To Dust axp Meraons FoR ITs SUPPRESSION.

" 1.—IxTHODUCTION.

The asbestos industry has developed greatly in vecent years and continucs
fo expand rapidly, mniniy becanse of thz demands of the mnotor, clectrieal,
engineering and buildibg industries, and of the increasing attcation now paid
to the insuintion of stenin plant to promote fuel econatny..

Asbestos prodocts meny, for convenience, be divided into seven mninin
groups :—
. Texztiles. .

{a} Yarn and cloth, .

v Non-T'extiles. :

(&) Miliboard. paper, ashestos-cement sheets, tiles, and other build-
ing materials, sheet matcrial of rbber or bituminous mixtures contain-
ing asbestos.

{¢) Tnsnlation materials and articles.

(@) Brake and clutch linings,

. {e) Packing and juintings,

(N Asbestos-covered  clectric  conductors—electrodes, cables and
wiring, enils for clectrie machinery.

(o) Fiscellancous, including moukded electrical and other fronds, nte,

Some factories make both  textile and  nonctevtily gonds.  Racnlled
* fiberized " asbestos, l.e., opened or broken-np miteria! in a fine Bock like
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contlition, 1 manipulated, memised with other psideviads, o large goantities in

' ¢ ~— the Facluries inclided in grenfis (), (i), ad o), and ta mueh =uler extent
R in osmine ot the alhier Yacturies ad workshops,
' . () Axbestos yiven i worven inty cudh For dnselation mattress voverings, i

suiating weappings, lltering maderiind, lire curtains, I'_u‘c-:-'lmsllu-rin;,' Dankets
and Bre-resisting clothing,  Narrower weven materiad s produeed Jor elting
for couvevors, brake linings amd dnsolating tape. Some asbustos cloth s
rubber-proefed for use in the manufacture of steam packings and Juintings.

Besides its main use Tor weaving, ashestos varn b hestided and plaited qor
nse ax packing, and also Tor insulating material,  Spocls of yarn are supplivd
to laslorics in which electric enble or clectrodes are made, and polished thread
for the cempletion of ingindescent mantles.

(1) Asbustos miillboard and paper are mavufactored. from polp containing
short fibre asbestos, by a wet wiethol, like ordinavy millboavd wnel paper.
Ashestos-coment shoets, tiles, gutters, pipes, ele,, for hnilding and stnilar pur-
puses are made Trom wet mixtures of Portland cement and short fibre ashestos.

{ A synihetic compnsition sheet is made from i rubber wixing, for use as jointing.
Bituminous mixings contaiming asbestos are wade for switehboard pauelling,
and other mixings lor floorings.

(¢} Imsnlation materinds nclude Rberized asbestos; ' magnesia,”” so-cailed
containing about 13 per vent. of fiberized asbestos and &5 per cent. of magnesia,
and other finely divided mixtires composed partly of fiberized ashostos, naed s
insulating coments or plastors; fiberized asbestos stifiencd into thick sheets, like
mals, for lining wtkheads ol ships: shaped sections and slabs, moulded from
fiberized ashestos or mixtures containing it, or built up of corrugated asbestes

aper so as 1¢ cnelose air cells; mattresses, mdde of asbesios cloth and filed with
Il1bcrir.cd ashestos, magnesin, or other filling,

(@) Brake and cluteh linings are chidly prepared from impregnated and
heat-lreated asbestos eloth, ot also from monlded asbestos materinl.

(/) Plaited and braided nshestos yarm, prooled asbestos cloth and com-
positinn_sheet ate used in making packings and jeintinegs,

() Flectrndes for welding woric are plaited with asbestos yarm or covered
with a paste containing asbestos.  Some electrie cable amd wiriny reguirec to
withstand heat are plaited with asbestos yarn; ficld coils for electric wachinery
may be wrapped with ashestos tape.

(g) Miscellunrons manulnctuved articles or products, conposed wholly er
partially of asbestos, include, in addition tn moulded clectrical and other gonds,
asbestos putty and powder, rubber hose plaited with asbestos yarn, and many
others. )

Apart from muuufactwe, cectain work is carried on in premises subject
- to the Factory amil Workshops Acts, as well as in other premises, which involves
; wse or manipulation of ashestos or products eontaining it.  The irsulating of
boilers, pipes. engines, and parts of ships is the most inmportant.  Much of this
work is done on board ship by contractors who empioy a cousidernble outdoor
stafl. . ’
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2.—PREMISES.

The factories aml workshops included in (a) to (g) number at least 160,
of which 18 ave textile factories, This total is based oun lists supplied by the
District Inspectors. [t does not include the nrge number of works where there
is incidental nse of ashestos pucking and jointing. asbestrs-covered electric cable,
ar other finished goods, required for’completing other manufactures,

There is only onc works in which the etmplovees concerned with ashestos
exceed 500, There ave many small premises in which but a fow employees. in
some cascs only one or two, are employed. A small * nshestos *' departinent

- is found iz a number of important factories.
Textile deparbments are wmally well housed in mwdern huildings. A few
of the older fextile factories hiave heen improved revently by the addition of
/ medern buildings.  In ane case a badly housed small enncern is in process of
removal to newly consteneted promises.
The nzbestos-veiment shuet fietories are madern premises of Jaroe floor avea,
Infty and spacious, int the main, single storey boildings.  The cable and slectrode
factories. are also mudern and generally saitalile,

More Asbestos Documents Available At
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Bome small weeks, more particalaely these engieoed inomliteg botler enne

' | . pnsiliu:ls, ate unsalisfoctory. A\ fow are mete openssided sheds, Sl prenises
e iliienlt o f"uril Vleun.
. : Some woilis are cowgested with plant and stocks of malerial. This may

resudt. Fromy inadeguate aceommadition ar a tengorare Balling-off in the demand,
huy the eficet on ceanliness i il The Just evolved ju manutacinring pro-
cesses 8 more dillicnlt fa control 3 (e premises are unsinitable, pactienbarly il
crowded with plant ar material, Cleaning is not easily avcomplished aud lie
dust is more concenteated.

Vewtifation ~="The arrangements provided Tor ventilating ashestos works
vary as in other industrics.  Duost remaval systems, whire nsed, efiect a measere
of geuerd ventilation, A number of werkrnons in fextile factorics are
vontilated v plenum systems, the air suppdy being warmed in winler.  Qver-
Hiead ex{racting propeller fans are but Jittle used now aml would be nnsuitable.
In one mattress naking romn extraction fans connected 1o favge overhend hoods
are used,  Fxtraction by downward displacement. the air being deawn through
openings in the flour, or near fleor level. has pot been met with, hat has heen
considercd for sonte weaving voomns.  This svstem, i designed of a capacity
sullicient to efieet a hich standard of general ventilation, would tend Lo redues
the dust in the meneral atmosphere ot hreathing level, and, with other salegnards,
be a passible alternative to Joealised exhanst ventilation. It could not he success-
ful without efficient heating, owing to the rapid change of air entailed.

Separation of Processes.—Tn many works several processes are carvied en in
the same room.  In the absence of cffective means of preventing escape of dust
into the air, many workers are subjected to a rigk from which they wanld ather-
wise he immuue, nr to a greater risk than that arising from their own worls,
In afew textile faclovies erushing and apening plants are placed close to spinning
and carding machines.  Spimung frames are installed close to looms and wet
and dry weaving are earried on close together,  In non-textile premizes there is
more effective separation of dusty worl and processes from non-tlusty.

RN

3.—DEscniPTION OF I’ROCESSES AND DPREVERTIVE MEASURES,

A complete wceount of manufacturing methods is not attempted.  Attention

is nainly directed to the dust.producing processes, a deseription of which, in

- bread outline, bas heen deemed necessary to make clear e etreumstances under
which exposire Lo dnst arises. and the charscler and object of the remedial
mensires alrcady in use or here recommended,

Somewhat impurtant changes arve on fool which, it is confidently hoped,
will "greatly reduce exposure o dust in certain hitherto dusty processes. On
the other Jiand, certain developments, e.g., speeding up of textile machinery,
and the increased vse of ashestos in various industries, may intensify the dust
problem, if adequate measures to deal with the dust are not taken.
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TEXTILES.
(a) Yarn and Gloth.

The manufacture of asbestos yarn and cloth procecds en tha whole Jike that
of other textiles, but there nre some important dificrences,  Fiberived and other
asbestos material is freely handled in varions operatiens, in  gathering
2 waste,”” and in cleaning. Exposure, in some degree, Lo asbestos dust, is
commen throughout il the factarics, but steps have Leen taken, extending over
many yenrs, o deal with dust produced at various points. though the necessary
degree of efficiency has, generally speaking, not been reached.  Exhanst ventila-
tion plants used in_the best-equipped ashestos factories for removing dust appear
to be as eflicient as those ised in other textile ndustries, and to have heen applivd
over a wider field.  As regarda other safemards against dust, e.g., subslitntion
of mechanical methads for handwork for leeding the machines wn preliminary
J ’ operatiens, efficient enclosnre of maclines, A vacuum methods of eleaning, little

. development hag heen made.

Opening.—Ashestos, suitable for varn, has usnally to be crnzhed, and in atl

cases ' opened 7T (" filerized ) below its rewdy for eardi: These prepara-
tory provesses are ofiveted by machine . bat entail mneh 1. ark. Ncparats
" ing {lo remove iven) and grading or st ollow crishing, ) recede opening,
Il
-~
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Material Tor yarn is aol asually treated in disiecreators, but in mest factories
these mackineacre uaed lor tiberizing waste asbestos varn, ete. Croshing
flattens ont and bhreaks ap the snineral without daisacime the Shees, 1t is aieom-
plished either ina Targe edye per, or o asiwail pannill of the mortay mising
type.  The material is emplivd upon the floor close to e machine, the contents
of several sarks srunetimes being spread on the Moo to obtain a rough * mising. ™
The ernshed material is either takea Fron the mackine Iy hand, ar discharged
throwgh a botton delivery slide, vavally filled into sacks or skips and, Q1 necessqiry,
weighed on a portable weighing wachine, A few edue runners diseharge upon
short inclinerl Tattives ane (he matevial Talls autonmlically inte the saek or ship.

Edge rouners give rise Lo dust of eonsideralde wmount where short fibre
is erushed; same are enclosed nnud have exhaust applicd.  This is always neces-
sary. I wills are not enclosed and also give rise to dust, though less in
amount.

andwork, e.xr., sack empiying and Glling, mixing, shovelling and feeding
machive pans ot fatlice foeds, gives rise to dost, sometimes of consileralle
amount, and is dene without exhaust,  Application of exhanst dranght would
be facititated if feeding were «one {rom 4 higher lovel so Lhat sacks might he
empticd under enclosed conditions, i.e. ina sack emptying apparatos.  Automatic
deltvery and reversible bagring lnttices elindaate dust produced i hand ftling
of sacks, but ruqnire Lo be ufﬁcinhL]_\' cuclosed with exhaust draught applied.

An open travelling band passing round an clectzo-magnet is used for
sepavating loose fron, the ashestos being delivered to an clevator.  Enclosed
apparatus shonld be adopted, _ .

Enclosed rotary sieves (rotaries) or long oscillating frame sioves are nsed for
roughly grading crushied materinl.  lotaries should be mechanfeally fed and the
asbestes collected nmuler enclosed conditions (ot always done) aad exhanst applicd
to the maciine enclosures, otherwise unneces=ary dust is created.  Some osclHat-
ing sicves are very open, the materinl leing allowed to falt on the floor, and beirg
filled into sacks Ly hand,  Very dusty conditions are then incvitable.  Lfiicient
enclastire with exhanst dransht applied amd, to aveid hand flling, autematic
delivery and bazging luttices, also enclosed and exhansted, as nsed in some eases,
are geterally practicable.

Crighton opencrs, encfosed contrifugal machines, are used for opening
erushed asbestos, preparalory to carding.  Carefnt miixing or Dlending of crushed
tnaterial is eliccted by spreading it evenly in layers on the floor over a considernble
arca—cotton may he added at this stage if required—aud when feeding, taking a
vertical cut through the mass.,  Admixture with a small proportivn of cotion may
also be achieved by hlowing it into the feed opening. The opened material is
delivered upon a lattice and collected cither in a Iarge container or in sacks,
automatie bagzing lattices being used in some ea=es,  Mechanienl feeding wnder
enclnsed comf'tions, with exhaust draught applied to feeding lattices or other
conveyors, should be adepted.  Land feeding gives rise to dust, from sack cmpty-
ing, s{lovclli!!g and particularly mixing on the foor. Mixing is a great Lindrance
to elimination of hand work: it is asserted that poor yarn resulls 1t it is not dime
and that machine mixing has been tried nnd gave fess satisfactory results. 1f
retained, it should be doue ai a higher level than the opener, under a laree
exhausted canopy and the mixture fed at a series of chutes, Delivery latticos
shoukl be well enclosed and exhaust applied, as now done in some cascs; otherwise
dust is evolved. .

Opened mateyial not regnired at once, may be stored in open bins in the
workroom, involving emptying and filling sacks or skips, which necessarily
canse dust.  This storage in bullk should be aveided; alternative arrangements
might be adopted which avoid dust.

Some material, e.g., long filre wnste from later processes, is apencd at
encluced latiice-fed teasers or willeys, not infregnently of primitive design, worn
out, and emitting much dust, notwithstanding that a fan is an integral part
of the machine. These eld miaclines should not be nsed Tor asbestos opening.
Dast may be emitted at Feed points ol modern machines, pasticaliely when the
feed is irregular, Exhanst is nevessary st the Teed lattiee for this renson anel
alse hecnnse Towding itsell ciruses dust. The material is either dizehs o] ajem
a lJattice for hunediate eollection, or blown info a chamber.  The standards
suggested for Crighton machines should Ie adapted.
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Hopper lattice oot are Tareely nsed widds opening nachines; the Toprper lips
are alwtl 3 ek G inehes shove Hoor Jevel, ducle dost s produced o shovel-
Feeding wa it 35 dillienlt Lo aveid sattoring at the ip. An enelosed Tartice, fed
ator just low dloor level,with focabised exhiust o ppliod (ot enclosire is mere
salisfaclory,

Single divintegrators, or bwa or three machines tn series are vseid For break.
e up textile or other nshestas waste, more r:m'_ly for npetting 1':'|l.~‘.hr'(lA :n:-l!c:-tos.
Present areangements for preliminary and sarting of waste are ulsati={nelory;
it should he actomplished wp = envered bench, suitably exbanstal. Whereas
some enses, the indraught nt the disintegrator feed npenings cansed by the rapid
rotation of the rotor ks not suflicient Lo remove dust, and beepnse. at any rate,
as soon as il is stopped, eseape of dust may resull from reversed air currents,
rxhaust should he applied Jere also.

Disintegruled matevial is Dlown into chambers, a blower Jan being in snme
eases conmeeled to the delivery of the machine to vreate a stronzer drawght. Ajr
pressure in the chanher is refieved in difiovent ways, the sides may he covered
with sacking, allowing much dust to eseape, a '‘ velie{ halloen "' couneeled, or
exhanst applied.  Chambers connected with disintegrating and teasing machines
vary in size, some are little more tian a large box. othees are mave roomy, - Sene,
but not all, are separated from the wotrkroam.  “Chey are entered for emptying,
the material heing filled iuto sacks or skips by hand after the machine is stopped
or the fiow of material diverted to annther chamber.  Work in chambers is very
dusty and ils elimination is most desbrable.  (Sce page 2G.)

Carding.—Caonsiderable developments have taken place in recent years..
One or two unportant new cardrooins have been started,  Mauy new achines,
ircluding seme of fureign construction, have been installed.

‘Fhe machines, of large overall dimensicns, are of the roller amd clearer
type. Modern cards are of high class construction and Lued with two dolier
cylinders supported on a carringe, which eun he rcked into or out of position.
For fine yarss, a breaker and a linisher, constituling a set, is used, comected by
lattives, fup diver from the former being automaticaily Ffed 1o the finisher card.
In cases where the siiver is collected in cans, a Derby doubler is used for propar-
ing laps for finisher cards.

Single machines and breaker carids are equipped with Lopper lattice feeds
supplied from skips or sacks, handluls being dropped in, and shalen apart as
fed, or the sack empticd inlo the hopper, The asbestos fulls intermittently wpon
a ereeper feed which couveys it to the *“ licker-in ' feed rollers, between which
point and the doffer the material is under enclased conditions.

The nwaterial is combed from the open doliers of finisher cards, as & web
or “* sheet ', the sheets from the two doffers usually being combined at a con-
denser, and the resulting sliver yarn wound into spools. Occasionally, combed
wob is collected withont being condensed, the condenser carringe being with-
drawn., In other cardiny, the sliver may be obtained as a lap, :

Admixture with entton is usually accomplished by earding the two materials
together, a cotton lap being monnted ahove the creeper feed, and te cotton fed
threugh the feed vollers with the ashestos. )

The cvolutien of dust at eards is inevitabie and a fine dust clond ray be
observed in most cardrooms,  Suppression of dust cannot be realised unless
machines are maintzined clean and m satisfactory vepair, and there is eficetive

‘enclosure of various parts.  Above all, localised exhanst must be applied at

well-defined points of dust cmission, and improved stripping arrangements pro-
vided. Wide spacing of machines is also desivable,

The upper parts of modern machines are usnallv provided with weil made
woaden_covers aml the lower parts are enclosed below in metal,  The frames
ure well enclased at the sides. A hivgerd metal eover, fitted in some enses, pre-
vents escape af dust produced by movenents of the feerd lattice. A curtain of
fabric is less satisTactary.  Tn older types. particenlarly, the wooden eovers may
not fit satislactorily, the eviimlers may not be trulv aligner with the frame and
other defects may aceminl Tor <ide eseape of Juat, not sontrallalle by exhaust,
Sach defects shonld be remedied.  Creeper Teeds, doflers and condensers and

meetine Fattiees hetween Drealer and fnisler cirds are not, enclosed, st
volved at dofier eatnbs and at ereeper feeds.
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Lovalised ealnst ventilatiog was fiest applicd o eanding nclines nsny
years agy. Methods and appioatus lave sinee boea gradually improved s
pre powerlul esbatist deannghis ave non pseds One Lavpe lir hare pelioved
muel soecess HF stiekiedising dodr prochioe as regards points of application
of exhmnst drarsli, design of air guides, size of branch doets Lo ar snldes ‘fmd
duct velwily,  Fxhaust is applicd at {u} the presser ol Use vreeper feed; (8) fecd
rollor at Ticker-in; e} top of vylinder: () wach doffer, air auides or Tonds buing
fitted ab Uiese points with cotecting lrarch ducts, Muif eemplingx, used on
branch pipes, Gacilitate easy dismantling.  Branch pipe sizes and dnet velocities
are libural, The jmprovement realised by appiying ponerini exhanst at eawh
of the points mentioneed, at w1l of which evaintion ol dust is imporiant, shows
that this practice should be folluwed generally wndd gives point Lo the view
expresserd by soie aecupiers that eanding can be carried on practically ust.free.
Apart frant the alene case, exhaust ix applied in nearly all wises to the evlinders;
in a moderale praportion to the ereeper feed: in a few, tn ane dolier-——the top.
and in one or two only, to the bottom deffer. But. apart from dist.emitting
points nat provided for, the results pay be inadegoate. Carding machines are
occasionally installed and put inde pse withant exhaust, this should never Le done.

Efiicient resulls ave not possible uniess the exhaust draught is applied as
closely uv possible to the dust-producing points.  Transverse air gnides, with
brancl: ducts connected at each end, are apparently more efticient than pyranidal
hoods nf the usual type. Duets of adequate diumeter and high duot veiovities
are cssential.

The ssual air guide for the cvlinder, provided 1o cliect removal of dust
both during carding. amd stripping and grinding (though proved inadequate
for stripping) is placed a Little above an opening in the crown of the cover. Two
branch duets, as above, and in addition a larrer central branch doet (for use
during strippingd wre connectedt to it,  The shallow space below the hack of
the anr waide is closed up during carding by a woorden hinged pieve-~thrown
back for stripping—and the dust produced at the eylinder is prevented from
escaping by flow of nie from the room, at the front. The dust-laden air is
withdrawn at the side duets.  Tn stripping, inflow of air cavrring some of the
stripping dust takes place feam belaw the Tifted cvliidder cover: the contral
branch dnet, kept closerd by o hlast gate during earding. is then fully opened
to provide a greater air valime.

In one factorv. a cireminr doffer cleaning brnsh tins continnouslv
above the doffer comb. A pvramidal exhaust leod is  provided. Dt
much dust escapes; vnless fully eflicient exhanst is devised an alternative to this
cleaning. if really necessary, shonld be fond.  The ealiection of eambhed web,
previonsly referred to. is done without exkaust and dust is produced.  Collection
might be effected by exhavst drmaught as applied for remeving side waste at
condensers.

Notwithstanding the use of covers for card Iattice fecds dusty conditions are
produced and exhaust dranght shanld be applied at this peint also,

 Stripping and Grinding.—Card " stripping ™' or cleaning it done when the
machine is opened out for grinding, which fallows cleaning and takes place at
each machine about ance a weelk. but sharter and loneer intorvals alsg ohtain.
In one important factery the twn processes are rombined in nne operation.  Rnller
&nd clearer cards must be apencd ant, i.e., the Inttiea feed and breast. and ean-
denser aned doffer carringes are drawn back, the evlinder covets are raised. and
the variovs small rallers, which are cleancd and ground at a specinl machine,
removed. The evlinder is first cleamed. with the doffzr enrringe drawn back:
the carringe is then replaced and the doflers, run at a greatdy increased speed,
cleaned in turn.  Cleaning takes nhant ten minutes and is nsuallv done in working
Kours, but in-one case. at least. after. The men press their ** strickles ' or fAnt
hand brushes about'12 inches lonz covered with eard clothing, against the wire-
covered surfaces.  Much of the debris is heavy and falls to the floor. Dust is
evolred in a dense clond, some being removed at the evlinder exhaust hood. Tn
one case floor openings, benpath the mackine, are conneeted to the exhanst.
Present oxhaust srrancements are altocether inadequate, partienlarle =o as
regards the hottom dofler. Much dust is therefare earried into the meneral
atmosphere of the ranm.  The cleaners wear reepiratars ar ** helmets.”
"" In a few cases, more effertive measares are taken. e.g.. the openec.ont
machine: is almast enlirely enclosed with high eanvas-coverved sereens. In ihe
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works where cleaning takes place after working honrs, o aextlinry exlust
system, wilh a hood fur the haitem doficr, is beawght into wse,

Grimiing which fakes weveral hours, is an avtomatie process liveted by
abeasive eoverell rollers deiven by the nachine.  The small amount of dust
prucduced s chielly of & metallic character,

Ta the factary where grinding sud cleaning are combined, the dofice exhaust
arrangements are fiest recconnected. Mueh less dust 1s evalviad and appears
to be dealt with mare efivetively,  This fem consider that losd strickling heiore
grinding should nol be allowgd,  Theiz methads may. however, not be generally
applicable. A little strickling may be necessary alter grinding to romove small
picces of débris,

The trade recagnise that present conditions are not satisfactory ol experi-
ments are heing made with the abject of developing improved applinnees.  Tn one
case a revobving brush is beiog tried, with independent exhiaust dravsht applied
by flexilde contiectinns; it is said (o give promise of success.  The hrush is
narrower than the hand strickle and Jess dust is evelved at a particular moment,
In another ease, a vacunm fitting is under consideration.  revious nse of vacuum
stripping was given np heeause of raphd erosion of the metal pipe bends and other
parts.  Unless effective-dust suppression s vealised for stripping, all worleers,
otlier than strippers, shoald be excluded while it is in progress and for some tine
alterwards, and the room wetl ventilisted.

The machine for eleaning and arinding the emaller rollers, which gives rise
to much dust, should be fitted with eficient exhanst arrangements—a straight-
forward watter—and as completely encloseil as practicable fo collect the lienvier
débris, precautions which are not always taken.  The machine is either instalied
in the earding room, or in a ronm adjnining.  Tudependent machines should Le
provided to deal with roflers of different Iengths, otherwise inconvenivnt ndjust-
ments, liabie to be neglected, have to be made.

Card Side Waste Treatment.—The irvegulae ' selvedue ' of carded fibre, |
separated at the two sides of the finishing eanl, being unsuitable for sliver yarn,
is removed by suction dranght to & ' side-end ©* maching, which prepares it for
further use.  The material is Blown upon perforated cylinders, the air e~eaping

. at the sido and the material being dischavged on the floor.  The proeess pradiees

dust, particularly when the feeding is irvegular, the air then having a {ree path
between the eylinders.  The material should be delivered wnder suction and not
under pressure, a ' pressure "' mnchine being unsuitable.

Spinaing and Doabling.—Yarn is spun at fver or ving frames which mny
carry up to 80 spindles, 40 on each side. ~ Much piccing is requived owing to (he
comparative weakuess of the fibre. A finc metal thread is spun with ashestos,

Afor brake linings and certain other purpeses. Mule spinning is not practised in

this country. A large amount of doubling is carried on.

Spinning, mere partienlarly ring spinning, gives rise to dust, continnousty
produeed 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 minute, and’

* intermittently, when the yarn breaks. Donbling is less dusty than spinning.

While the amount bears no comparisen with that produced in earding, and is iess
than that from dry wenving, the workera are eontinuously exposed to some dust,
more in some factories than in others, doubtless due to difierences in working

' methods ar materinle. Exhaust draught for ils removal has not been applied
. hitherto, but experiments in one factory have been so far successful that the firm
~are preparcd to equip all spinning and doubling frames with exhanst ventilation
* plant, embodying (i) exhaust ducts paraliel with the frames, above the tin vollers,

with shaped hoods at intervals, each to deal with a small group of spindles, and
{ii) for more effiective coneentration of the dranght, panelling for the ends and
lower parts of the frames beneath the spindles, capable of being easily remeved
when mnecessary. Snch safezuards may require somewhat wide application

‘unless special-general ventilation is provided.

Warping.—Warp heams are prepared in the usunt way fram ereeling frames,
8 small cvolution of dust oceurring at the frames and heaming machines;
localised exhanst ventilation could havdly be applied effectively. A partitioned.
off space, mechanically ventilated crosswise, with extraction at Jow el wonid
effect impravement, . - ) -
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Windima, —Many windivg machines are used, varving Trogn maleshile Lepes
of primitive constroction, ot which (e practioe may abtaan of holdinge the varn
i the hand, touodern universal winders Tor winling * ¢lieeses.” Dusb may
Le evolved Lo sdme extent, partivularly in connection with the abuove practive,
which ennfd Tue elinsinated,  Application of exhaust dringht will then prodadily
not b necessary, except jn particular eases,

Plaiting and Braidivg.—~-Plaiting and hraidig, also earvied on in engine
packing and eleetric cable Tactories, and done at nachines of pormal desian,
cruse some cvolution of dnst, excepd. where the yarn g dmpreganted wiliy
“prease”  While the amount of Just is smmclimes less (han in spinning, the
dillerchee is nnt matertal. Dot there is perhaps less exposire of the operative
under ordinary working condittons and precautionary measwres other than
localised exhaust ventilation may suflice.

Wenping.—Iooms vary greathy in size and general arrangement.  As many
as 140 looms may he feund in a single reom, bal this is exceptionnl.  The clear
space belween machines may not excepe 18 inches.  Eome Joeuns ave independently
driven by electric matars. "Cotton werp or weflt is sometimes nsedd,  Thin cloth,
{ur mattress covers, filters, clothing, ele., is wover from a single warp heam
at e simple fype of loan. DBelting looms, for thick belting and brake lining
material are complicaterd, several warp beames, areanged in tandem under the
inom, or in snme other convenient way, hetng requived.  These lonms are parrow,
but offen very long.  Tape lomms are alse narrow, nnless several tapes arg Woven
Logether when several shultles, in line, working in unison, are nsed. Cloth is
beined at the frant in the usnal way. but belting may be led under the Joom,
end coiled high above it, at the back. .

Most weaving is ' dry,” but some weaving is dane wet, either warp ot
weft, and opcasionally bolh heing wotted.  Wel weaving is accotaplished moare
casily and a eloser weave oblained, bt rusting of heald fittings, and the subse-

went drying entailed and the less satisfactory appearance of the material nre

isadvantazes.  Thoraughly dry fabrie is required for brake linings and rubher-
proofed malterial, and wet woven cloth may be strongly objected to on this
account.

Considerable evolution ol fine dust occurs in dry weaving ns a result of
(g} the forward movement of the slay in ' beating up,” this source being close
to Lhe aperative, (B} the repeated eontnets of the rising and [allirg warp threads
with their neighbours, this source being the most impertant from a quantitative
standpoint, {¢) the disturhance of  dust ” or ** lnft " on machine parts, especially
those in mation. A fine dust clond mav be observed behind the healds above the
warp threads. Much less dust is produced in wet weaving,.

Some ** dry " looms are now fitled with localised exhauwst usually applicd
to deal with dust evolved by both {4} and (B}, in sume cases (u) only.  (a) A Nat
hkorizontal *‘ hood " is fitted in front of the nperative, just abave the cloth, the
epening facing towards the healds: (1) cither an uprizht pyramidal hood, placed
transversely, or horizontnl flat hoods, one ou each side facing ench other, nrp
fitted close behind the healds, ‘The second arrangement is the mare eficctive
for narrow Inoms, as the “ scissors-lilie ” action of the warp threads appears
to displace most of the dust to the sides. The exhaust draught has effecicd
some improvement. but all Lthe dust is not removed, espeeially that produced by
(3). It may Le improcticable to apply the draught to all dust-procucing peints
beliind the bealds, partienlarly at long looms, hut greater success would have
been achicved with more powerful draught and larger air dispiacements, as is
now being recognised. -

" The methods described for dealing with tha dust ereated by (5) must be less
successfol at cloth looms of ordinary width. A few such Joows in one factory
have recently heen equipped with large " bonnet ' hoods, fitted transversely.
close down prer the machine. covering the slay, reed and healds.  The hoods are
of hemisphericnl section, with extensions over the shuttle baxes. An internal
electric light fRiting, and hinged sections, facilitate working. A powerful
dranght. suitably appiied. should prevent esenpe of dnst, generated witlrin,
In another case. experiment is said to have shown that a transverse inciined lood
facing the'operative, plaerd just helow the warp near the front of the lonm.
can be more cfiective for reducing dnst enncentration in the air hreathed, thau
present arragements, and the new dexign ie to he snbstitnted,
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Application of eflivient dnst remeval armasements to weaving is cleardy
dilienlt. TheTxpedient of instailine individual maehines oF smadl groups of
machines in suitaliy veniilated sall rooms or cubicles, as suggested winder
" Warpize T does nol appear to have been tried, bt micht be copsidered i
Incalised arvangements arn nel sailiciently effiective, Lone iaerow sheds, for
a single line of lnoms, ventilated as supzested, might e o possible alternative.

Cloth Pivliva, Eramining, Meesvrivg.—There aperations involve rusming
out the rolls of elath and tend to prodice a small amount of dust.  If earvefully

done, so that very litte dust is ereated, other precautions may be nnnecessary.

Now-Texrires.

Fiherized ashestos is nob uwsed i some of the non-lextile Tactories and
exposire to ashestos dust may be slight or even neglivible.  Dust s evolved iu
factories or departinents where such vaterial is prepared for sulsequent vse,
or for sale, ml also in departments where Aberized materinl ar dry mixtures
containizgg it ave manipulated in prefisinary manufacturing processes,  Again,
finishing pracesses, involving abrading or eitting ot high speed, may be a soures
of dust, but such dust may contnin onfy a smatl poreentage of asbestos. The -
application of exhanst dravght, wheee sumzesied in the following deseription
01[ processes, is in most cases a straightforward problem. comparahle with many
otliers mel with in non-textile facturies, e, woadworking awd grinding, where

machinery similar to that deseribed is weed.

Fiberizing or Opeaina.~—=Fiberizing is almnst exclnsively confined to worls
in groups () and (). Muck of the work is done nnder less supervision than
in textile factories and unsatisfuctory machinery is more common.  Primitive
teasers (" devils ") are used in severnl mattress-muking works, and chamber
work is also an wnsatisfactory feature (ree p. 22).

In sotne ashestos-cement sheet faclovies, crnshed miaterinl, from edue ruuners,
lalls into warin converors hetow, which transfer it antomatically to disiutegrators.
In one lurge works, the process is being entirely enclosed; the material from
the edge rmnners, whicl arc luttice-Ted, will be discharged npon a conveyvor and
raised by an elevator to Jarge overhiend storage hoppers, fitted with automatie
bageing Inttices.  Localised exhauwst deaught” will be applied at feeding and
delivery points, where dust inight eseape.

* Chambers have been eliminated in some large works, with beneficial results.

“The material, after being disintegrated or opened, is fan-haudied, apd hlown

to 2 hopper fitted with boltum rotary delivery valves. the air heing re-cirewlntel,
The material is bagged ut lattices.  Dircet supply to o manufacturing point is
annther improvement now being tried. SBuch puetnatic convevanece should be

. practicable in many cases. Localised exhanst at feeding and discharge points

of these systems 1s necessary.  Vacunm wmetheds for (illing sacks may afso be
practicable. :

If chambers are retained, the neceassity for entering them might be avaided,
hy providing chambers of small front to hack dimensions fitted with low donis,
at which sack filling would he done, localised exhanst ventilation being applied
uver the deors. ’

{(b) Millboard, Papzr, Sheets and Tiles.

The wet mixtures for millboard, paper, and ashestos-cement products are
prepared in a heater, as used in paper mills.  Dry fiberized ashestos is emptivd
mto the beater trough, the sacks being shaken lo some extent. Evolution of
dust oceurs hefore the materinl becomes mixed with the eirenlating water,  Ocra-
sionally a sack is empticd before the water is turned on.  Several sacks are
required for a charge and the process is repeated a number of times daily.
Trecantions ave nat taken ol present bot the dust might be avorded by
(m) mechanical feeding vider enclusad conditions, a3 appears to be done in some
toreign warks, (5) applyving exhons diaught, ) feeding in small gquantities
and 10 such a way that the material j= welted ot onee,

Finishing processes nn ashesios cement sheets inelude sawine to size, erd’ -
gating, pressing and deilling, envried on in same factaries with the mau
50 moist as to prevenl dust, and thiz practice should be adopted geners
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Opherwise el disb s producsd msawing, owing b the rapid cotting spoead,
aaud dovalised exhaust, is pecessry thouzh not applied, Spsilaciy, rening,
fiting and smoothing ol dry ashestos-coment pipes, at lathes, vay require exlisis
tn remove Lhe dust prodiced,

synthefic composition shecting, sometimes made o ralber departinent,
pe preoslieet Trome dongh congisting of filblerizvd ashostes sud roblwer, hixed \vuh
volvent o kneading nachines,  Dost is prdneed in Jeediog the mixer with
asbestog, done in 2w wpen wranner Dy hand, From sacks or <kips the sucks eing
shaken ont, or from an open futtice feed. Sobsequent processes are dust-free.
Exhaust should be applied at the Teeding point.

{c) Insulation Ilaterials and Articles.

Compoxitions.—-" Mugnesia,” the mest important insnlating conipesition,
ix prodnced ap @ large scale by the privctpal manuiscturers, by enclosed metheds
with pnannatie conveyance of the mixture to antonatic sack fillers. Weighing
and Teeding the fiberized nshesios gives rise to dust for which exhaust is
NOUCSSALY.

Tiberized nsbestus or * magnesia ™" is a component of many insulating com-
positions which may ulso contain clay, kiesclgubr, fossil meal, fax, hemp or
jute waste aud other muateriols.  The proportion of ashestus in the final product
Vurics widely. Iu many small works Lthe materials are mixed *“ dry,"" by hand,
in au open tanner, involving sack cmptying and filling, shovelling and weigh-
ing.  Iinclosed rotary wixers could appazently be used for such work with
exbaust applied at feeding points and the muterial discharged and bavged
under enclosed conditivns,  If hand work is retnined. exhaust shonld be apphicd.

Consolidited Sheets—I.arge sheels resamhling thick mats, built up of Iayers
of fiberized asbestos, are consolidated with silicale of soda, s#u'ayud on in munu-
facture.- ‘I'he sheats may be hacked on one Face with milthoard, or supplied
without a hacking, being faced when lixed with miflbourd or asbestos-coment
theets.

The sheets are produced of the required size and shapz at work benches,
or buill up on the table of a machine, capable of slow reciproeating mevement,
ad fed fronr a hnp{m- above. In tha {armer ease, the fiberizerd material is taken
in handfuls from skips und spread out in the fornis, the sarplus being serapol
away and falling abont at the sides of the work benches, and on the flonrs, a
considerable quantity being seattered,  Dust, produced in manipulating the dry
filwe, before treatment with tha silicate of soda, is largely avoided at the machine.
Eflicient loentised exhuust should be applied to the hand process with improved
bench arrangements, to prevent scattering.

Band sawing of piled sheets, causes evolution of much dvst, owing to the
ennsiderable clepﬁi al cut. Localiscd exhanst alone, not yet. applied, may prove
insufficient. .

Sections and Slabs. --Moulded insulation is made chiefly in two fornis, sec-
tinng-—semi-cylindricat and moulded hollow to snit varions pipe sizes—and slabs,
which are rectangular and solid.  These products are nsually monlded wet, either
by hawd or machinery, from a paste or cream, prepared in a mising mavhine
rr tank, JFeeding of Jry materinl iovolves crolution of dust which might be
averided by one of the methods suggesied for feading beaters in millloard making.

Sectlous are made at one factery by a dry pracess, at a machine indiRcrently
enchosed,  Feed hoppers, litled frum slkips, deliver the asbestos to internal Inttices
which in torn supply a teavelling band, at which the section is rolled by hand.
Bevilvine brushes which clear 1he lattice and spread the material evenly on
e drtnd give rise Lo much dust, and dust is produced at the happers, aml in
rolliner and benshing away superfluons material,  Fxhavst dranght, nat hitherta
Epplien, is o be provided at the exposed brush and the wmaeline is to be more
ficctively enclescd,  An enclosed *' Teed ' is alsn neCesAArY.

' The sections and slabs are timmed ta size with eirenlar o band saws.
"'"'h_ihm i praduced and exhaust deanght iy connnenly applicd, bt is 0 zome
feecieficient, Clrendnr saws nsed B0 osome eoses 30 paies, for eineing ends
Heane apmeration, can he filted witly exhaust honds alove and below the benches,
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and hand =aws cn be enclosed Telow thie taldes and inverted hosds fitted, the
exhast drmsehe betog appliod as o wondwarkinge machines, Elicient armge.
ments stovld he readily proctealde Tor all sawingg work here.

Matrresses. —Matlresses are wanulactured by practicatly all fivms wha
prodace insnlation reguisites, theugl anly ocvasionalty by seme.  Mattresses fov
argy contracts are made in the contrictors’ premizes, 1heir vntdoor stall taking
necossary messnrenients and proparine rongh plans, A maliress las sometines
to bg made on site,

Matlress making involves, Lroadly epenking, the wequence of processes
associzted witl the maling of domestie malivesses.  The work is alimost entirely
hand work, Lengths of ashestos eloth Lor eovers are cut out on o wide bench
and sewn up, hy treadle or power driven machines, to an extent depending on
the mcthad of Aifing.  Larze mallvesses may be sewn along one gide only or both
sides may be seamed and flling done Irom both ends.  Hevore lilling, vovers e
turned inside out.  Supplies of filling material, which wseally, but may not,
contain fiherized ashestos, are ronght. in sacks or skips, from chinbers, or taken
from apen hins, in Wb roem, kept supplied Sroin the chombers, or from sacks
of materizt snpplicd by outside frms.  Tilling is dons by hand, scoop or shovel,
and guantities may be weighed,  The end filling of long double-seimed jonttresses,
referred Lo above, necessitates the workmen monnting on the beuch to empiy the
material front sliips inte the openines.  After Bling, the mattress is levelled ar
beaten, to make the filling lie evenly within, the hand ar a flat wooden heater
being uredd.  Finishing processes include finad sewivyg, stubbivg or Luttoning,
fixing on hooks, ete,

Some dust is produced at the eutting out beneh. in opening ont the roll of
cloth, and at the sewing machine, but far more in taking material from bins or
sacles, in weighing, flling aud levelling,  Beating of the cloth proditees ashestos
dust, the amount of which is Taroely inereased if the Nllivng containg a<beztos.
The wosk is largely done withont regard to the necessity for suppressing dust.
All benrehies are entirely epen. Localised exhaust draughi is not applied.

One firm have improved conditions considerably by the lollowing pre-
cautions :—

{z) Keeping floors und benches damp and spravirg covers before
filling. TIlose councetions and spray fittings are pravided.

l(-‘Ib) Sub-division of department intn several independent workroms.

{c} Exclusion during filling of all workers not so employed, the
excluded worliers proceeding to another seetion. |

(&) Mechanical ventilation of cach ruemn by eross ventilation, embady-
ing plenum supply (warmed when necessary) at one side aud low level
extraction at the opposite side, the air heing changed between 10 and 20
times per heur. .

{¢) Enforccment of use, by fillers, of respiraters.

These preeantions do nat include application of loealired exhinust ventilating,
withont yhich mattress flling and beating must involve same risk of inlialatien
of dust.  For small mattresses, a wide double-sitled canopicd hench with exhaust
draught. applied at gratings along the centre line might. be nsed, the filling
material Leing snpplied within the eanop Euch a bench may not perhaps he
practicable for the making of large mattresses but the possibility should be
e::lp!crcéd. Otherwise at least the precautions referred to above should be
adopted.

(d) Brake and Clutch Linings.

Before being impregoated, the dry asbestos clotl, 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 operatiens but instfiieient to render spevial precmuthonary
measures heecessary,  Other preparatlory worl on * grey ' arises in the making
of speeial linings, Tengths af ¢loth are lightly hannuered to rine -7 ape, in

tempiates, then entowith chisel or shears and the radial vilzes rewn ton rautn
wire stHchimg machine, as wsed in book-binding, Thst oeenras in bang Candd
stitchine, A canapdad benely fitted with loenitaed exbamat avrngemein - A4 e

provided and the machine placed under exhawnst draught,
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Dry impre. sded maeteriad iz slaped and Anished maindy by powersdriven
maghines, egr b ves, cirenize and ghilinline, cultine presses, hvodendie squeesiog
presses and onssaws, Cntring and sewing expoee el of wive aned leave ronzh
edpes; trimting md smonthing, done on wrinding wheels and Tuishers, e
neeessaty to obitain exact size and Huish, AL the oporations, except sgueczing,
produce waste, aml dusy is created in some. The dust iz heavy and sticky ol
less likely to My abnat than vy ashestos dust,  The amonnt is considerabie at
sawing and grinding machines nad locafised exhaust dranght, to remove it, lag
been applied=—in some enses with mueh success—nnd is nhvars necessary.

Inverted hnods are Ntted at band saws, just helow the tables, the dust being
drawn through the small openings in the table quides. A powerful draught is
essential.

Grinding and finishing wheels inchule, in addition to urdinary single-lise
machines, two-dise and verlical spindic seemental erinders, need for flat linings,
The Loods by which the dranght is applicd to all thesc types are similar to those
applield to the sime machines when used for metal zrinding, The position is
similar as regards Hnishers, a hoad being fitted in line with and at the back of
the band. A ballle plate to prevent dust being carvied past the hood by the high
Jinear speed of the band is a necessary addition.

Special linings and anii-friction bushes are monlied from disintegrated
impregnated waste.  Some dust is created in_the Mlling of moulds and eflicient
localiscd exhawst dranghit may be necessary,  The articles are shaped and finished
as jnst described.  Drshes are tarned and bored in lathes, with production of
waste and dust, bul exhaust draught is not at present applied thongl possibly
necessaly.

(e} Packing and Jointings.

Engine packing is either () ** eloth ** packing built up from cloth, vsuaily
rubber proofed on both sides, handling ol whirh does not cause dust, and
(0) ™' rope ' packing made from yarn, at braiding and pliting machinery, us
nsed in textiio fnetories. (o) Neglivible awounts of dust may arise at the
spreading machine, from the unpronfed cloth, and, in building up, from materia!
proofed on one side only. (4} “ Cheeses ' of yarn ave lirst rewound on bobhing
for the bralding amel plaiting machines.  Simple winding mechaniuns ave used.
Some little dust is producea; special preventive measures will wsually not be
NeCRSSATY.

Tlat packing, known as *' gprummet,” is tnade, on a small seale, from aghestos
yarn, threaded on a needle and wound in and out by hand, as balls of wao! are
wound. This apparently insignificant process cawses sulficient dust to cover in 4
short time the hair and clothing of the workers and sheuld be done at a canopied

bench provided with localised exhaust arrajgements.

(t) Asbestos-covered Electric Conductors.

Electrodes.—Electrodes are either wrapped with yarn, the usual methed,
or passed through paste containing ashestos fibre, yarn being wrapped upon this
coating,  The former method is usually achieved by & suiall Tjigh speed stranding
machine fitted with a flier carrying the spools or bobbins of yarn, the wire
travelling axially through the flier, Treatment with consolidating liquid,
straightening and cutticg o length follow, all done at the stranding machine.
Alternatively, single electrades may be wrapped by a simple winding mechanisnr.
hand-operated or power-driven. Paste-covered clectrodes are alea made singly
at smgh extruding machines, a flier for fecding the yarn being fitted behind the
extruder.

After drying, a short length of the coveriug at oue end is gronnd awny.

leaving the Lare metal necessary for making electrical contact in the holder,

whent 1t use,  Smail abrasive wheels, almost entively enclosed, are used,

Small amounts of dust are projected from fliers, thowgh insnMvent preb-
ably to require the adoption of special precastions. Much dust is prodiced
in grinding ends and efficient exhaust ventilation is essential; present apparatus,
whero provided, is capable of improvement. The provess would Le nnvecessary
if bared ends were left inmannfactnre, and experimentz divected Lo this desiralde
end ave being made and give promise of sueccss.
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I’rcpnr':lf.r'r)’rprmt‘ v i1 paste naking inclnde () dey geinding of Glerizel
exleslos by swalf vert Jisa grinding wiwcls, ied at the el Jrun i hoppar
above and diwhazged Toom the peciphory ity o bos Lelow, sond () hind miizang
of the gronnd materials at a bendl, ivoleing empsying oue ol dey aaterial s
pans, BDust iy predoced, the ameant being consnlernbile in grindineg, Littdae
precaution s taken.  The provesses might e necoplishied ndder alost entively
enclosad eonditions, ellivient exbaust dvaught leing apphied "at peints where
dry material iy exposusl, e.g., in feeding.

Rewindiug of ywrn is somelimes neeessary and: primilive avrangements nay
be used, the practice referred toon page 24 heing followed, axd as a vonsiderable
amount of dust is prodoced, the practice should be given up,

Cable and Wiring.——Ashestos-covered calie and wiring mnstivite a small
percentage of the sutput of the eable Taetories.  The yarn is braided and plaited
oh the conduvetors at machines, not rescrved for ** asbestos * prodwcls, similare
to those previeusly deserilsed, Rewinding of *° cheeses, ™ as reecived from aslestos
textile fuctories, is done at unjversal winding machines.  The amount of dust
evolved is small, and spucial precautionavy measures ave appareutly not requived,

Field-coil Wrappiag.—TField coils Tor electrical machinery are wound with
asbestos tape by hand at ordinary worl benches.  The process does nut give
rise to appreciable quantities of dust.

(g} Ilisgellaneous.

Moulded Goods.—Rome electrical insulating fittings are moulded {vem
varnish-impregnated fiberized ashestos, prepared after thoreugh drying in a
mixer aud ground in an edge runncr. Alternatively, impregnated serap, ground
in a runbier, may be used.” The prepuralory processes on cfry or practically dry
saterial are intermittent, and wvolve savk emptying, shovelling, weighing,
filling and emptyivy shallow trays, They are curried on in an open menaner
without special precautions except that as regards grinding, hanging cm
may be nsed at the edoe rumier, aud the serap rambler is enclased. ™ st is
cvoived in the processes mentioned and loealised eslhianst ventilation shonld he
applied o cflect its removal, with, in addition, efiective enclosuve of some hand
work, e.g., emptying of trays inte machines conld be douc inside a cabineg
rovided with internal arrangements for securinyg the trays and an external
Laudlc for turning them over. Loealised exhuust may be uceessary for final
trimming if done at abrading wheels.

Moulded articles made in other trades may coutain bul o small proportion
of asbestos, although e large quantity may be wsel.  In one cusc the asbestos
is sicved after drving, both operations beimg done in enclosed machines, aud,
in addition, dry mixing, done in retory machines. and paste mixing, on open
rolls, as in rubber works, are also reguired. Frocesses earricd on with some
risk of exposure lo dust include emplying of sacks into bins, filling of trays
for drying, feeding at the sieve clevator hoppers, the -drv mixer. and the rolls.
Localised exhaust is applied at (a) the elevator hopper, (5) the storage chuniler
ahove an intermediate bagging point, () the dry mixer, and () the rolls.  AMore
efficient arrangements appenr to be desirable for (i) 2nd {): the feerling of the
elevator might be done under enclosed conditions il o cabivet as mentioned above
were provided into which the trays could be inserted.  Loenlised exhanst is
necessary nt storage bins.  Final trimming of rough edges is done under eilicient
exhnust draught. oo

Otler processes of comparatively nuinor importance. e.r., asbestos putty
mixing, in which there is handing and feeding af dry material in preparatory
processes, will eall for precautions as previously deseribed for similar work.

i 4. —SAcKs.

"'In a few cases sacks of saileloth or other closelv woven material are used
inside the factories.  Such sacks are nmeh to be preferred to these made of the
erdinary materinl, which is © leaky * and gives rise to dust in handling,

5 —Creanixe oF WoRrxs, Macninrry AND SAcks.
" Some faclories are kept in a more cleanly state than others, but higher

" standards and Wnproved methods are desirable seneeally. Weekly elenning liy

dry metliods is genernl in textile Tactories, hut ix ware elfectively done i zeme
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vases than in others,  Casnal cleantng may also e dome during the week.  The
dust which gabhers in a weel renders cleanipg o very dusty operatien. Yeunrg
workers may be seen on cording machines Lpushing disl ante the air fron the
covers, ete., in considerable amount, neor ether workers,  Fane frms lave
instituted more Trequent re;ular cleanings and were satisfictory methods Ly
damping belore sweeping.

Vacnum clexntng methods have nol been adapled and such methards seent
to be regavded as impruacticable, but 1his ean havdly he accopied.  Portable
vacuin sets are constantly used with creat wdvantzeze i other clisses of works,
e.g., cleciric eable factories, by adull cleancrs who keep the wachines, plunt,
service pipes, ele., thorounghly clean,

If vacnum incthods are nnt adopted. well argauised daily cleaning, by adults,
using damp methads for foor cleaning. should be the rule in teitile factories.
A water supply with suitable hose and spray corucctions should be provided.

D&bris produced in asbestos-cement sheet works under meoist conditions may
heeome dry and eause general dusty ennditions.  Cleaning should be so frequently
done as to prevent this.

The cleaning under nmehines suceh as looms awt!' eards entails collecting
waste of considerahle value, done at present by hand,  Vacuum eollection shantd
be possible @ in principle, it is already nsed for remaving side waste at finishing
eards.  The seund principle of eollecting eard waste, through flonr openinee.
has heen adopted in ene new faetory, and might be followed in others, with
automatic collecting areangements,

Sack cleaning is done in a few largd works in enclosed machines, invalving
some risk of exposure to dust in filling and emptying, notwithstanding (he
provision af localised exhaust ventilaticn. A type of “ exhausted " machine
which does not involve such werk is (o be preferred, ’

6.—Suanrany AXD NFROMMENDATIGNS,

Asbestos factories and workshops cover a greal varicty of processes. The
premises differ widely in stroctural featnres and are eongested jn many cises
with machinery or material. Trocesses ave largely carried nn in ciose nssociation.

"' Dust ig produced at many kinds of machines, in hand process worlk, and in
slml‘:h incidental oL)erat:ons. particularly in emptying settling chambers, and in
all handling of ** fiberized ™ asbestos. .

In textile factorics, pure nshestos dust is continnously produced, in difiering
amounts, at all the principal machines.  Card stripping, a very dusty operation,
is usually effected hy hand strickles, JIand mising of difierent “grades and
varieties, ineidental to opening provesses, is also dusty.

In non-textile factaries, pure asbestos dust is produeed at apening mackines,
in feeding machines, in making jnsulating mattresses {a dusty hand process), and
in incidental hand work. Dusi, though rarely pure asbestos, is produced in
finishing operations, e.g., sawing, grinding and other abrading of asbestos
products.

"The apprapriate methods for suppression of dust may only be fully dueter-
mined when the harnful efiects of campavatively low eoncentralions of ashestos
dust are dnly appreciated.  Very dusty processes will nat fail to he recognised,
but in procesees such as spinning and weaving, in which in other testile trades
special methods for dust eontrol are not requirerd. due preeantions are alzo neces-
sary, The ashestos manulueturers are clearly confronted with the necessity of
attaining conditions in their indnustry which will enstnee mueh less dust in” the
atmosphere than can salely be tolerated in miany comparable trades not using
asbestos. ‘ - .

* The principa! metheds for the rontral of dust are i—
-7 (a) application of exhanst dranght at dust-praducing paints:
{} substitntion ol enclosed mechanical melhiods for hand ennvevanee,
and for dusty hand work srneraliv: ‘ C
{¢) cflective envlasure of dust-pradocing machives and plant;
« o (d) substitution of wet methods for dry,

—— e
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- FEach ﬂr_ihﬁr‘ lirs its partiendar sphere of utitite, and the partienlie indiva-
tions Tor their ndagtion are pud forwand infer adia in the recomendations helow,

RECOIINICNDALTOUS,

(1) Application of Efficient Lozalised Dxhoust Venlilation at dust-producing
points,

This mensure, of the greatest impartanee where nmnulacturing and ineidental
provuesics occusion escape of dist nob coutrolied by enclosure or other measures,
i5 necesaary for foew

(7} Dust-producing muchinss, e, —

(i} Crushing, disintegrating, teasing and  other opening
machines; sieving machines; fibve yrinding machines; dey mixing
machites; rolls fed with dry mixings.

(i) Carding machines {lo soppress dust from cylinder and
doflers, coused by stripping and grinding, in addition to that pro-
duced by ecarding); enrd side waste exhaust machines; looms for
dey weavings stripping and grinding machives, other textile
machines, if the dust evolved renders this preventive measure
necessary.

{ii) Sawing, grinding, trimning, polishing and other alrading
mathines, used on dry ashestos products.

(8} Feeding and delivery [attices, or other conveyors, at machines or
other plant; feed hoppers at elevators; bagging lattices; feeding of dry
material at wet mixing machires. ]

{¢) Chambers, containers, ** cyclane ™ hoppers, ar other enclosad space
iuto which fiberized asbestos or mistures coutaining it are delivered, or
pass. .

(@) Work lLenehes, e.g. for mattress maling, waste sorting.

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

This is the principal mensure hitherto adopted, and is probably that most
generally applicable. It has been applied to some only of the above machines,
and nppliances, but not to hand woark. The methods of applying the exhanst
draught, and other associated faclors, are becoming more eficctive, but there
are few fully satisfactory plants. Special difficultics remain to be overcoue in
some cases, e.g., jooms, mixing, mattress making, If not swrmounted, an
alternative, viz., general ventilation of a high stundard applied so as to draw the
dust-laden air away from the worker, shasld be provided.

(%) Substitution of enclosed mechanical methods for hand conveyancs, and for
- dusty hand work generally,

" This measure—

- {a) avoids depositing materizl in chambers, intermediate filling and
emptying of sacks or skips, hind feeding of machines, and other incidental
hand work;

{B) pernits of final filling and weighing, under the least dusty con-
ditions, of materials for dispatch;
. (¢) renders exhawst dranght more cffective, or, in some cases,
unnecessAry. .
It is alrcady emploved to some extent, and its further application, wherever
possible, is greatly to be desired.

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

{a) To jn-cvcnf. escape f dust not controtled hy exiust dranght, ar
(1) to render its.applieation more eflicient.
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(£) Substitution of wel melheds for dry.

To reduce the dust wiven off in cortain processes and work, e.g.,

(m) o considerable anount of weaving,

(b} matiress mahinge. by wetting the covers hefore filling, and by frequent
wetting of flnors and henches;

{e) final suwing, and other machine processes, in asbestos-cement sheet and
Lile [acturies, befure the prepared material las hod time Lo dry s

() works' cleaning, hy damping floors and hencles, lefore brashing or
sweeping,

This measure might be adopied to a greater extent than at present.

(5) Elimination of certain dust-producing aprliznees.

Certain applinnees are used in a few works, somctimes with a measnre of
precaution, but which emit much dust, difficult e hapessilie to control by efiicient
enclosure or exhaust draught. ‘They should not be relained unless clicctively
eodified.

{7} exposed dolfer hrush at crrding machines;

(b) card side wasle exhaust machines, delivering under pressure;

() ecrtain willeys and teasers, particularly old machines,

{8} Abandonment of Settling Cliambers in ZIanufacturing Frocesses, to the
’ utmost extent.

{7) Eleclual separation of processes to prevent nnnecessary exposure to dust.

New factories shonld be laid out so as to aveid exposing workers (o risk
from processes upon which they are not engaged.  In particolar, there should
be effectual separation of—

_ {a) opening, carding and weaving, frem each other, and from amy
other process;
(b} spinming, doubling, pliting and similar processes, from work
not causing dist; .
() matiress making, from all other weork;
(@) chambers, containing fiberized ashestos in hulk, and dust settling
chambers and apparatus, from any workroom.

The scparation of mattress making should he ndopt&l in existing works,
angd other separation referred to, as fur as practicable.

(8) Wids spacing of dust-producing machines in new factories and, as far as
practicable, in exisling worls.

This measure would hring alout permanent reductinn of dnst concentration
in the air of the workroom as a whole, and provide improved cleaning facilities.

(9} Use of sacks of close texture material for interral work.
{10) Eiflcient cleaning system with wide uso of vacunm methods, (Sece also (4))
{11) Storage of asbostos and other goods to be outside workrooms,

(12) Dxclusion of young persons from spaeially dusty work.

Naote —-Particolar preventive moosures of g med:  aatnre == referred to dn
Part I, wlhere also the limited valoe of respirators o reguare ¢ this fndustry
15 briefly discussed,
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Rork vt ExpausT VENTILATION I8 ARussTos Weollkis.

o Bome exlaust plants are carebully desigeed wnl pasenaldy elficient,
some are ilbdesizned amd ineilicient; others, aain, do ol clicel temeval of drst
to a safiicicnl estent. The drmeght ney ool b appliod as closely as possible w
the dust-pnedacing points, or may be oo weak,  Fle cnission o o visible dus
aluud at a point where exbanst is applicd is 2 clear indication of inaderpacy.

Ixtensive allerations of cxistin;_: |l|;1|ll_~a may ]1l'n|]n|-|,l seriuus Josy of ellivieney,
Exhousl provisian Tor new machinery aud proceszes should, therelfore, ganersily
speaking. be made judeperlently.  While advantages result frem denling with
many dust-producing peints, by a single exhaust plant, a nunlier o self-cranained
plants, with indepenedent Tung and settling apparatus, is olten more cifentive,

Exhaust venlilation applied on a large seale entnils cemtinuons remaval of
a consiterahic volnme of air from the roow, "The sapply of Cresh air nwst be
ample av he cfficieney of the exbaust ventilation may be reduged,  Tn wieler,
the workers are Dable to being about this result by dlosing windows and doors.
Plenum ventilution capahle of supplyving the velume extracicd, the incowning
air being wared, may therefore be desivable, wlere extensive exhaust plants
are instalted.

Eficivney of an exhangt ventilation plant may be greatly reduced by in
cflicient dust-settling methods,  Each fan should discharge into an independent
settler.  Solilors adopted in asbestus works include evclones, laree chamlors
connected with cyclunss, large chambers enclosel with sackiz or other filtering
materizl, und bag filters.  Cyclones and chambers are usanlly well sepavated
from workrooms. ~ Iag filters ave now being commonly adopted, for smnll instal-
Iations. These fillers and ** balloons '’ are sometimes placed inside workvoon:s,
a bad practice. They are hest placed in freely vewntilated rooms, effectively
separated Nom workrooms. )

Filtering fabries for settling dnst gradlually become clogped; and as this
effect inerenres the exhavst plant beemues more and mwre ineflicient, the volie
of air moved hy the fan boing reduced.  Such settlers wnst {hevefore be kopt
clean.  The usual practice is to heat the filteribg materinl.  Arrangements for
shaking bags from outside, or automalic shaking apparalus are not provided,
Asbestos dust does not appeat o be so diffienlt o detach from mitabde filtering
matarial os some dusts, but much dust 1s produced in beating,  Eileient shakine
arrnngements, avoiding this exposure, shonkd be provided i this inethod of
settling is retaimed. Some fins strongly support the view that it should be
given up beennse of the diienIty of maintaining the exhaust plant at the highest
oficieney.  The matter merits carefol consideration. In rarticu‘mr, the
efliciency of the exhioust plant 'should be kept under constant observation by a
responsible person.

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

L. R. A. MEREWETHER.
CHAS. W. PRICE.

14th March, 1030,





