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Ths Rizht Toun. J. R. Crywzs, M.I.,
His Majosty’s Sceretary of Stats
for the Homo Departmeut.

Hous Ol'l:lcl,
17¢A AMarcA, 1030.

Six, : . .
I submit herewith a Report by Dr. E. R. A. Merewether and Mr. €. W.
Prics on their inquiries into ths haalth conditioas of the asbestss industry. Dr.
Merewscther's -investigations on the medical side ars of scientific valus.
They establish the facts that the inhalation of asixstos dust over a period of
years results in the development of a serious type of fibrosis of the lungs, that
the development of the dissase varics in direct proportion to the length of the

- exposure to dust, and that susceptibility to the disease is not aflectad either by

age or sex. .

The remedy for these conditious is to be found, as in the case of so many
industrial diseases, in the suppression of dust. Ths second part of the Report
indicates that this poiut has only reccntly oeen appreciated. In the nom-textile
section of the industry, no serious dificulties ariss as the application

_ of exhxmrd ventilation.” For the textile section, it is evident that a good deal-
of experitaental work will have to be carried out before completely successful

ventilating appliances are evolved effectively to removs all the dust.

I h.lﬂl the honour to be,
Sir,
Yoar obedieat Serrast, .
GERALD BELLEOUSE,
ELM. Chief Inspector of Factories.
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.. Report on Eﬂecté of Asbestos Dust on the Lﬁngs-and
Dust -Suppressien in. the Asbeslos Industry.

PARTI.

* THE OCCURRENCE 'OF PULMONARY FIBROSIS AND OTHER
PULMONARY AFFECTIONS IN ASBESTOS WORKERS. .

. 1.—DtRODUOCTION.

This Report is based upon the data obtaised in an extensive investigation
during the years 1928 and 1929. The inquiry was initiated by ths Factory
Dupartment of the Homé Offics following the diwovery in February, 1078, uf a
case of non-tabercular fibrosis of the lungs in an asbestos worksr, of sufficient
saverity to necesxitate treatment in hospital (Seiler’s Case’).

I'rior to this, this Departmeat bad knowledye of anly two deaths of asbestos
workars, aboat whom thers twas expert opinion that the inhalation of asbes:os
dnst had at least contributed to, if ot caused, the fatal outcorms. Ths first of

“thess, now raferrod to as the * Montague Murray Case,’’ occurred in 1900,
but all that is known coacersing it is contained in tho evidence given by Dr.
Montague Murray in 190G, before the Departmental Committes on Compensation
for lndustrial Nisesses’. In this case post mortem exantination confirmed the
clinical diagnosis of extensive non-tubercular pulmonary fibrosis. The snnd
(Cocks's Case’) occurred in 1924¢. Hare, although Cooks® and Stuart McDonalg?
were of the opinioo that the lungy showed a gmgnsiru dust fbrosis together

w With & chronic tuberculous infection, the etiological relationship between the
-inhalaticn of asbestos dust and fibrosis of the lungs would have been strengthencd
- by the absence of a tuberculous infecticn.

An esrly sur-cy of the industry in 1010-11 by the Department did not dis-
ch.uym’&ac ?fthcqimaenofauripuzalthhmrd in the industry,

. but some ts oo animais conducted in 1912 by Professor J. )L Besttie
of Sheflield Univarsity for the Department showed that the inhalation of asbestes
dust will cause & mild degres of Bbrosis.

When, thereiore, igvestigution of Seiler’s Case showed that other industrial
and infective causes of fbrosis could be definitely excluded, the necessity of

. deciding whether ths supervention of this disease in an asbestos worker was an
exceptional occurrencs, or evidence of a grave bealth risk in the industry, was
apparent and the investigation referred to was uadertaken..

2. —~Errzcrs or Innrrant Dusr Urox Tz Luncs.

The most important local effects which may follow the inhalation of dust
inclwle pulmonary and bremchial eatarrh, mgnn, bronchitis, fbrosis of the
- lungs, and secondary dmn'h&u. such as emphysema, local or diffuse. Thesc
changes in tha lungs, _may be locked upon as a measurs of the efforts of
the living tissoes to repel or incarcerate the irritant particles of dust, necessarily
caute interference with tha general efficioucy of the lungs. The impairment of
functional eameq’._!ny be slight or severs, and temporary or permanent, re-
pending on the variety of dust, and on other factors, snch as cancestration
of dust and len-th of espomure.

. . Morcorer individuals whose lungs hare beea affecterd as the nmilt of the
inhalation of wme dumts, show an incrensed susceplibility to the supervention
of respiratory infections, such as tuberculosis or pueumonia. -

Fibrosis of the lumss is reengninedd 1o be the most important lesicn caused
by the inhalation of dust, and the prw: -uesy of workers \\!iu: a dusg gl‘min to
be affxted lith pulmonary tuberenlosis has been shown to be the main «aune
of the incrased umsrtality rate from the Intter dinmse in «ertain dusty ccenpa-

s : A3
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' Thia trind—cxpasure to dust, Ghrusis of the lungs, and high mortality ratc

« from pulmonary tuberculosis—=was foucd to be common to u musber of lat e

and important industrics, and in all of them tho dust incriminated was. five
crystalling siliea (Si0,). ° Lo . B
Thess featurcs wers not observed, however, in other industries in which,
whils tlicre was exposure (o siliceous dust, the silica was found to exist in the
cambined form as a silicate and not in the fres condition. .

Thus, shortly, fres silica came to be regarded as the pre-eminent cause
of industrial fibrosis of the Inngs and as a uotable factor in the production
of tho excess mortality rats from pulmouary tuberculosis in certain industrics.

Whilst the pulmonary fbrosis uced by {ree silica (Silicosis) has been,
and is being, mioutely inra:ipumc poaymializia. as fibrosis producers,
of dust other than free silica have not been fully explored, although it a&par:
artain&hs&moothuino_rggic.dman. and some cannot, produce fibrosis
undsr the conditions mst with in industry.

m;miou,mfanl.dqmolwmhg?duad r some
of these other dusts bas not beea gensrally appreciated, al ugh&:imin
a thoughtful papsr* has drawn attention to this point, in reporting a fatal cnse
of pulmonary fibrosis caused by dust of an ortbociase basalt containing zo f-e

Ths Nature of 4sbestos.—The fibrous minersls commaercially known -a

" asbestos fall into the istter group, the silica being combined with metallic bascs,
" wainly magnesium or iren and, o a less axtent calcium, sodium or aluminium.

Tbe tarm 15 & collective name applied to & varisty of silicate minerals which
differ from each othsr in chemical composition and physical propertiss but
mbhmmthcrinﬂpcﬁn_glzﬁbmumnpd xibility. Their value
depends on the facility with they can be split up into lang and flexible
fibres for spinning and mvm& on mu”%mdto ¢ and ac‘j_ds, and o:;
their insulating erties with respect and electricity. Varieties o
Mpwalmchnnauhﬁahm;m. o '

Practically speaking, all that under the name asbestos in commerce is
sither fibrous sirpcn:xu, ora ﬂgmugsw mineral of the harnblende group, of which
ths wost important ars crocidalits, amosits and tremolite. Serpentine asbestcs
or chrysotils is essentially s hydrated silicate of magnesium, containing little
iros and practically no calcium. Tho bornblends varisties contain less mag-
pesium an< usually more caleium, aluminium and iron-—crocidalite and amesits
being maiuy silicates of iron. . B

$.—Scors or =z InvesTicaTION.

Asbestos is very largely used in indastry, b:ﬁ an important constituent
. [ industries codcsrned made it
that some restriction of the field of investigation should | decided

Ths masufacturing processes affected fall more or less sharpl inzo.m
groups (1) those in which there is exposure to pure asbestos or . mise:l
with a very small percentage of cotton or otber table fibre, and (2) those
in which thers is exposurs (o 2 mixture of dusts, of which asbestos is but one.

" The former comprises, in the main, the textile branch of the industry
a branch mnprmng mﬁng materials from pmaiallyopun ma.fbsm:
and some prelin: :ury processes in other branches. _

The Inutee group includes o number of processes in which the proportion

of asix=i+» iz, the dust eveived ranges from a negligible quantity upwsrds.

Siner i. is impousible to ev.iluate the offect on the lungs of mixed dusis, of

" which a.d.stos dust is only ons comnoacat, witil the action of asbestos duss itsel!

was detcrniined, the examination of wurkers for tin purpese of this enquiry
was restricterd to workers employed in procewes includesd in group (1), in othier
word'mu. ]t.n u:'nrkcm an ﬁmrlyau ;n?ihle exprwed to the inﬂuc&c: of pure asbuston
‘ urtheenmre, Lhw effects of peevious ox re tn ather jrritant <l

mich an Lt aF free silicn, had o bo excluded, | Hsths

- — e cm——
so.e P R X e wmw =
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The Plopalation at Risk.—The gross number of workers who may be

to the inhalation of asbestos dust to any extent is upkuown, and, owing

to the great viu'is:t’.‘{v of proccwmcy concerned, thers ars inmuperuble difliculties in

aseertaining this Nor, in fact, would enligitemucnt on this poiunt be
of any particular value.

It is otherwire, howover, with roapect to the figurs representing the aumber

constantly exposcd in the courss af their daily work to the influence of purs or

re asbostos dust. Some informstion ou this poiut is very desirable

" check the adequacy of the sample of workers examined, and to envisage the

problem confronting the industry )
While only a -rough approximation is ible, it is believed that about
4 e of persons in,tgia:‘mt.- . in their daily
work to the inhalation of asbestos dust, either pure ¢r admixed with a small
proportion of cotton. It should not be overiooked that this figure does not
include the considerabls number of wurikars exposed to the influsscs of mixed
dusts of which asbestos is but ons, and commouly not more than 20 per cent.
of the mixture. . :
Of thess 2,200, the sample examined oumbered 383 (excluding 11 for

. reasons referred (o latez) or 18.5 per cent.

Selsction of Workers for Ezamination.—Thse selection of worksrs for

‘examination fwu ot lcfti umr:l to dnne:, sincs ?s was 'g‘.rly dcgdent that the
rtioa cf those em 0 years and upwards in industry was v

uci?:gn those longest employed were pn{zred. si:g

the importancs of including a suificient sample of this group is evident. Regard

was also paid to the other end of the scale 0 as to obtain information as to

the leagth of exposure to dust necessary befors effects are manifested, and also

.huhparﬁmhrpmonwhich:hcmhrmmgtged.

" By balancing the compopent ps of the sample in this way as the
enquiry procceded, it was falt that the mazimum information would be obtained
in the shortes: time. -

It follows, therefors, that in respect of length of exposure to asbestos dust,
the component groups of the sample do not bear the same relaticaship to esch
other as the corresponding groups of the industry under review, sub-
joined Tables will make this clear. Table 1 shows the distribution according
to length of employment (not necessarily in ons factory) of 775 workers, the

total number e on the D in ssveral factories. Table 2 shows the
_ sample of 363 o distributad in the same way.
Tantz 1. Tamsz 2
Y ' Parsentage Years Poresats
mployed. | Number | Tl mployed Number. | el
o=t .. ] e 3. St e - " 28

bl e e %0 . 39°8 ot e 141 388
10=14 ... oe ”n (1] ] 10=14 .. e ] -2
18=19 v 1% 31 el e T 71
20 and over ... 17 3-8 20 aad ever ... | 13 t 2 )

Totals ... ™ 108 Totals ... l %3 100

The enormous p derance numerically of workers m&yed under five
ymnisstﬁking,uaminthcmylowpcmugc of wo empioyed 10
years or longer. . ‘ , .
Comparisn af the two tables shows that the effect of the methoed of sclec-
&im of workers for examination ia that the m‘uaher esamined in mh‘szc::-::.i-.-]-
A (- U Icnt gToup is A ¢resnively greater proportion of the tota
xmmmhicl'nmld have b‘een ﬂ:?mr??wd in each pacticular group. ‘
o 0
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" the normnal chest, but it is not oftsn that he finds it n--essary to

.For the purposo of this enquiry the st2o

¥
With a solitary esception all those mmuinc_d.mrc at work ca'tho day ol

- nxasmiuatioa.

The C(linical Ezamination and Siawdurds adopted.—~The nalure and -
parpuse of the inquiry were explaiied to cach worker whom it was proposcd
to examine, individually, and his or ler co-operatiun obluined. Each in-
dividual'y previous industrial history, : ubsequent to leaving school, was uoted
in dotail. Thig'was essential in order 1o exclude, ewpecialiy, the effect of pre-
vious work iu any of the numcrous pruesscs involving exposure to frov silicm

.dust, and, to 2 less extent, the cffcct of other dusts. Similarly, the in-

dividual’s medical bistory wns scrutinised from childhoud onwards, to determine
the physical level on entry into the .industry and any subeequent changes.
Particular attention was paid to accounts of pulmonary ailments, some of

. which, like asthuna -and bronchitis, are common encugh amongst the general

popuiation, yct ars also non-specific signs of irritation caused by the inhalation

. of dast, whilst others, like iuflusnza and poeumouia, are occasionally followed

s degree of pulmonary fibrosis. War servics, if aay, was gone iute, especiall
'3 to whether there was any history of the worker having g:n 3 gas e‘:.;alt;
at any time. The family and personal hxswm respect of pulmonary tober-
culosis was enquired into, and also as to any close asnociation with known cases
of this disease in friends or relatives. In_apr:uhmg the pertinent subject
of symptoms, grent cars was taken to svoid leading questions, u{peciallv in
aliciting information as to the existencs of any undue shortness of breath.

" The actual details of the physical examination do not call for commest,
inasmuch as they followed the usual lines of & detailed examination of the
chest, with cbesrvations of the genernl health and of the condition of the upper

Refercnce must be made, however, to the standard of normality adopted in
assessing the stats of Lhe lungs. The appraisement of any departurs frow the
normal necsssarily pm;zg:su the existence of such s standard Every
cJinician bas attained, as result of experieacs, his own clear conesption u&i

dlgn.

stats in 30 magy words, in fact it seems scarcely possible o do so, and this for
scveral reasons; the hesrt and lungs function efficiently within wids limits of
applied strain, and, although vesticrs of past disease may be present and
apparent on examination, will be unimportant if they will never tax the
organism beyond these limits, are non:progressive and do not predispose to other
dissase. Age itac!f has recognisabie effects, but for this reason alons, the chest
cannot be considered sbnormal. _ . .
There is cbvious disparity between the standard of physical ftness required

.fcr ap sir pilot and that required for lifs insurance at ordinary rates; in-

dividoals reaching either standard can be classed as ** normal,” yet many attain-
ing ths latter standurd havr never approached the former.

* Thus, within limits, various gradations of pormality muy be distinguished,
and eorrupondngh:‘tudntds constituted without innccuracy, the precise status
standard being determined by W‘E‘;’l’“‘ for which it is established.
adopted l-is been that evinced
in any large group of persons living onder similar envimomental conditions,

* apart from work in dusty occupativns, as thoes of the gronp heing cousidered.

Thia is neither a high standard nor a very low stancard, but the arcrage stan-
dard of normality displayed amongst the iudws.-inl population of this
couuLry. 7

Relioaruphic Frumination af ths [ungs. -In addition a carefal radio-
graphic cxanunation of the chest was made in many (137) cascs, the neceswity
for which in investigntions into the cffects of dust wpon the lungs has been
omphasized repeatedly by various : athoritios. It was not, of courss. icasible
to obtair. technicnlly suflicient radic--rams of all the workers examined, derived
as they were from factoricn acaltere iver the enuntry, somoe in districts remoté
from a radiological centre.  The m - *» of selection wan dictated by the needs
of the situatlon, with the abject of  icidatimg material points geanane to the
investizmtion, e.g., the claeidatinn o, complisnting affections, in measering the
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extent and progress of the lusions and locating (he point at which tho carliest
radiographic signs appear, and finally as a chock upon the bumasn factor -
prescuted by the exanumer bimsell . .
y 4.~—Rzsv1Ts or Tnz Ixgeiny.
Ty anticipate, examims’ion of the daia collecied in this investimation leads
tn the conclusion that the iabalation of asbestas dust over a period of years
results in the devel.pomemt ol 3 serious type of fibrosis of the lungs.

. Asdestosis—the Pulmeuary Fibrosis of Asbestos Workers.—It is helpful to
visoalise fibrosia of the lumgs a3 it occurs in asbestos workers as the'slow growth
of firous tissue (wcar tismue) botween the air cells of the lnug wherover the in-
haled dust comes to-rest. Vhile new fibrous tissus is being lnid down liks a
spider's wcb, that deposited earlier gradually contracts. is (ibrous tissus
is not only uselcss as a sebstituts for the air cells, but with continued inbalation
of the causative dust, by its invasion of aew tarritory and consolidation of that
al‘hn?dy occupied, it gradoally, and litarally, strangies the essantial tissues of
ungs. .. . :

" In common with other essential organs of the body the lungs have a large
remrve of tissus for mme in emergencies and to permit of a diminutioz of
fanctional capacity due to advascing age or diseass. For this reascn, and
becanse fibrosis of the lmmgs is essentially a local disease, it is only whea the
fibrosis progresses to the extent of obliterating this reserve, that undue shost.
nem of breath on any extra effort draws the worksr's attantion to the fact that
his health is not what it should be. The other symptoms of the disesse such
as cough aro equally uasssuming, and are readily ascriled to some comman snd
trivial causse. . .

From this point the of the dissase is more rapid, since it is now
encroaching on mnmm%d tissue of the lungs, already only just suffi-
cient to maintain him im his ordinary daily activities. Ultimately, if no acuts
. respira infection has precipitated a fatal termination, a stage is resched
.whea the [ungs can do littls more than maintain life, and the shortne<s of breath

In its main clinical festures, therefors, the disense ressmbles silicesis, as

ight be expected. It differs from silicosis, however, in the mode of distri-
bution of the Abrous tissws in the lungy, in its more rapid development, in its
radio: lng?l fuma.m and, thmmudmo reascn for hdxmng.mx.n & lessaned

tibility to pulmonary tubercnlosis, liability to
mvhinhdm‘ ?chndchﬂywmdddhmrdhﬁﬁm' 7
" The Asdestos Bodiss.—In the lungs of thoss exposed to asbestos dust,
angular particles derived from asbestos,’ and spicules of asbestos” are found
en microscopicn] examimation, and also numbers of peculiar bodies described
by Cooke and Hill' and Staart McDonald’. They are yellowish brow in colour,
of elongated, bead-like form, often with bulbous ends. Cooke® and Rodhouse
Gloyne® independently damocnstrated a mineral cors in thess bodies, evidentl
derives’ from the asbestos fbre. Stewart and Haddow™ have aiso demonstra
their p.esence in the sputum of asbestos workers. These bodies bave not been
Tound to occur in any other human aflection. They have boen found in the
sputum within » comparatively sbort time aftar exposurs to asbestos dust, and
in the ahnei:ce o‘ln clinieal : ndxo:omex}ldgntgna of pulmonary &h::sis, their
prrsance cannot’ taken st present as indieating : more ravious
mhalation of asbestos dust. | . . . P
The Inridence of Pulmennry Fikronis in Asdersos Workers.—The extent of

the rink tn henith associated with exposure to asbestos dust under present indus-
trial crmditions may now be considered in detail.

* Of the 374 workers of both sexes examined, 105 were found to have a diffuse
Sbroris of the lungs attribotable to the iniialation nf dust. Ten of these, and:.
one other in. which there were carlier signs of the mme condition, have been
excinded from further comsideration, inasmunch that it was feit that previous
work in ather dusty arcomatioos. sach as quar-ying, and emal mining. may have
heen the prime or a enntribotory factar in the develapment of the pulmonary
" leniona famnd.

[ 1 3 . Ad
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ThLus, 95 of 303 workers, or 20.2 per cent. showed a - ite fibrosis duc to

- asbestos Just. An additional 21 wure found with precursiv.  cus of this discase,

but these are given no weight ia the gencral conclusions, whisii are derived sololy
from cxamination of ths 93 cases of definits fbrosis. ) :
" Of the 133 radiograpbed, G2 presented radiographical signs of s diffuse
is, and in a {u . 23 thcrg were suggestive radiologx% changes not
definitely diffuss fibrosis. In 10 of the formner group and 3 of the latter the
changes wers possibly referabls to prior work in other dusty occupatious or to
othier cause, and they aré thercfors exciuded, leaving 52 cases of fibrosis and 22
with signs snggestive of early changes.in the lungs due to asbestos,~—sulficient
radiclogical confirmation. . .

What inferesces should be drawn frum thess Sgures i—Certaisly nof that

28.2 per cent. or rocghly 1 in 4 of those at present exposcd to asbestos dust in their

daily work bave fibrosis of the lungs. As mentioned prsvicusly the sample -
examiued is loaded with s greater proportion of workers amployed 5 years and
over than obtnins in thesd sections of the industry at th: present time (Tables
1 aad 2 abovs), and as shown in Table 3 below the incidencs of fibrosis increases
with the length of employmaent. Therefore in order to obtain an approxima-
tion of the gencral incidencs rats of fibrosis in these sections of ths industry a
ion must be %p&gﬁod on this account. Applying the rates shown in Table

St fimures in Tabls 1, it appears that the gensral incidencs rate of fbrusis
yed in these secticns of the industry is rather

less than 1 in 8, or, excluding thoss employed under § years, rather lesa than

1is 3. . .

Further corrections would have been uemux if the sample bad included
an undoe proportion of workers from the more dusty processes, but this wwas
foond not to be the case. Also no correction is required on account of differing
age distribution since, as will be seen later, the incidence of fbrosis is unalfected

- thereby. Sex bas 2o effect.

- Thess general incidence rates are convenient merely as aficrding a rou
indication of the.inherent risk associated with expmrty:o asbestos dgnt at tﬁ
present tizie. They have 0o permanant valus sither as aa index of the ral
risk of fbrosis in the industry from yesar to year, or as a measurs of :Ecrisk
in say icular factory or group of employees. is must be %o since not
ouly the distribution of worksrs in the industry according to process and
length of employment vary from year to mw-ﬁﬂ:mm
ments, but mmn% appliention i
will have & cumulative elfect in reducing the fibrosis incidence rate in futurs
Effects of Ages and LengtA of Employment.—Table 3 shows the dis i
of the workers examined according to length of employment, and Tabl:n} ﬁ?i:
distrilution according to age, together with the incidence rates of fAbrosis in
each case.

Tama S.—[ncidence of Fidredia relative # Length .} Emplogment.

_ Casss of Fibresia Aversgs age in yean,
Years Number - -
Eepleyed. Examined. |- : Qreup Of Group lom |
Nember. Iacidenes per cases ! Of rases of
cont. of Filraais, | Fibresis
] ’ .
o=t .. . 1) ) - 2% e -
28 ... - 141 3 88 ; 30-3 %e -
0elé... . “ ] 384 344 @4 e
= .. > 18 33 a-s 43
10 snd ever ., 1 .17 I Y 7Y P
Teials I P ; " ' sees I 3¢ e
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in age 20/29, has beea sho
20. 43, bow

1

TasLs A.=/ucidence of Fibnuis: relatice & Aye.

. c ol Fil . is Average Iui:ﬂ;:‘l ':.mploynu?t
’ Number - .
Ag Group. Ezamionl. Grewp Of Gresp less ot ¢
: ) . Number. Incidenes per exses rw""’"
. ssab }.. of Fibresie. -

- Uptets .. s S - 32 -
$0-29 ... see 180 14 "3 [ 1 p 8?7
30=39 ... .as 100 30 30-6 o1 12-2
4049 ... [y 47 3 " 118 14-2

. 10=80 ... e 9 11 30 97 169
60 and yver ... 14 | | L 84 3 18-Q 193
Teals ... f P ” " sees e | a3

These tables indicpte the cutstanding importance of length of employment
(and bence !cfn of exposure to dust), and ths negligills eSects of age, on the
production o s. ' ‘

Thus age groups 30/39 and 50/58 (Table 4) bave incidence rate. of 30 p-
cent. and 87.9 per csat. respectively;-not 3 wide difference, since the grouys
include workers in various processes exposed to diflerent concentrations of dust.
Moreover, the average of employmeunt in these two groups, excluding the
cases of fibrosis, is almost identical, but considerably less rrn.n the average

langth for all the cases of fibrosis (13.5 years

It appears aiso from the same Table elm no special susceptibility to the
&nﬁbpmu; gf75brods tx:' shown by ky:nng gumlso. unless fitthh cnmidctreﬁdb that
gure of 8.7 years, the avera of em eut of the cases of fibrosis
m incm&cﬁnmptibﬂi&y of ages under
howaerer, the average age of this group at cases of fibrosis is 2G.7 years,
and also because the establishment of fibrosis does not necessitats immediate
retirement from work, this is largely discounted.
Column 4 of Table 4 also shows a genersl irregularity which, in itself,
points strongly to the negligible effects of agy in the production of fibrosis.
Turaing to the effects of hn?h of employmaent & very dillerent picture is
seen. Table 3 shows that after 5 years’ axposure, the iincidence rate mounts
rapidly, and after 10 years increases almest in ‘Polucicnl progressicn.
. Bffect of Work 1n different Processes.—Thers are insuperahie difficulties
in ascertaining trustworthy figures of the precise incidence of fibresis amongst
workers in particular asbestos rrocesses.  This is the result of ths common

- practices in the industry of bousing many procesees in one roem, and of workors

from one process to another. These two factors, the influence of

dust from neighbonring processes,.and prior work in other asbestos processes,
to obscure the effects dus to work in any one process.

. By distributing the workers, howerer, according to the process in which o= &

has been longest employed and grouping similar processes together, it is possitie

to draw csrtain broad conclusions as to the relative effect of work in diffiervnt

processes.  In this way gronps were obtained as follows :—

_(1) Crushing, opening, disintegrating and mixiag.

(2) Carding. : .

" () Spioning. twisting, doubling, plaiting, ete.

(4) Insulating mattress making.

(3) Weaving and associated process:s. .

(8) Miscrllanecus processes and remaining unclassified workers.
.. The ontstanding poiut bronght mu in this way is the relatively very luw
ineide-co rate of fibrosia in grenp 3 (termed ** spinners * for convesicnce) as
compared with each of h:h}mher groupl:n Thmdis ﬁp“?ﬁ.um also that
amongt * spinners " the discasg takes .40 dexelop. ' Shudy of the radio-
grams, a! ., reteals further indications enn?n%a'cnry of this. Marcover, cstima. -
tiens of . dnst content of the air in the neighbonurhaml of thi~e processcs am!

in th ibern in the vari. ux 1 show that the evalution « F gl
3 is s~ ';lively lowe. (Tl .,‘3."" P evalution « f dust in group
casa X
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In fact, the history, and the medieal and radiological features of the cases
of Sbrosia, together with tho results of comparison of the dust counts, all con-
. tribute in some degree to the vicw that with comparalively low concentration of
dust in tho neighbourhood of a process, the resulting cascs of Slrosis amongst
the workers in that process are longer in'developing and remain longvr in a
milder stage. It follows, thercfore, that in such cases the rats of accun.alation
of dust in the lung has not greatly exceeded the rate of elimination, and a
further point of practical importasce emerges, namely, that in order to
prevent the full developinent of the disease amougst asbestos workers within the

- space of an avernge working lifetime, it is secessary to reduce the concentea-
rlcrooms

tion of dust in the air of the workro to & figurs below that pertaining to
spinning at the time over which those cases were exposed. . | ]
; Not only docs sroup 3 show the lowest incidence of fibrosis, but it forms
the la. individual group in these sections of the industry—about one third.
tive Dustiness of Various A4 sbestos Processes.—While some reference
bere to the varying amoant of dust evolved by the different processes is necessary,
ths causation of differences and methods of suppression of dust are dis-
cussad in Part II of this Report. - . -

Different asbestos processes do causs the evolution of different amounts of
dust iato the air of the workrooms, and, under present conditions, the d
) ronounced.

In some processes the production of asbestos dust is insign?ﬁa.nt; in 8 second
group dust is continucusly evolved but in reintively low concentration, as in
spinning; in & third F?I the evolution of dust is continucus and ia high con-
cantration, as in dry cloth weaving: and in a fourth group much dust is dissi-
g;t:iniﬁlgmub:hhondmticn. a3 in emptying the fbre from settling chamkers

into bags. .

Some additional data wers obtained by means of s limited pumber of
determinations of the dust content of the air at the breathing level of opera-
tives engaged in vrarious processes, with the aid of the Owens” Jet Apparntus.
The. tignres in Table 5§ which were caiculated from some 50 determinatione,
give & rongh idea of the general dustiness of the procssses concerned, and also

{ lncalised exhsust ventilation and damping -in reducing the
copceatration of d'-<¢t in some of them. The counts in other processes are
cprq:d proportiouately to the spinning, plaiting aed braiding group, taken
asaxity.

Tt will be seen from this Table that the dustiest processcs are opening (wvith
old fashioned teasers), sieving (with rio local exhaust ventilation), 28d shovelling
or otherwise handling asbestos fibre, with a comparative figure of 2.3¢. The
beaviest counts of all wers found in this group, in sck flling by hasd in a
stitling chamber. The comparative figure hers was 0.84, but the record was
:dense, with much clumping the dust particles, with the result that
the total dust count arrived at was andoubtedly too low.

- Next in order is drye cloth weaving without the application of localised
exhaust ventilation, with a figure of 1.95. This is undoubtadly a dusty preesss.
and altbough local exhaust ventilation reduces the count at the breathing level
of the weaver, much dust still escapes into the workroom. Weaving cloth
wet, not merely damp, reduces the dust count to & remarkable degres. Columa

. Tastz 5.—Relative Dustiness of various Processes and Ej, ~ts of Localised
EBzhaust Ventilation and Namp 3 sthods in swppressing Dust,

Yeaving.

- - -— S G SR *c s emw rw Mnk' .
AitaieE | Carding Qo | Best Ry NG
Paisee | T8 Dry. | B . | haneliag

T | exmens y ' Dre, Dy | bes | Damns ! i
ey | eemtite | Witheme Wik | T 1 witwes | DU | Domn : withent
voutil. | e ,::.‘:“ : ,:,:.'l“ Vot | oabanes i Wot | ohamnt """':'l‘_‘ ¢‘§h'!'-t i exhaust

stinn watib . rentil wwatil | venuil | TR | T TR
oo, otinm, & | aisa, | -} o N W= J suen. l stien.

A_g ) . ! _® (0] () [ am nn

] 147 108 ' 1483 I‘-;ll* 1] ! -1 123 PP ' 33 034

¢ Xasw that heed tlu.-;c.huu rentilstis . Manas -.rh-i.l graces] rontilation of the Mattress man..: sork.
e, nat fetalicd ot 1 serk lewr s,
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7 lor land (i.0., narrow) weaving, wet, is not acrurate sincs e ﬁgﬁm has beun
raisf by dust {rom a neighbourieg dry cloth loau.

. Mattress making without any precautions, such as exhoust ventilution,
or duuping fluors, tbles and cloth, folluws next with a figurs of 1.83 (Sce
lootnots Table 5). -Application of exhaust veutilation, and dawmpiag reduces
the fignre considerably, but it may be that the figures in coluswis Y aund 10 are
too low, siuco counts for some subsidiary procesws, such as buttoning, sswing,
and cutting out, ate not available.

It will bo observed that carding, althongh cssenially a very dusty process,
produced a comparative figure of only 1.17. Tbis is due in part to partial
_onclosure of the working futs of the carding machine, but iz mostly the result
.of the application of exhan-t ventilation.  Aloreover, the firuro does zot
take into account the extremely duasty operation of strippiug.

Relative to the comparative numbers for the other differcnt processcs, the
figure of 1 for spinuing, plaiting and braiding is probably rather too high,
owing to eonmminat.iox_riy dust from neighbouring and more dosty processcs.

Samples of asbestos vary much in chemical constitution and physical pro-
iss, and of the three main varictiss, chrysotile, crocidolite, and amosice, the
ter two, in the opinion of experienced workers, usually Ngnre rise to more dust

than chrysotile in the taxtiis manufacturing processes. No evid:uce was found
to indicate that any cne of the thres varieties is more, or less, potent than the
othars in Rrodncmg fibresis, other factars, such as concentration of dust, being
equal. peculiarity of the asbestos fibre is that it first fragments longi.
tudinally, and appareatly this process can go on indefinitely, since there is no
ultimats fibre comparable to & vegetable fibre such 2s cotton. .

Concentration of Dust and Lenath of Ezposurs Nec to Producs
Fibrosis.—~From the data so far exa nined it sesms clear that is of the
lon .. is a definite occupational risk amongst asbestos workers as a class.
Furthermors, it appears that the risk falls most beavily on those longest em-

- ployed aud on theso engaged in the mors dusty processes.

*Soms further consideration of thess ttwwo important factors, length of em-
ployment and concentration of dust, is desirable. Obviously, to some extent,
they are interdepenclent, sincs, assuming that a specific quantity of asbestos
dmtmsrbeinhﬂaltposndqunmuampd&bm the fibrosic will resnic
imbr:paunforapcn of time varying with ths conceatration of dus: in the

air
Simson" reports the case of an aslestos mill worlcer in South Africa,
m 12 months to 3 nqm atmosphbere, who died from a rapid
culosis; sections of the , apart from the changes dus %o tuber-
eulosis, & moderately marked Sbrosis. Burton Wood and Page* report the
oase of an asbestos spinner, employed 15 months, who died from a generzlised
nhrwlnﬁls months after ceasing work. In this case a littlo fibrous tissue
was generally to bu seen surrounding the asbestes fibres found in the lun
tissue, but thers was no gross fibrosis. It seems probable, therefore, althougn
further research is very nccessary, that not coly is a certain minimal quantity
.of the dust required for the productit. of a generalised fibrosis, but tha: ishala-
tinn of the dust in high conceatration results 1n the production of 3 more maried

" degiee of Abrosis in a shorter time, than when the concentration is lovw.

Investigation of this importunt matter—concentration of dust and length
of exposurc pecessary to produce fibrosis—{ro:n the clinical side is beset with
difficultics, one of the most conflusing being that the exidence of a dlinically
recupnisalic diffv« fbrosis is o -ite compatible with continued work in he
industry, and, therefors, the enie . of fibresis discovered in such an investigat-on
st this are in various stases o the discase, with the result that the poin: at

- which they first became reogunisable clinically eannot be ascertained.

Despits this, some ennBirmation of the bypothusis that the leagth of ox-
posar U anlx~tow dust navaary to praduce ibrmis varies invecsely with e
mntml&u of the Jdust in the air, within certain low and Ligh liwmits, may

daimd,
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Table G shows ic average age and Jensth of employment o'f the cases of
fibrosis in the gruups of processes previously dealt with (p. 11).

Taote G.
) Cases of Fibrenis
Preemm. ' - S
’ Average Length of
.Aw Age Eaployment
1. Orushing, etening, disintegrating, miziog .. 43+ [ I3Y ]
8. Carding .. e ses sae eee e 39-0 13-
. & Spianiag, twisting, desbling, plaiting. ke. .. 37-0 18-7
6 Matirem making ... o .. ee vou 38! 1340
5. Waaviag and associated p Cees aees 439 12-7
& AMissellasev-:3 presames asd remasiaing va- "1 13+8
eclamilied werkars. . - _
Totals .. ... © e : : 13°3

The much longer uvngi ‘E:nod of employment of the cases of Sbrosis
in group 3 as compared wi other groups will be noted.  There is also
least exposure W mmgrou&& It seems, therefors, that in this group a
%r period elapsed before Bbrosis developed, or thas it progressed Ls
rapidly. -

This is the more sppareat if the incidence rates of fibrosis amongst workers

smployed in the processes in group 3 are compared with the corresponding rates
for workers employed in the mon%usty p.roug:u comprised in gro&):c 1, £ 4, 3,
taken together. rates are sst out in Tabls 7. .

- Tanes 7.—Comparison between ths Incidence Raus of Filronis amongst Workers

in Group 3 (less dusty processes) and the Inaudencs Rotes
amengst Workers employed i Groups 1, 3, 4, 8, taken together (more
dusty processes).
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It will be seca that, after 5 ycars’ employment, the rates ars comsistestly
much higher a-1ongst those employed iu the inore dusty processcs, and, whereas
the rats is high from about § fyuax: onwards in the more dusty processcs, it is
not until abuut the *3th year of employment is reaclied in the hess dusty provesses
that the-rate for L) latter becomey Ligh, ana approximates te that reachied after
about 3 years' empe:yment ig the more dusly provesses.

Sxpasure to differcut concentrations of dust, together with the effect of
the recognition of the cases of fibrosis in different stages of the discase, alss
afforit an explunation of the widely diflering lengths of employment of. iu-
dividual cases of fihrowis, which ranged from 5 years to over 0. While no
definite cnse of fibresis clearly due to aslustos dust was found amongs! workers
with It thun 5 yeurs evponaine, the posibility of sach eases occurring with
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espasure to high concentrations of Just caunot be ruled out. Thres cases were
found with 3, 3y aud 4 years work in asbestos, respectively, Lut iu eacn there

'Was provious expusure W other: dusts (see p. 10).

Support for this view iy provided by (1) Profcssor Deattic's experimeuts
previously mentioued, which demonstrated that the lunge of guinca-pigs ex-
for 4 aud 07 bours to asbestos dust sliowed ** delinite celluiar pro-
iferatiou, though sol very extensive, and this is cortainly a Jrv.hmma.ry swuge
.im ﬂ:c.pt:;leﬁaion of ﬁhmx:h'.‘,l 2 Sifman"s cuss Imestiot ba.bﬁ;c, and lus
report in the same paper on uuys of 8 guinca-pizr exposed by Mavrogordato
o ssbestos dust for 100 bours durieg a period ot 50 daye. Un the death of
i (from causes other t!:an asbestosis) some 32 months later, sections
lungs showed a slight geucralised fibrosis. In commenting oa the awouat
found, be statcs that “ a comparisou between the human cases and the
imental animal showed that tho Sbrosis was more rapid and extensive in the
in the experimcutal animai,” aud again " the amount of
of the human cases was quite rapid, and if due to the prescace
¢, the initial rate of production was rapid when compared with
non-iufective silicosis on the Rand **; (3) data from tnis investi.
which 21 of the 3063 workars showed si?u suggestive of corumencing
is (p. 10). Of thess 12 had been employed for
bet: 4 2and S years.
To sum up, therefore, it appears probable that concentration of dust and
of as factors in the production of fibrosis are interdependent
ithin certain limnits. While it'seems necessary for ths production of generalised
is of the lungs that a definits minimal quantity of dust must be inhaled,
the concentration of dust in the cir breathcd, the louger the lapse
. ime befors the fibrosis is fully developed, and within a certain limit, the
“;shn the canceutration of dust, the sooner the fibrosis becomes fully developed
the more intenve tl involvement of ths lung tissue.

If this hypotiusis is correct, and the evidence points to it, the practical
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less than 7 years, and G,

infercnces are of very great importance, since it follows that the application !

of measures resulting in the reduction of the coocentration of dust 1o the air
in ths neighbourhund of dusty asin:atos processes will cause, ficstly & great is-

crease in the length of time before workers develop a disabling fibrosis, aud 3

sscondly, the almost total disappesrance of the disease, as the measures for
&oup{:rasimo&dmmpc&cud.

Disablemant produced by the Asbestos Fibrosis.—Regarding the amount

.of disablement prodoced by the derelopment of pulmenary fibrusis in asbestos
wurkers,—for o number of years this is surprising&y‘:light. even more so than
} generally the case in silicosis. This is partly to the character of the
disease, and partly to the nature of the work, which in the majority of these
procasses does oot involve much p' vsical exerticn. The afiected person may,
and often doss, contizue at work with cecasional intermis-ions, lattesly, due to
exacerbations of bronchitis, until the condition is adv :uced, although he sufiers

&

icrensing inconveniences from shortoess of breath, on exerton. Some- £
.times a terminal hroncho-pncumonia, or other acute infection, commences while
still at work, and there is 2o long period of invalidisin. )

There is 20 doubt but that fbrosis of the type producid by asbestos ean of
itss!f lcad to complete disablement and to a fatal termination, and this in the
abssnce of a superadded tubereulous infection.

" Particulars Lave bevn collected up to the end of 1929 of 10 cases in wilich
s advauced degree of the asbestos fibrosi. witlout tuberculosis was the
primary canse of death. 1+ 9, the cause of death was werified by post mortem
examination and in the 10 . repeuted elinical, radiolowical and sputuia ex-
aminations confirmed the dinsosis. Tn an 11th case, prst mortem cxamination
showed that a lobar pncummn-ia had miperveued upen lungs alecady the seat

of a maderate. demree of the ashestus Gbrosis. Vith one exesption, all these

doaths occurred in the years 1927.29, .
The leugg‘h af exjasdin: 10 anhestow dust in these cases varied between 9 and

™ yeurs,
s . Al
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It is not sugnested that these few fatalities, in which the cause of desth
has bevn verifie J Ly strict enquiry, are any criterion of the wue effect of the
discow: on the mortality rates of asbestos workers. Others are known to have
oocurred in which the cxistence of the asbestns fibeosis bhas been determiine! in

+ life, but no post mortem cxamio.tion has been possible. .

Progress and Duration of the Disease.—The ratc of progress and duratior
e‘ iscams varies within wide limits. - With cuntinued exposure ¢ highl

i bt Pure +b b . og-
Ul o/ rat gl AN §
S

ntrations of dust, the fibrosis may bo fully devcluped in from 7 to 9
= ftee about 13 years es ing in

!I d Josure, excrptic

3 prioy : g ,

!l - A
. 5!" and cx-§
% 4 . . fami ; ju th
il siv breathed, sither by change ¢ eut from a highly dusty process to
: il one less dusty, or the effect o ‘ n for the suppression of dust, refi

" ; b of. te-ol:the fbros: pt in the
' i . stages of the diséas i3 so, the existencd of a clinically re-:
I : i 15? of in any individual iy an additional
t it 31«1. factor in the prospects of recovery from any acute infection of the
! i" lungs, such as pneamonia or broacho-pusumonis.
ry

o - ——

i Association of the dsbestos Fidrosis with Pulmonary Tuderculosis.—As
pwiwﬂymtioned(p.g.dhwh.:hcﬁbmisolthlungsduewme
! . inhalation of free silica dust, has an unhappy association with pulmonary
i tabercalosis, in that there is a much inmed%ubilizy to- the superventian of
! the latter disenss amongst silicotics. It is of importance, therefors, both from
i . the paint of view of the individual worker, and in its bearing upon the scope
i of preventive measure required, to eaquire whether thers is a similar
. liability attached to the ssbestos fbrosis.
' It will be remembered tliat in this investigation ths examination of warkers
B . was restrictad (o those at work at the time of the examination, and, therefore,
< 4 pumber of advanced cases of fibrosis, and 3 number of cases of pulmonary
i © tuberculosis—with or without an asbestos fibrosis in addition—who bad
o . either given up work or who were off woik tempo:arily, will bave been
missed. Moreover, the supervention of a tuberculous infcction on a lung already
the subject of fibrosis produces an incresse in symptows, previously unnoticed
or disregarded, and i* duces ths toriter to ssek medical advics. He is then
appropriately advised to give up his dusty employment, migrates from tbe in-
dustry, and may or may Oot accept saoatorium treatnnout.

Thus there tends to be a drift of such cases fr-m the Bbrosis producing
industry. In fact, during ths courss of the investigation. information was
obtained of a number of persons, previcusly employed in asbestes, who were
eithar at home or in sanatoria, suffering from chest complaints.

Precise informatica as to ths incidencs of pulmonary tubereulosis anmongst

workers cannot be obtaiced therefare, in the absence of periodical

. medical examinations in the industry, without prolonged enquirr involiviug tiic

search of the records of local sanatoria, tracing workers knmown to bave crased

work in asbestos, and examination of death certificates, and of the sickness
records of firms, where these are kept. :

Nevertheloss. with those resorvations. the 2323 ebtained fn this icrassizeninz
33 o Slsclose any cmisazding sowepnibilicy o puimosary eoianinliss, eta:
amonyst asbesics workers as a class, or awonpst the cases of ibrosis.

i Summury.-—The outcome of this investigation is to establish the exisience

) of a definits svvupational risk in the asbestos industry. This takes the form of

s distioct type of fibresis of the lungs, rescmbling silicusis in its main clinival

aspects, but differing from that discasc in the mude of distribution of the

fibrous t.asic in the lungs, in its rudivogical featnres, iu the enhanced rate of

develupment vuder averaze - onditions in Liis country, and as far as the evideace

‘goes, in a lower sun-eptibility tv the supurvention of pulmonary tuberculosis,

- __',__‘_4-“ - B T e i - CT ST T AL,

! ® Thow novdical aml rediuhugical dala oltaive! in this invetigatins will be pabiishwl slaswhere.
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a0d anwnzst thom lony el BADIYEEY Age-and sox-Rave 6o apjiarcut
mei'ufﬂ'm production of the discase.

8.—FacTons Drrzauinmne tug Preskyr RECOGNITION OF TEE ASDESTOS
' Funosts. -
It is of in: :st to comsider why it is that this disecase bas omly reccotly
" attracted Doticr ..ud becoms a prublem in the industry, although asbestos wus
- lmown to, and v.ucked by ths ancieuts.
Many factuix coatribute to this position, some depen..cat on.the uature of
ths discase, some on ti: phanomenal axpansion of the i..dustry, others on the
. advs.:ce of medicn’® seieace. . .
Whilo asbestos has been kmovwn and odically worked [or hur.dreds of
ye rs, it is only in the 40 years or 30 that it has beea commercially exploited
t0 anty extent.  Not only that, but it is less than 30 years since the great espan-
sion of the industry commenced. Even after a number of years of steady expan-
sion, the industry is still com ively small, and the warkars employed in the
assentially dusty processes relatively few. _
‘ - The insidious anset and uncbtrusive signs and symptoms of the disense in
its earlier courss, its covert advance by imperceptible stages, its points of
Tesemblancs latterly to fibroid tuberculosis, with which infection it is sometirzes
associated, and the migration of those aflectsd from the industry, have all com-
‘bined to de:{v its recognition as an entity, and to cbscure the causal agent.
Koowl of the effects of specific dusts upon the luogs has been greatly
exteaded in the past 20 years, but ressarch has been z::inly concerned with the
more important and widespread risk associated with vhe dusts containing free
silica, and eaquiry into the effects of other dusts bad to wait npon thoss investi-

6.—Pxrvrrrrve Mrasvmes. -

The necessary proventive msasures include, frst, those directed specificall
towards the mppngion and control of the dust evolved in manafacturing pro-
oasses, which are examined in Part 1I of this Report, and secandly, measures
directed towards those employed in the industry. )

" Thaese latter include the control of the disesse by periodical medical examina. -
tion of the workers, by which thess unfitted by health reasors are preveated from
umnn? the industry, and cases of fibresis and pulmonary tuberculesis are

&t the earliest possible moment. The ultimata and cnly reliable tes:
the effectivensss of ths preventive measures adopted in the industry will be
found in the atatistics derived from the records of periodical medical examina.-
- tion of the worlars. .
They also inciude the education of the individual, as in other dangerous
trades, to0 a sans appreciation of the rigk, and to his personal respensibility 1n the
and sappression of dust.

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

danger that the use of thews may give a senss of false security. Asbestos dust

%m air coptains a mprxr{ of particles of the order 2., and under,

ms g ooly 0.5« (xybaw 1nch) in size. In practice, the discomfort

wear, and difficalty in speech, etc, render workers very
uawilling to use this form of prolction for any length of time. Since,
a high class respirator will trap a proportion of the large par-
which can enter the lung, they cannot be said to be valucless, But can
only be recommended as a sscond line of defencr, and not in substitution for
other tive measures specifically directed to the control of dust as zear as
rib ta its point of origin. Under very exceptivaal circumstances there may
scope for the use of the cfficient type of breathing apparatus, comprising a
mask or helmet with a long tuhe. enabling the we.rer to breati:e pure air frem
s distance. :

-3
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. sccumulated damage, partly'a legacy of the war years, but with the pamicg of

the peak, 2 steady fall should cusue. :

Mauch generous assistancs has been received fruin many sources during the
course of this investiyntion; thesc are g\r:u.nfully acknowledyed elsewwhere.
Special thanks are duc, however. to De. E. W. Twining of Mauchester and Dr.
N. Tattersall of Leeds for their indispensable expert assistance iu the elucidation
of the radiological fentures, to Dr. W. E. Cooke, Profcasor 3. J. Stewart, and
Dr. Roodhouse Glovne, whose researches in the same Geld are well known, and
to Dr. I. AL. D. Grieve for information from as uppublished study of a group
of asbestos workers. o A
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Proczsszs Grvmne Risz 10 Dost anp MrTEODS Tor 1Ts SCPrazssioN. |

._ 1.—IxTRODUCTION. R E -
The asbestos industry has developed greatly in recont years and continues

- to expand rapidly, i:ainly because of the demands of the moor, electrinai,

enginecring and building industries, and of the increasing attenticn gow paid
to the insulation of steam plant to promote fuel economy. Co.
products may, for coovenience, be divided into seves main
mp‘ $ — . . - . . .
Textiles. ' '
(8) Yarn and cloth.
Non-Testiles. -
(®) Millboard. paper. asbestosccment sheets, tiles, and other build-
" ing materials, sheet mat.: izl of rubber or bitninous mixtures contai::.
ing asbesto«.
() Insulation materiain and articies.
() Br:' . ud glutch liniegs.
(¢) Pava.ny and juintings. . .
' Asl-wtos-covenitl  electric  conductors—electrodes, eabivs  and
wiring. o'« for elertric machinery.
(@) Mi-vellanenua, including moulderl elertrical and other ~onds, o0,
Sonwe faitoeien make both  textile amd non-textile gomls.  So-eallol
o ﬁlmfiwd." aenim, i.0., opened or hroken-up material fu 3 fine flondi-likee
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conditiun, is mauipulated, unmixed with other mnti:ria&. in large quantities in
the factorics incluled in groups (@), (), and (¢), avd @ 3 wuch sunaller extent
in sonc of the other (acturicy and workshops.

@) Asbcstos ynrn is woven into cloth for ‘insulation mattress coverings, io- B}

sulatioy wrappings, filteriug material, fire curtsins, fire-smothering blanits
and Gre-resiz*iny clothing, Nasrower woven mnaterial is produced for belting
for conveyors, Brake liuxnss and insulating tape. Same asbestos cloth s
rublber-proofed for use in the manufacture of stex:n packings and jointings.

" Besides its main usc fur weariug, asbestus yars is Lraided and plaited for
use as packing, and also for iusulating material. Spools of yarn are supplied
to factories in which electric cable or clectrodes ars, made, and polished thread
for the completion of incandesccut maatles. .

(5) Asbestos willboard and paper are manufactured from pulp conmtainiug
sbort fibre asbestos, by a wet method, like ordinury millboard and paper.
Asbestos-cement sheets, tiles, gutiars, ;ipa. ete., for buildiuﬁ and similar pur-
poses ars made fromn wet mixtures of Portland cement and short fibre asbestos.
A synthatic compasition sheet is made from a rubber mixing, for use as jointing.
Bituminous mixings containing asbestos are made for switchboard panelling,
and other mixings for foorings. . : .

(¢) Insuintion materisls include fiberized asbestos; '‘ magoesia,’ so-called
contsining abos - 15 per cent. of fiberized asbestos and 85 per cent. of magnesia,
and other finely divided mixtares composed partly of fiberized asbestos, used as
insulating cemeuts or plastars; fiberized asbestos stiffened into thick sheuts, like

- mats, for lining bulkcheads of ships; shaped sections and slabs, moulded from

fiberized asbestos or mixtures containing it, or built up of corrugated asbestos
50 a3 to enclose air cells; mattresses, wmad.- of asbestos cloth and flled with
ized asbestos, esiz, or othsr ﬁlhni

(d) Braks und clutch linings are chielly r:gared from imp ted and
heat-treated asbestos cloth, but also from moulded ssbestos material,

(o) Plaited and braided asbestos yarn, proofed asbestos cloth aad com-
position shect are used in making inckmgs and joiatings. .

(/) Electrndes for welding work are plaited with asbestos yarn or covered
with & paste containing asbestos. Somec electric cable and wiring required to
withstand heat are plaited with asbestos yarn; field coils for electric machinery
may he wrapped with asbestos tape. .

(7) Miscolianeous manufactured articles or ucts, compesed wholly or
partially of asbestos, include, in addition to moulded electrical and other goods,
asbestos putty and powder, rmbber hese plaited with asbestos yarn, and many

. A from manufacture, certain work is carried oo in premises subject
to the Factory and Woriahops Acts, as well as iz other premises, which involves

" use or manipulation of asbestos or products containing it. The insulating of

boilsrs, pipes, and parts of ships is the most important. Much of thi
wfku is dmp“ m shipp:y mmmp' who employ l:mc:mm'dcx-lbla ontdo:'
stall. .

- : 2. —Pngaiszs.

The factories and workshops included in (a) to () number at least 160,
of which 18 are textile factories. This total is based on lists supplied by the
District Inspectors. It does not include the large number of works where there
is incidental use of asbestos packing and jointing, asbestos-covered electric cable,

. or other Snished goods, required for completing other manuiactures.

. ‘There is only one works in which the employces concerned with asbestos
exceed 500.- There ars masy small premises in which but a few employevs, in
somc ciscs only one or two, are employed. A small * ashestos ** department
{s funnd in o number of important fectorizs.

Textile departmer 1y are uanally well housed in modern buildings. .\ fow
of the older textile factorics have been impruved recently by the addition of
modern baildings. In enc case a -hadly housed small coneern is in prucess of
remaval t+ newly constructal premiscs. :

The x-lestos-cement slust factories are inadern premises of large flonr arca,

Infty and spacions, in the main, single storey buildings.  Tle eable and eleetrode

factaries arv alip mmlern and generally snitable.
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- the other d, certain devclopmensts, e.g.,
" . problem, if adequate measures to deal with the dust are not taken.

.Soma small works, more particularly those engaged in making Luiler com-
Jusidions, aro unsatisfnctory. A {ew arc mere open-sided shuds.  Such premiscs
are diflicult to keep clean. :

«  Some works are cungested’ with plant and stocks of material. This may
result from iuadequate acvouwwodation or a tswporary falling-off in the demaud,
but the cficst ©. eleanliness is bad. The dust evolved in manulacturing pro-
cesses is nuore diflienlt to control if the preuniscs are unsuitable, particularly if
cowmiad with plant or material. Cluaning is not easily accomplialied and the

. dust is more concentrated. .

Veatilation.—The arrangements provided for ventilating asbestos works
vary as in olher industrics. Dus' removal systems, where userd, ellcet a measure
l wentilation. A number of workrooms in texfile factorics are
ventilated by plenum systems, the air supply heing warmed: in winter. Over.
bead extracting propeller fans are but little used now and wowld be unsuitable.
In onc mattress making room extraction faps conacected to large overhead hoods
sre used. LExtraction by downward displacement, the air being drawn througi

" openings in the floor, or néar flcor level, bas not been met with, but bas been

considercd for. some weaving rooms. This system, if designed of a capacity
sufficient to cffect a high standard of general ventilution, would tend to reducs
the dust in the zeneral atmosphere at breathing level, and, with other safecuards,
be a porsible alternative to localised exhaust ventilation. It could not be -uccass-
ful without efficient hesting, owing to the rapid change of air entailed.

' Separation of Processes.—~In many works several processes are carried on in
the samo room. In the abscnce of efective weans of preventing escape of dust
into the air, many workers arc subjected to a risikk from which they would otber-
wise be immune, or to & greater risk than that arising from their own work.
In a fow textile factories crushing and opening plants arc placed close to spinning
and carding machines. Spinning frames are installed close to looms and wet
and mﬁng arc carried on close togrther. In non-textile premisag there is
TRoTe ive separation of dusty work and processes from non-dusty. '

3.~Dzscairriun oF PRoOCISSES AND PrEvaxTrve MIastres
- A complete account of manufacturing methods is not attcmpted. Attention
is mainly directed to the dust-producing processes, a description of which, in
broad outline, has been deemed necessary to makas clear the circumstances under
which exposure to dust arises, and -the eh:incw and objec: of the remcdial

-measures already in use or here recommend

Somerhat important changes are on foot which, it is coufidently hoped,
will greatly reduce exposure to dust in certain hitherto dusty processes. On
; ing up of textile machirery,
sad the increased use of asbestcs in various industrics, may intensify the dus:

(a) Yam and Cloth. : _
The manufacture of asbestos yarn and cloth proceeds an the whole like that

. of othar textiles, but there are some important dificronces. TFiberized and cthes

asbestos material is freely handled in various operations, in gathering

" “waste,” and in clenning. Exposure, in some degree, to asbestos dust, is

common throughant all the factorics, but steps have bven taken, extendiug oves
many years, o doa! with dust prduced at varions paines, thoush the necseary
of efficiency hins, generally speaking, not been reached.  Exhaust ventila.

tion plants used in Ua bert -equipped asbestos factorics foe renmwving dust appear
to be ns efficient as thase used in other testile indoxtrics, aml o have bu.\-ln appiied
over a wiler fich!.  As remards ather saleguards againat dued, ¢.2.. Mostitition
of mechianival methods for handwerk for feeding U umrlnlww'lf: n iminaey
tions, oificient eaclusure of machines, and vacuum wetluely ol CE23TEG, litsls
development hax been muade. bl .
ning. —Asluston, suitable for ynrn.Tm.- watally to lw --.ru-_".-.".. :-m‘-I i ail

eames *topemed 7 (** filerized ) befuee it is ready for mr-l;ll". ‘““;"‘;*- !\"."’"‘l 3
tory sy ane eficeted by machinery, hat eolail mue b e R, Nepareag.

. - . S red st 0 qn e
ing (1o remeny irm) and grading or sieving follow crushingg, bt oIS Ve,

Y4
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Material for parn is uot usually trented in disinugrators, but in mest facturics
theso machines arc ussl for bberizing waste ashestos yarn, cte.  Crushing
flattens out and Ureaks up the mineral without damaging the fibres, It is accom-

- plished cither in a large cdge runner, or in 4 small pan mill of the mortar mixing

. 'The material is emru'ed upon the floor cioss to the machine, the coutents
ol several sucks sometimes lving spread ou the Boor to obtain a rough ** miving."
The crushed material is «iihee takon from the machine by hand, or dis” arged
through a hottom delivery slide, usually flied iuto sacks or skips aud, if nea=sary,

- weighal on a portable weighing machine. A few edyge runoers discharge upon

shart inclined lattices and the material falls automatically iuto the sack or skip.
Edge runners give rise to dust of considerable amount shere short fibr:

. is erushed; some are enclosed and have exhaust applied. This is always seces-

sary. Pan mills are not enclosed and also give rise to dust, though less in
amount. ° .

Handwork, c.ﬁ. sack :;gtying and filling, mixing, shovelling and feeding
machine pans or lattics f{ecds, ygives rise to dust, sometimes of considerable
amount, and is done without exhanst. Apgljeation of exhaunst dranght would
be facilitated.if feeding wers done from a higher level so that sacks might Le

. emnptied under enclosed conditioas, i.c. ina sack emptying apparatus. Automatic

very and reversible bagring lattices eliminats dust produced in kaad flling
of sacks, but require to be ciliciently enclosed with exhaust draaght applied.

An open travelling band passing round an’ electro-magnet is used for
ssparating loose iron, the asbestos being delivered to an elevator. Enclosed
apparatus should be adopted. . ‘

Enclosed rotary sieves (rotaries) or long oscillating frame sieves are used for

. roughly grading crushed material. Rotaries should be mechanically fed and the

collected under enciosed conditions (not always done) and exhnust applicd

to the machine enclosures, otherwisc unnecessary dust is created. Same escillat-

sieves are very opes, the matarial being allowed to fall on the floor, and being

into sacks by hand. Very dnazz conditions are then inevitable. Efficient

snclosure with exhaust draught applied and, to avoid band flling, automatic

dalivery and bagging lattices, also enclosed and exhausted, as used in some cases,
are generally practicable. . -

Crighton opesers, epclosed centrif machines, ars used for opening
crushed usbestos, preps to carding. Careful mixing or blending of erushied
material is efisctad by spmz.n &jz m:niy int layers on the Hoor over a considerable
area~-cotton may be added at this stige if required—and when feeding, taking a
vertical cut through the mass. Admixtare with a small proportion of cotten may .
also be achisved by blowing it into the feed opening. The opened material is

- dalivered upon a and collectad either in a contaiyer or io sacks,

ing lattices being used in some cases. Jlechanical feeding under

- enclossd co: tionta, with cxhaust dranght applied to feeding lattices or other

, should be adopted. Hand feeding gives rise to dust, from sack empty-
ing, x:: ing and particularly mixing on the Soor. Mixing is a great hindrance
to elimination of band werk; it is asserted that poor yarn results 11 it is pot done
and th:i machine mixing has besn tried and gave less satisfactory results. If
vetained, it should be dope at a hi level than the opener, under 2 large

canopy and the mixture fed at a series of chutes. Delivery lattices

" should be well enclosed and exhaust applicd, as now done in some cascs; otherwise

dust is evelved. ]
Opened material not required at once, may be stored in open bins in the

. werkroom, -involving emptying and filling sacks or skips, which necessarily

cause dust. Tlis stornge in-bulk shocld be avoided; altcrnative arrangements
might be ado;.'o?* which avoid dust.

Somr material, o.g.. loug fibre waste from later proceswes, is opened at
enclowcd lattice-[ud teneers or wilieys, not infrequently of primitive design, worn
out, and cmitting mucis dust, - ithstanding that a fan v an iotegral par:
of the muchine. These old machines should not be nsed for asbestos openinyg.
Dust may be emitted at fexl points of modern machines, partienlarly when the
feed is irrcguilar.  Exhnnst is nevewary at the feed lattice for this teason and
also Ieenuae foeding itwell cavuses dust.  The material it cither discharged upan
a lattice for imunsliate collation, or blown into a chamber.  The standards
saggeeate] fog Crigghton machines abonlid e adopted.
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Llnpper Lattice fovs arce largely used with opening machines; the Lopper lips
are about 3 feot G inclia above linor luvel.- Mluch dust is pruduced ia shovel-
foading as it is diflicult to avoid sultering at the lip. A cenclosed lattice, fed
at or just below floor lovel, with localised axhaust applied to the enclosure is niore

satisfactory. .

. Siogle disintegrators, or two or thres machines in serics arc used for Lreali-
ing up textilo or other asbestts wasta, r.ore arely for opeuing crushed asbestos.
Prescut arrangements for proliminary hand sorting of waste are unsatisfactory:
it should be accomplishicd at a covered beach, suitably exhausted. Whereas 1n

- sowe cases, the indraught-at the disintegrator foeed openings caused by the rapid

rotation of the rotor is not suflicient to remove dust, and because, at any rate,
as 500D as it is stopped, escape of dusi may result from roversed air curreats,

. exbaust should be applied here also.

material is blown into chambers, a blower fan being in some
cases connected to the delivery of the machine to create a stronger draught. Air
pressure in the chamber is relieved ia diflerent ways, the sides may be covered
with sacking, allowing much dost to escape, & * relief balloon ** conpected, or

. axhaust applied. Cbambers connected with disintegrating and teasing machines

vary in size, some ars little more than a large box, others are more roomy. Some,
but oot all, ars ssparated from the workroom. They are entered for emptying,
the material being filled into sacks or skips by hand after the machine is stopped
or ths flow of material diverted to another chamber. Work in chambers is verr
dusty and its elimination is most desirable. (Sece page 28.) :

Carding.—Cousiderable dsvelopments have taken place in recent years.
Ons or two important new enrd.mmp:nhan been started. Xlany new machiges,
including scrae of foreign construction, have been installed.

Ths machines, of large overall diuensions, are of the roller and clesrer
typs. Modera cards ars of bigh class construction and fitted with two dofier
?ﬁndan supported on & carrisge, which can be rackad into or out «f position.

or fins 8 breaker and a inisher, constitatiog a set, is used, conpected by

. “lattices, E'slinr from the former baing automatically fed to the fnisher card.

In cases where the sliver is collected in cans, a Derby doubler is used for prepar-
ing laps for fnisher cards. .- :
. Sﬁhmhinundbruhrmdsmqnippcd with hodpper lattice feeds
u.l:pli from skips or sacks, handfuls being dropped ip, and shaken apart as
fed, or the sack emptied into the hopper. The asbestos falls intermittentiy upon
s cresper fecd which conveys it to the *‘ licker-in ** fsed rollers, between which

- point and the doffer the matarial is under eaclosed conditions.

The material is combed from the open dofiars of finisher cards, as a web
or *‘ shest °’, the shests from the two doffers usually being combined at a con-

* dagser, and the resulting sliver yarn wound into spools. Occasicnally, combed

web is collected without being coadensed, the condenser carriage being with.
drava. In other carding, the sliver may be obtained as & lap. :
Mnimaﬁzhmhmﬂmpmhdbyammtmmm
together, o cotton lap bei~g mounted above the cresper feed, and the cotton fed
the feed rollers with the asbestos. , .
evolution of dust at cards is inevitable and a fine dust cloud may be
observed in most cardrooms. Snpprassion of dust eannot be realisved unlesx

- machines are maintained clean and in satisfactory repair, and there is eficative

enclosurs of various parts. -Above all, localised exhanst must be appiied at
wall.dofincd points of dust emission, and improved stripping arrangements pro-
vided. Wide » .cing of machines is also desirable.

The upper ;arts of moders machines are usually provided with well made
wooden covers and the lower parts are cncloscd below in metal. The frames
are well onclnscd "at the sides. A hinged metal cover, fitted in some enses, pre.
vents enc—ne of dust procduced by movements of the feed Iattice. A curtain of
fabric is low matislactory. Tn aller types, particularly, the weale. tovers may
pot At mtisfactorily, the cylinders may not be truly aligned with the frame and
other « ficts may account fur side escape af dust, nat controlial ¢ by exhaust,
Such defects should he remedicd. Creeper veds, daliers and condensers and
connecting Inttices hetween haaker amd finisher canis are not enclowedl.  Duse
is evalvedd at dedler comim and at creeper forda. . -
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Localised exhaust ventilation was first applied W canling tachines m.iny
years ugo. Alcthods aud apparatus have sincs bueen gradually improved and
wore powerful.cchiaust draughts ars oow used. One luryge firm have achicved
much success by standardising their practice as regards poiuts of application
of exhuuxt draught, dusign of air guides, size of branch ducts to air guidcs and
duct velocity. LExhaust s afpplicd at (a) the presser a¢ the creeper feed; (4) fecd
roller at lieL!r-in; (c) top of cylinder; (d) each dofler, air guides or hoods being
fitted at thess points with connecting branch ducts. Mull couplings, used ou

- branch pipes, facilitatc easy disnantliug. Dranch pipe sizes and duct velocities

are liberal. The improvement rcalised by applying powerful exbaust at each
of the points mcationed, at all of which evolution of dust is important, shows

_that this practice should be followed generally and gives point to the view

presved by some occupiers that earding can be carried on practically dust-free.

(1
- Apart from the above case, exhaust is applivd in nearly all cases to tir: cylinders;

in a moderate proportion to the creeper feed; in a few, to one doffcr—the top,
and in one or two only, to the bottom doficr. But, apart from dust-emitting
points not provided for, the results may be inadequats. Carding machines are
occasionally installed and put into use without exhoust, this should never be dage.

Efficient results are not possible unless the exhanst draught is applied as

: m& as possible to the dust-producing poiats. Transverse air guides, wizh

ducts connected n¢ ench end, are apparcntly more efficient than prramidal
boods of tzlo usnal type. Ducts of adequate diameter and high duct velocitics
are essential.

The usual air guide for the cylinder, provided to effect removal of dust
both during carding, and stripping and grinding (though proved inadequate
for st.ri;?ing) is placed a little above an opening in the crown of the cover. Two
branch ducts, as above, and in addition a larger centrnl bramol doct (for use
during stripping) are connected to it. The shallow space bolow ths hack of
the air guide is closed up curing ard::éby s wooden hinged piece—thrown

at the cylinder is prevented from
escaping by inflow of air {rom the room, at the front. The dunst-laden air is
withdrawn at the side docts. In stripping, inflow of air carrying some of the
stripping dust tales place from below the lifted cylinder cover; the central
brinch duct, kept closed by a blast gate during carding, is then fully opened
to provide a greater :ir volume.

In cns facto:r a circular dofler cleaning brush runs continuously
above the doffer - mb. A pvramidal exhaust hood is provided, but
much dust escapes; unless fully efficient exhaust is devised sn alternative to this
cleaning. if renlly necessary, shonld be found. The enllection of combed tweb,
previously referred to, is done withont exhaust and dust is produced. Collection

- might be effected by exhaust dranght as applied for removing side wasts at

condensers. .

Notwithstanding the use of covers for eard lattice feeds dnsty conditions are
peodneed and exhaust dranght shon::1 be anplied at this point also.

Stripping and Grinding.—Card * strinping ** or cleaning is done when the
machine is opened aut for grinding, which follaws cleaning and takes place at
each machine about once 3 week, but shorter and longer intervals also obtain.
In one important factore the twwo nrocesres are combined in n:e operation. Roller

. and clearer rards must be npened out, i.e.. the lattice feed and breast. and con-

denser and dofler carriages are drawn back. the crlinder covers are raised. and
the various small rollers. which are clonned and grennd at a speeial machine,
. The crlinder is firet cleancd. with the doflfer earrince drawn back:
the cnrriage is then replaced and the doffers. min a2 a greatly increaced speed.
eleaned in turm.  Cleaniag takes ahont ten minntes and ix nemally dane i1 workine
hours. hut in one.cass, at lenst, after. The men prean their ** strickler ' or fla:
haud brushes abont 12 inches long covered with eard clothing, agninst the wire-
covered sarfaces. Muoch of the Aehric is heavy and falle to the flane. Duet i
eenlvod in a dense clond, ssme heing remnved at the etlindor exhaust heod. In
one case flaor apenings. heneath the machine, are enanecied to the exhaus:.
Present exhanar arranmements. are altngether inadequate. marticolarle so ae
regnrds the battom defler. Much dust is thereforns earried inta the genceal
atmesnhere of (he mnm.  The cleaners wear respiratars ar ** helmets.”
Tn a fow e, more effeetive measnres are taken, e.2.. the apened.ant
machine is Almest entirele encloeed with hich eanvascovrrsd sereens.  In the



LA ol | '-ur.moﬁlmmammn.-us»u&www

_ is removed by suction draught to a * side-end

- this country.
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works where cleaning takes place after workiog Luurs, an a}.sxiliary exhut.
sysicin, with a hood [or the botiow dofivr, is brought into use.

Grinding which takes several hours, is 38 aulomatic process cffected .
vo covered rullers driven by the machive. TLe small amount of du
produced is chicfly of a metallic character. :

- In the factary where grindiay and cleaning are combined, the doffer exbau
arrangements are first re-conuectad.  Much less dust is evolved amd appes:
to be dealt with mors effectively. This firm consider that band strichling Lelec:
grinding sbould nut be allowed. Their methods may, however, not Le genernl.
applicable. * A little strickling may be necesmry after grinding to remove unc
pisces ol débris.

The trade recosnise that preseat conditions are oot satisfactory and exper
ments ars being made with the cbject of dcv.clcapmg improved appliances. Inor
case & revolving brush is being tried, with independent exhaust draught applic
by flexiblc connections; it is said to give promisc of success. The brush :
parrower than the band strickle and less dust is-evolved at a particular momea:
In another case, a vacuum fitting is under consideration. Previous use of vacuu:
stripping was given up because of rapid erosion of the met:l pipe beads and othe

. %nlm effective dust suppression 18 realised for stripping, all worker:.
other than strippers, should be excluded whils it is in progress and for some iz
afterwards, and the room well rescilated.

The machins for cleaning and grinding the smaller rollers, which gives ris:
to much dust, should be ftted wich cificieut exhaust arrangements—a straigh:

- forward matter—and as completely encloscd as practicable to collect the heatie:

débris, precautions which are not always taken. The machine is either installac
in the carding roem, or in s room adjoiniag. Independcot machines should be
provided to deal with rollers of dilerent leagths, otherwise incqovenien? adjust
mants, lisble to be neglected, have to be made. .

Card Side Wasts Treatment.—The irregular ** seivedge * of carded fibre,
separated at the two sides of the Anishing card, beu:i unsuitable for sliver yars,
ine, shich prepares it for
further use.  Ths matarial is blown upon perforated cylinders, the air escaping
at the side and the material being discharged oo the foor. The process produces
dnst, particularly when the feeding is irregular, the air then having a free path
betwoen the cylinders. The material sbould be delivered under suction and oot
under pressurs, a ** pressure ** machine being uasuitable.

* . Spinning /md Doubling.—Yara is spun at fyer or ring {rames which may
esery up to 80 - pindles, 40 on each side.  Much piecing is required owing to the
mg:::in weakaess of the fbre. A fine metal thread is spun with asbestos,
for linings and certain other purposes. Mule spinning is oot practised in
‘A‘ large amoust of doubling is carried on. ..

. Spinning, more rticularly riag spinning, gives riss to dust, continuous!
: the ** b:ﬁocniag '!ou; of the fibre owing tc the rapid roi.ation o¥
the spindles, which may run at spoeds of 1,700 revolutions per minute, and

" iptermittently, when the rarn brezis. DNoubling is less dusty thun spinning.

While the amount hears no cemparisen wizh that produced in carding, and is less
than that from dry weaving, ine worsess are continoously exposed to some dust,
more in some factnrics thas iz oliesy. douktless dus to diferences in working

. methods or materials. Exhaus: dmsghe jor its removal has not been applied

hitherto, but experiments in ¢ rasiesr have heen so far succeysful that the firm
are prepared to equip all spizning azd dsubling frames with exhbaust ventilation
plane, embodying (i) echanse Juess ::-:.-3...& with the frames, abave the tin rolless,
with shaped hesxls at intervals, #2<h 3 doal with a small 2roup of sPindlcs, and
(i) for more vffvutive concentmar:cs of ic draught, panclling for the ends and -
lower parts of the frames kes th e szindles, capalic of being eaaily removed
Suvh ratezmamiv mar require sumewhat wide application

unless special ozttt yontitation a8 jradiled,
Wcrpinq.-\\';.- .+ I age peepseel in the nsual way fram creelii:y frames

T liow ot dust eemrmics 23 the frames and keazing machine
I.n;l';?-'-}i :;'l:mm sentilation corid Loals e applied efectivel: A partitior
off qa:ﬂ' elaanaeally vent lated emana e, with esteaction gt low level v

ellect improvement.
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Wiading.—any winding machines are used, varying from makeshift types
of primitive construction, at which the practice may elitiun of holding the yarn
'in the hand, to' modern apiversal winders for winding ** cicews.”” "Dust may
be evolved to some extent, particularly in connection with the above practice,
which could bo elimiuated. ~ Application of.exbaust drauglt will then probably
8bt be merossary, except in particular cascs. : .

Plgitiag and Draiding.—~Pliiting and braiding, alw carried on in cngine
packing and clectric cahlo factorics, and dome at machines of normal desizn,
cause some evolution of dust, except whers the yarn is impregnated with

;ﬁru.w.’ Vi.ilo the amount of dust is sometimes less thau io spiuning, the

erence is not material. But tliers is perhaps less exposure of the operative
ander ordinary working conditions and precautionsry measures other thun

" localind cxbanst ventilation may suflice. .

1V eaving.~Looms vary greatly in size and gencral arrangement.  As many
as 140 looms may be found in a single room, but this is exceptional. The clear
spacs between machines may not exceed 18 inches. Some looms are independently
driven by clectric motors.: Cottou warp or weft is somctimes used. Thin clotd,

" . {fur mattress covers, fiters, clothing, cte., is woven from 2 single warp beam

at & simple type of loom. Belting looms, for thick beiting and brake lining
material are complicated, several benms, arranged in tandem nader the
loom, or in some other convenisat way, being required. Thess looms are narrorr,
but often very long. Tape looms are also narrow, unless several tapes are woven
togethier when scveral shuttles, in line, working in onison, are used. Cloth is
beamed at the front in the usual way, but belting may be ied under the loom, .
and coiled high sbove it, at the bacle ,

Most weaving is *‘ dry,”” but some weaving is done wet, either warp or
weft, sad occasiozally both being wetted. Wet weaving is accomplished more
casily and a closer weavs obmnﬁ' , but rusting of heald fittings, and the subse-
g&t drying entailed and the less satisfactory appearance of the material ars

isadvantzges. Thoroughly dry fabric is required for braks linings and rubber-

‘proofed material, and wet woven cloth may be strongly objected to on this
account. :

* Considerable evolution of fine dust occurs in dry weaving as a result of
(a) the forward movement of the slay in “ beating up,’’ this source being close

" o the op-rative, (3) the repeated contacts of the rising and falling warp threzds

with their neighbours, this source being the most important from a quantitative
standpoint, (c) the disturbance of * dust ** or ** Sufl "’ on machine party, espcially
those in motion. A fins dust cloud may be observed behind the healds aborc tie
warp threads. ‘Muoch less dust is prodoced in wet weaving.

Some " dry ** looms are sow fitted with loctlised exhaust usually applied

- to deal with dust evolved by both (a) and (0), ip some cases (a) only. (o) A flat
_ borizontal “ hood ' is fitted in front of the operative, just above the cloth, the

opening facing towards the bealds; () either an nErighr. pyramidal hood, placed
transversaly, or borizontal flat one on each side facing each other, are -
fitted close behind the healds. The sscond arrangement is the more efective
for narrow looms, as the “ scissors-liks " action of the warp threads appears
to displace most of the dust to the sides. The exhaust dravght has efacted

(u:u impmmnt. but all the dust is not removed, especially that produced by
. ().
behind

t may be im::racticahle L0 apply the dranght to all dust-producicg poiats
the healds. particularly at long looms, but greater success would have
been achicved with more powerful draught and larger air displacements, as is
pow being recognised. .

The methads deseribed £ ¢ denling with the dnst ereate ° by (3) must be less
saccesafnl at cinth lnoms of ordinury width. A fow such luoms in anc factory
have rscently been cquipped with large “ bonnet " hoods, fitted transversely,
close daen aver the muchine, covering the slay, reed and healds.  The hoods are
of hemisjlwrical seetion, with evtensians aver the shottle baxds.  An inte-aa]
electrie licht fitting, and hingel sections, facilitate working. A powerful
dranghe, snitably applied, should prevent escape of dust, generated within.
Tn annther case, experiment iz said to have <hown that a transverse inclined liood
facinyg the aperative. placed junt lclow the warp near the front of the loom,
can 1o more offictive for relncing dnst canceniration in the air hreathed, than
present arrangement-:, awd the new dedign ie W be sbstituted.
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__ Application of cfficient dust removal .arrungements to weaving is cl
dilicult. The expedicat of installing iudividual machines or small grou;
machines in suitably ventilated small rooins or cubicles, as suggested u
** Warping ' does not appear to have been tried, bat might be considere
Jocalised arrangements are not sufficiently effective. Long parrow sheils,
8 single line of looms, veutilated as suggested, might bs a possibie alterna:

Clotl. Picking, Ezamining, Jleasuring.~There operations involve run:
out the rulls of cloth and tend to preduce a small amount of dust. If egref
done, o that very little dust is created, ather grecautians may be unaccowar;

Nown-TrxTi1rx8.

Fiberized asbostos is pot used in some of the non-taxtile factories :
ire to asbentos dust may be slight or cven pegligible. Dust is evalvec
factorics ar departments where such mater..:! is prepared for subsequent 1
or for sale, and also in departments whero fiberized material or dry mixtu
coataining it are manipulated in preliminary manufacturing processes. Ag:
Bnishing processcs, intolving abrading or catting at high speed, may be 2 sou
of dust, but such.dust may contain only a mfl perceatazs of u{cﬂu; 1
application of exhaust draught, where suggestad in the following descrip:.
prucesus, is in most cases a straightforward problem, comm ¢ with ma
others met with in non-taxtile factories, eg., woodsvoriing and grinding, whe
machinery similar to that described is used:

Fiderizing or Opening.—Fiberizing is almost excinsively confined to wor
in grou §b) and (c). Much of the work is done under less supervision th:
jo textile factories and unsatisfactory machinery is more common. Primiti
teasers (' devils ’’) are used in ssveral mattress-making warks, and chami:
woark is also an unsatisfactory feature (ses p. 22).

In soms asbestos-cement s! cot factories, crushed materizal, froi edge runser
{alls into worm conveyors below, which transfer it automatically to disintegrator
In one works, the process is being entirely enclosed; the material fro:

the edgc runners, which are lastice-fed, will be discharged upen 3 conveyor ac
:is.dgh a4 elevator to large gverhea! storage boppers, ﬁz&? with automat:

d.ﬁgmg tices. Localised exhaust draught will bs applied at feeding ac

very points, where dusc might escape.

Chambers have been eliminated in some large works, with bepeficial resule:
The material, after being disintegrated or opesed, is fan-handled, and blow
to & hopper ftted with bottom rotary delivery valves, the air being re-circulatec

" The mataria] is bagged at lastices. . Direct supply to & maoufacturing point |

annther improvement now being tried. Such poeumatic coaveyance should b

icable in many cases. Lc!-,had exhanst 1:: feediﬁt'llﬁrtnd discharge &Em:

i v ig sacks may b
practicable. .

If chambers are retai*-cd, the necessity for entering them might be avoided.

v previding chambers of small front to Lack dimensions fitted with low doors.

a wl:;':b sack filling would be doae, localised exbaust ventilation being applied

(b) MiBboard, Paper, Shosts and Tiles.

The wet mixtures for millboard, paper. and ashestos-cement products are
parcd in a beater, as used in paper mills. Dry fiberized asbestos is emptied
into the beater trough, the sacks being shaken to sowe extent. Evolution of
dust accnrs before the matarial becomes mixed with the circulating water.  Ocea-
sicnally 3 sack is emptied before the water is turned on.  Several sacks are
required for a’ charze and the process is repeated a aumber of times daily.
Precautinns aré not taken at prescnt hut the dust might be avoided bv
(2) mechanienl feding onder enlosedl conditions. as appears o be done in <vme

3

- toreign works, (5) applying exhaust draught, (c) feeding in small quautities

and 18 such a way that the material is wetted at once.

Finishing procesaey an asbestos-coment shects include mawing to siza, carrn-
gating, pressing and drilling, enrried on in some {actories with the material
%0 moist as to provent dust, and this practice should be adopted generally.
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Othurwise much dist is produced in sawing, owing to the mipid cullitg st
and localissl exbaust is pecessary thouglt not applicd.  Sumilarly, t(ueniug,
Gling aud smootling of dry usbestoscement pipes, at lathes, may require exhanst
to remsove the dust produced. ’

- Syntbuetic cowponition sheeting, sometines nunde in a rubber departwent,’
i:’rmmcul froin dough copsisting of fiberized asbestos and rublur, mixed with
vest in kneading machines. Dust is producerd in feeding the mixer with

asbestos, douc in au open maaner by haml, from sacks e skips, the sacks being

‘'shaken out, or {rom an open lattice feed. Subsequeut procvsses arc dust-frev.

Exhaust should be applied at the [ceding point.

(¢} Insulation Materials and Articles.

Compositions.—* Marmesia,” the most impertant insulating compasition.
is prodaced on a large scale by the prin-ipal manufacturers, by enclosed methods

with mumtic conveyance of the mixture to automatic sack fllers. Weighing
and ing the Bberized asbestos gives riss to dust for which eshaust is
DACEs<ary. . :

_Fiberized asbestos or ** magnasis *’ is a component of many insulating com-
positious which may also contain clay, kieselgnbr, fossil meal, fax, hemp or
juts wasts and other materials. The proportion of asbestos in the final product
varies widely. In many small works the materials are mixed ** dry,” Ly hand,
in an opes maaner, involving sack emptying and flling, shovelling and weigh-
ini. osed rotary mixers could apparestly be used for sach work with

ust applied at feeding }ninu and the material discharged and bagged
under enclosed conditions. 1f hand work is retained, exhaust shonld be applicd.

Consolidated Sheets.—Large sheots resembling thick mats, built up of loyers
of fiberized asbestos. are consolidated with silicate of soda, sprayed or in manu-
facturs. The shects nuay be on one face with mi , or supplied
;ithot.t s ‘backing, being faced when fixed with millboard or asbestds—cement
act.. b . X

Tha shects are produced of the required size and shape at work benches,
or built up on the tabie of a machine, capable of slow reciprocating movement,
and fed from a hopper above. In the former case, the fiberized material is taken
in handfuls from skips and spread out in the forms, the surplus being seraped
away acod falling about at the sides of the work benches, and oo the floors, 2
considerable quantity being seattered. Dust, produced in manipulating the dry
fibre, before treatment with the silicate of soda, is largely avoided at the machine.
Eficient localised exhaust should be applied to the hand process with improved

. bench srrangemsnts, to prevent scattering.

Band sawing of piled sheets, causes evoluticn of much dust, owin.g to the
cansidernble depth of cot. Localised exhanst alone, not yet applied, may prove

Sestions and Slabs.—)louided insulation is made chiefly in two forms, sec-
tions—semi-cylindrical and monlded hollow to suit various lpip': sizes—and slabs,
which are rectaugular and solid. These prodncts are usually monlded wet, cither
by band or iu?'. from a paste or cream, prepared in a mixing machine
or tauk. Feeding of dry material involves evolution of dust v hich might e
avoided by ons of the methods suggested for feeding beaters in millhoard making.

 Sectivns are made at onc factory by 4 dry provess. at a machine indiffereotly
enclonedt.  Ferd hoppers, filled [rom skipw, deliver the ashestax tn iuternal lattices
which in tnrn sapply a travelling hand, at which the seetion is roiled by haad.
Revolving bensbes which clear the lattice and spread the material vvenly on
the hand give rise to miwh dust. and dust is panlaced at the happes, and in
rolling and bhrushing away superfhuns material,  Exhaust dranght, not hitherio
applied. iz (o he provided at the expured brush amd the machine is to be more
effectively enclamed.  Ad enclomd- *“ foed *° is alsn necewary.

The madions and slalm are trimmed to size with cimular oe bl saws,
Afnch dunt in prostiuced amd exhaust deaught is eommondy appliod, bat is in wme
cam= incllivicat.  Circalar sows wadd in g cses in pairs, Tor trimming ends,
in one operation, van be fitted with exlaust lunuin alawe amd Indow the besclies,
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and band saws can be enclascd below the tables and ixm-rtcd hocds feted,
exhaust drnght being applial ax for wondworking machines. Ellicicat arra:
mouts should be redily practicable for all sawing work here.

Matiresses.~Mutiresses are manufactured by practically all fiemw
Egus insulation requisites, though only ocvaxionaily by some. Mattresscs

cvutracts are made in the contractors’ premiscs, their outdoor stafl tak:

necewsiry measurements and preparing rough plans. A mattress has somcti:
to be o on site. -

ALittress making invoives, broadly speaking, the sequence of proce:
associated with the making of domestic matiresses. The work is alluost eutis
hand work. Lengths of asbestos clotl: for covers are cut out on a wide bw-
and sown up, by treadls or power drives machines, to an extent depending
tho methiod of filling. hﬁ" mattresses may be sewn along ose side ouly or b
sides may he sea ing done from ends. Belore filling, covers =
torned inside out. Supplies of filling material, which usually, but may nc
contain fiberized asbestos, ars brought, 1n sacks or skips, from chambers, or tak
from open bins, in tho roow, kept supplied from the chambers, or from sac
of material supplied by outside Brms.  Filling is done by hand, scoop or shov:
and quantities way be weighed. The end Blling of loug double-scamed mattress:
reirrred to nbove, necessitates the workmen mounting on the bench to empty t
matcrigl from skips into ths openings. After flliag, the mattress is levelled .
beaten, to make the Blling lie evenfy within, the hand or a flat wooden best.
being used. Finishing processes. include final sewing, stubbing or buttosin;
fixing on hooks, etc.

Some dust is produced at the cutting out bench, in opening out the roll ¢
cloth, and at the sewing machine, but far more in taking material from bins ¢
sacks, in weighing, lling and levelling. Beating of the cioth produces asbestc
dust, the amount of which is largely increased if the filling comtaiang asbestc:
The work is largely done without regard to the necessity for suppressing dus:
All benches are eatirely opea. Localised exbaust draught is not applied.

Oos firm have improved coaditions considerably by ths following pre
cautions :—

(@) Keeping floors and benches «:mp and spxjadying covers befor:
ing. Hoss connections and spray fitiings ars provided.
Sub-division of department ioto ssveral independent workrooms.
¢) Exclusion dnrinf filling of all workers aot so employed, thc
excluded warkars p ing to another section. -

{d) Mechanical ventilation of each room by cross ventilation, embedy-
ing plenum mﬂly (warmed when necessary) at one side and low leve!
extraction at the opposits side, the air being changed between 10 and 2¢

(arin.fomm of use, by fllers, of respirators.

These precantions do pot incluus application of localised cxhanst veatilation,

. .. without which mattress Alling and beating must involve some risk of inhalazion
. of dust. For small mattresses, a wide double-sided canopicd bench tith exhrust

dranght applied at gratings along the centre line might be nsed, the filling
material being supplied within the canopy. Snth a bench may not perhaps be
practicable for the making of large mattrerses but the. pommbility should Le
espiored. Othorwiss at feast the precautions referrcd to above should be
adopted. :

(4) Brake and Cluteh Linings.

Bef--ro Leing impreguated, the dry asbestos cloth, known as ** grey,'” may
be calens red a8 aquaring niile and in all cases the ails are cased out Lo sepi-ate
the 2 Jitlle, s ensuring . :rough treatment by the liquid. .\ little dust is
producel in tiwe gperdions Fub irsuflicient to remder spevial precauticnar
memntires e eraaey.  Otler pregaratory work on “ grey ** arises in the miki
of special linings. Lengthy of cloth are lightly homu--red to riug shap-
templates, then cut with chiscel or sheary and the radial «iges sewn tgethe
wire-stitching machine, as naed in bank-binding. Thue avurs in hammer’
stitehing. W\ canapisd lench fittal with healisd exhaust armagencns
providal il the nschine acal uder exhaust draugii,

)
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Dry impreguated wmaterial is shapal and finishel mainly by power-driven
machincs, ¢.g. knives, cirenlar and guiliutine, cutting presscs, hydmulic sjnecziny
prosses and band sawa.  Cutting aud sawing expose euds of wire awl leave rouglh
edges; trinming and smonthing, done ou krinding wheuls and linisl.crs, are
pecossary to ohtain exact tize and finish. All the eperations, except squeezin,

nco waste, and dust is created in some. Tho dust is heavy and sticky and

likely to fly about than dry ashestos dust. - The amount is considerable at
sawing and grinding machines and localised exhanst dranght, {+ remove it, has

* been applied—in somc cascey with much suceess—and is alwayr necessry.

Inverted hoods are fitted at band saws, just below the talles, the dust being
drawn through the small openings in the table guides. A powerful draught is

.essontial

Grinding and finishing wheols include, in addition to ordinary single-disc
machiues, two-disc and vertical spindie s:gmcnt.al grindors, vsed for flat linings.
The hoods by which the draught is applied to all these types are similar to those
applied to tho same machines when uscd for metal grinding. The position is
similar as regards linishers, 3 hood being fitted in line with and at the back of
the band. A beflls plata to prevant dust being carried past the hood by the high
linoar speed of the band is a necessary addition.

Special linings and anti-friction Lushes are moulded from disintegrated

" impregnated waste. Some dust is created in the filling of moulds and cfficient
localised exbaust draught may be.necessary. The articles are shaped and finished °

as just described. Bushes are turned and bored in lathes, with production of
waste and dust, but exhanst dranght is not at present applied though possibly

(¢) Packing and Jointings. - :

ine packing is cither (a) ** cloth * packing built tp from cloth, usual!
nbbﬁn‘;:m ed oq‘both sides, bandling of whi douupnof. cause dust, l.n(}i

(®) ™ rope "’ made from yarn, at braiding and plaiting machinery, as

- used in textile factories. (a) Negfl:ixble a1ounts of dust may arise at the

spreading wachine, from the un cloth, and, in buildiag up, from matcrial
proofed on one side only. (3) ** Cheeses " of yarn are first rewound on bobbins
for the Lraidiug and plaiting machines. Simpi- winding mechanisms arc ueed.
Some little dust is pmduceg; special preventi.. measures will usvally not be
Decassary. .

Flat packing, known as “ gmmct." is made, on & small scale, fromn asbestos
yarn, threaded on & needle and wound in and out by band, as balls of wool are
wound. This apparently insignificant process causes sulfiicient dust to cover in 3

. ghart time the bair dad clothing of the warkers and should be dous at a canopied

bench provided with localised cxhaust arrangements.

(D) Asbestos-covered Ilectric Conductoers.

- Elesetrodes.—=Electrodes are sither mp?ed with yarn, the unal metkod,
or passed through paste containing asbestos fibre, yarn being wrapped upon this
coating. The former method is usually achieved by a small ?:igb speed stranding

. maching ftted with a flier carrying ths spools or. bobbins of yarn, the ‘wire

travelling axially through the flier. Treatment with consolidating linuidl,

~ straightening and cutting to length follew, all done at the stranding machine.

Alternatively, singlo clectrodes may be wrapped br a simple winding mechanism,
band-operated or power-driven. Paste-covered electrodes are also made singly
at smg 1 ext-uding machines, & flier jor feediug the yarn being fitted behind the
sxtruder. .

After drying, a short legth of the covering at ong end is ground away,

lenving tic bare metal recessary for making clovtiical cantact in the holder, -
%

when in use. . Small abrasive wh vl=, almest entirely encinad, are usal.

Small amounts of dust am projected from fliers, though iusaflicien: prob-
ably in require the aduption af special prvautiona.  Much dust is pn\xlutﬂl
in grimding euds and eflicient exhauxt ventilation is ceential; present apsgutratus,
where prrvidied, is capable of improvement.  The prsaaw wonhl las Unusessary
if bared ends were left in manufaciure, awd expuerinnnts dinvted to this desimbie
ond an: heing, masde aud give promise of success.
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Prepartory proasmes in paste making include (1) dey grinding of filerized
asboestuy iy sl verticnl dise grimdingg winxis, Jed at Llu{ wbre l:\ml i hiopper
- above amd diss hargd P the periphery into s bos below, and (i) haod wising
of the grouml naterigls 2t a.bench, involvimg emply ing out of dry mateeial juto
Dust’is produced, e amount being considerable in grdiog. it
precaution is taken.  The processes might be acaunpli.died unider glinsst entirely
encloswl comditivus, clicient exhaust draught beinyg applicd at poiuts where
dry material is exposed, c.g., in feeding. . )
Rewinding of yarn is somctimes oecessary and primitive arrangements way
be used, the practice referred W ou page 24 Letuy fullowed, and as 3 cousiderable
amount of dust is produced, the practice should Le given up.

Cabls a.:d |. iring.—Asbestus-covered cable and wiring constitute a small
of' the output of the cable factorics. The yarn is braided aud plaited

" on the conductors at mach.ues, not resceved for ‘‘ asbestos ™ products, similar

to thowo ‘Prwic_maly described. Rowinding of ** chesses,’* as receiver’ from asbestos
textile factorivs, is dono at universal winding machioes. The amount of dus:
_evolved is small, and special precastionary measures ars appareutly oot required.

Ficld-rail Wrapping.—TField coils for electrical machinery are wound with
ashestus tape by hand at ordinary work benches. The process does not give
riss to appr viable quantities of dust.

(g) Miscellanecus.

MHouldsd Goods.—Soms electrical insulating fittings are moulded frouw

- varnish-impreguated fiberized asbestos, prepared after thorough drying in o
mixar aud yrouad in an edge ruuner.  Alternatively, iinpregnated scrap, ground

in a rumbler, may be used. The preparatory processes on dry or practically dry

are intenmnittent, and iovolve sack emptying, shovelling, weighiog,

filling and er ;&nying shallow trays. They are cu.ried on in an open manmer

without special precautions except that as regards grinding, hanging curtains

may bo used at the edge runner, aud the scrap rumbler is euclosed. Dust is

. evolved in the processes mentioned and localised exhaust ventilation should be

applied to effect its removul, with, in addition, effective enclosure of some band
work, c.g., emptying of trays into machines could be done inside a cabinet

rovided tith internal arrangements for securing the trays and ag external
Eudh for turning them over. Localised exhaust may be uecessary for fual
trimming if doue at abrading whesis.

Moulded articles made in other trades may coutain but a small proportion
of asbestos, aithough a large quantity may be used. In one case the asbestos
is sieved aftar drying, both operations bcxné done in encloscd wnachives, and,
in addition, dry mixing, done in rotary ges, and paste mixing, on ope.:
rolls, as in rubler , are also required. Processes carried on with some

" risk of exposure to dust include emptying of sacks into bins, filling of trays

far drying, feeding at the sieve elevator hoppers, the dry mixer, and the rolls.
Localised exhnust is agglicd at (a) ths elovator hopper, (b) the storage chamber
sbove an intermedinté bagging point, (c) the dry mixer, and () the rolls. More
oficient arrangements appear to be desirable for (s) and (c); the feeding of the
elsvator migh: be doue under enclosed conditions if a cabinct as mentioned above
were provided into which the trars could be inserted. Localiscl exbaust is
pecessary at storage bins. Final trimming of rough edges is done under eficient

" exhaust draught.

Otlicr processes of comparatively minor importance. e.g.. asbestas putey
mixing, in which there is handing and fecding of dry material in preparatory
provesss, will eall for privantions as previgusiy described for similar work.

4.—Sacxs.

In a fow au;ea sacks of saileloth ar other claselvy woven material are used
inside the factories.  Such xacks are much ta lne prefermmd to thoeae made of the,

]

ardivary material, which is * ieaky ** and gives rise to dust in handling,

8. —CLzaxixc ov Wonks. Mactixery axn Sacx:.

Some facturies are kept in a more cleanly ate than sthers, bue hicher
stamdands and imprved wetleds are deimble generally. Weekly eleaning hy
dry nutluxls is genernl in fentile factories, but is mone cfintively done ia wome
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- is usmally effected :
" warieties, inciiicntal to opening procesees, is also dusty.

3l

cases than in othery,  Caxual clenning may alsa be done during the week.,  The
dust which gathers iu a week renders clenning a very dusty operatiog.  Young'

ers may be.scon on carding machines brusbing dist into the air from the
covers, cte., in considerabie aniount, ncar otine workers.  Some firms bhave
jnstituted more froquent regular clennings and more satisfactory wotheds by-
damping Lefore sweeping. )

Vawuum cleaning methods have uot hoeu adopted and such methods scum
to be regnrded as impracticable, bui thix can hardly be nerepted.  Portable

. ' vacuum sets arc constantly used with grent advantage in other classes of wnorlks,

e.g., electric cable factorics, by adult cleancrs who keep the machines, plant,
service pipes, stc., thoronghly clenn. .

If vacoum methads are not adopted, well organised daily cleauing, by adults,
using damp methods for flonr cleaning, should be the rulo in testile factories.
A water sapply with suitable hose and spray connections shoald be provided.

Débris produced in.asbestos-cemont sheet worls under moist conditions may
become dry and cnuse general dusty couditions. Cleaning shoulil be so frequeatiy
dooe as to prevent this : .

The cleaning nnder machines such as looms aud cards entxils collecting

wasts of considernble value, dooe at present by hand. Vacuum collection should
be possible : in principle, it is already used for removing side twasts at finishing -
cards. The sound principie of collecting enrd waste, through flcor openings,
hag bocn adopted in one new factory, and might be followed in others, with
automatic collecting arrangements. ]
" 8ack cleaning is done in & few large works in enclosed machines, invalving
some risk of exposurs to dust in filling and emptying, notwithstanding the
provision of localised exhaust ventilation. A type of “ exhansted ” ma-ine
which does not involve such work is to be preferred.

8. —=SUMMARY AND REcoaMgxDATIONS.

Asbestos factories and workshops cover a great variety of processes. The
premises differ widely in structural features and are congested in many cases
with 1wachinery or material. Procssucs are largely carried on in clese association.

Pn;t is produce:! at many kinr - of machines, in hand process work, and in
e

. simple incidental operations, particularly in emptying settling chambars, and in
nngn asbestns. v Pig B .

dling of * fiberized * ‘
In textile factories, purs asbestos dust is continuously produced, in diffesing
amounts, at all the principal machines. Card stripping, a very dusty operution,
band strickles. Hand mixing of dilierent grades and

In pon-textile factories, pure asbestos dust in produced at opening machines,
in feeding machines, in making insulating mattreses (a dusty hand proce s), and
in ineidental hand work. Dust, though rarcly pure asbestcs, is produced in
fnishiug operations, ¢.g., sawing, grinding and other abrading of asbestos

. The appropriate mathods for suppression of dust wuay only be fully deter-
& :ned when the harmiul eflect. of comparatively low concentrations of asbestos
dust are duly sppreciated.  Viry dusty processes will not fail to be recognised,
but in " as spinning and weaving, in which in other textile trades
special mothoxdy for dust contnil are not required. due precantions are also neces-
sary. The asheston manufacturers are clearls confronted with the necessity of
attaining canditions in their industry which will ensure much loes dust in the
atmosphete than ean safely he tolerated in mauy comparable trades not using
anlwstos. .

The principal methnds for the cntrnl of dust are:— .
(a) application nf exhaust draught at dust.praducing points:
(5) mabetitution nf enclosed mechanivul methads for hand ennvevance.
and for dusty hau) wark generally: -
(6) effeciive enclomnre of dust.producing machiaes and plant;
() anledtitntion of wet methads far dry.
'
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. Each of these han itx particular sphiere of utility, and the particnlar indic-
tions for their adoptiou are put forward inter alis in the reeomendations lelow.

RECOLIZIENDATIONS.

(1) Application of Effcient uum;u:mm Vaatilation at dust-producing

’ £3.

This measure, of the greatest importance where manufacturing and tocidentat
proceuscs occasion cvcape of dust oot controlied Ly enclosure or other measures,
18 novcssary for :— :

(a) Dus:-producing machines, e.g.— ' :

(i) Crushing, disintegrating, teasing and other openiug
mnchines; sieving machines; fibre grinding machiuey; dry mixing
machines; rolls fed with dry mixings.

" (ii) Curding machines (to suppress dust from cylinder and
doflers, caused by stripping and grinding, in addition to that pro-
duced by carding); card side wasts exhaust machincs; looms for
dry weaving; pping and grindiag machizes; other textile
machines, if the dust evolved renders this pruventive measure
necessary.

iii) Sawing, grinding, trimming, polishing and othér abradi,
e ey A o, G 4ot sbrading

(b)ll'udifx:r,:‘i agd delivery elft.ticu. or other eoltreyon. flt ma:.hinfes or
other plant; rs at elevators; bagging lattices; feedin d
uural at wet mi:}t’ll:mchinu. | g of ey

(¢) Cbambers, containers, * cyclone " hoppers. or otber enclosed space
into which fiberized asbestos or mixtures containing it are delivered, or

.(l) Work benches, ¢.g. for mattress making, waste sorting.
(¢) Various hand operatians, ¢.g., sack emptying and filing, weigh-
ing, mixing. :

- This is the princi%a.l measure hitherto adopted, and is probably that most
geuerally applicable. It has beea applied to some only of above machines,
and agpli:meu, bat wot to hand werk. The methods of applying the exbaust
dnnf t, and other a- ocinted factors, are becoming more efective, but there
are {sw fully satisfactory plants. Special difliculties remain to be overcome in
soms cases, ¢.g., looms, mixing, mattress making. If not surmounted, an

. altarnative, viz., general ventilation of a bigh standard applied 30 as to dravw the

dust-laden sir away from the worker, should be provided.

(2) Substitation of enclesed mechanical methods for hand coaveyance, azd for

dnsty hand wark gensrally.
{a) avoids depositing matarial in chambers, intermediate filling and
emptying of sacks or skips, hand feeding of mc}nncs. and other incidental

) pcr.mits of Anal Biling and weighing. onder the least dusty con-
ditions, of materials for dispatch; : ]
(¢) renders exhaust draoght more offective, or, in some cases,

~ unnecemary. ..
it is already emploved to some extent. and its further application, whercver
powsible. 2 greatly tn be desired.

) iﬂkﬁn anclosure of dust-prodrcing machines ind plant.

(v) To prevent o-ape of dust nat contrnlled by eshamt.d!:.mghl.. or
&) o rr:n.lc-r its applivation woe oflicienl.
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. (4) Substitution of wet methads for dry.

To reduce the duxt given off in ecrtaln processcs and work, ¢.g.,
" (8) a cousiderabic amount of weaving; . .
matiress making, by wettin, thc eovers before filling, and by frequent °

'uh(:)g of Ovors and begdwyl. § ¢ v

(c) final sawing, and ather machine chcsses. in admt.a—cemcnt. sheet andd
tils factorics, bolory Lic prepared waterial has had time to dry;
" (d) works’ cleaning, by damping flonrs and benches, befors bmh.ng or
swespicg.

This measurs mxght be adopted to a greater estent than at prscnt.

{B) Elimination of cartain dust-producing appliances. ,
Certain appliances are used in a fow works, sometines with a wcasuro of

. precaution, but which emit much dust, diflicult or mpomble to control by eficient

enclosure or exbaust draught. They should not be retained unmlcss effectively

(@) upond doffer brush at carding maclnna,
{3) eard side wasts exhaust machines,. delivering under pm
(o) cartain willeys and teasers, particularly old machines.

Abandonme:} of Settling Chambers {n Marcufacturing Processes, to the
@ . . utmost extent. . '
(1) EZectual separation of procasses to prevent un' :czssary exposure to dust.

New factories should be laid out so as to avoid expesing workers to risk
from processcs upon which they an: not engaged. In particular, there should

_ be effectual scparation of—

(a) opening, carding and weaving, from each other, mdfrm.ny
process;

(b) +pinging, doublmg. plaiting and similar processes, from work
2ot cousing dust;

(c) mattress m.kmg from-all other work;

(d) chambers, containing fiberized .. bestos in bulk, and dust ct.lxn"
chunbcn and apparatus, from any workroom.

The separation of mattress making should be adopud in existing worlu

) ud other ssparation referred to, as far as pra

Wide of dust. machines in factorias
@) Wida spaciag of ¢ustproductag 2w tactories and, a8 far as

. This measure would bring ahout permanent reduction of dust concentration
in the air of the workroom as a whole, and provide improved cleaning facilitics.

. (%) Uss of sacks of close texture matarial for infernal work.
(0) EScient cleaning system with wids use of vacunm methods. (Sec also (4).)
{11) Storage of asbestos and other goods to be outside woricrooms.

(12) Exclusion of young perseas from specially dusty work.

Yute.~Dartivular preventive ineasures of a medical nature ane refernd to in
Par [, where abw the limited vale of ruqnnumua salesquinl in this industry
nbﬂ- Ay dln-\uu-l
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