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The Right Hon. J. fi. Cr.Y:-iES, M P, 

His '.\faJcsty's Secretary of Sto.te 

for the Home Department. 

HOM'! UFPICI!., 

litk J!arch, 19:30 

Sm, 

I submit herewith a Ueport liy Dr. E. R. A.. Merewethcr :1nd '.\fr. C \V. 
Price on their inquiries into the health conditions ot the il.Sbestos industry. Dr. 
Merewether's investigations on the medical side nre of grent scientific vnlne 
'fhey establish the facts that the inhalation of :isbestos dust over a period ot 
years results in the development of a serious type of fibrosis of the lungs, that 
the development of the disease varies in direct proportion to the length of the 
exposure to dust, and that susceptibility to the disease is not a!tected either by 
age or sex. 

The remedy for these conditions is to be found, as in the ~nse of so many 
industrinl diseases, in the 1uppreseio11 of dust. The second purt of the Report 
indicates th11.t this point hu only recently been appreciated. In the non-textili: 
section of the industry, no serious difficulties arise :i.s regards the application 
of exhaust ventilation. For the textile section, it is evident thnt n good Jeni 
of experimental work will hlLYe to be carried out before complctclv successful 
ventilatin1t appliances &re eYolYed effectively to remoYe nil the <lust.· 

I li&ve the honour to be, 

Sir, 

Y(lur obedient Servant, 

GERALD nELLHOUSE, 

H.M, Chief Inspector of Factories. 
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Report on Effects of Asbestos Dust on the Lungs and 

Dust Suppression in the Asbestos Industry. 

PART I. 

THE OCCL"RRE:,fCE or Pt:L::-.IO~Alff FlilH.0::iI::i .\SD OTH£1( 
PUL::-.IO::-;ARY AFFECTION;:; Di a\.60Ei:iTOi:i \\"OIU\.EH..:: 

1.-l.NTRODUCTlON. 

This Report is based upon. the da.ta obtained iu an ~i.:teu:.ive investiga.t.011 
during the years 1028 a.lld 1029. The 1nqu1ry was m1t1a.ted by the F:i.ctory 
Department of the Home Office following the discovery m Febru,uy, l!l28, "c .i 

ca.se of ni>n-tubercul:lr fibrosis of the lungs in an :i.sbestos worker, of suff1cic11: 
sevl.'1·ity to 11eceuitate treat111ent. in•hospit.a.l (Seilcr's Case'}. 

l'rior to this, this Department b&d knowledge of only t.wo deaths of :i.sbestos 
workers, about whom there was expert opinion that the in.rui.lat10n oi asbesto~ 
dust had at lea.at contributed to, if uot caused, the fatal out.come. The first oi 
these, uow referred to as the " Montague Murray Case," occurred in 1900, 
but all that ia known collcerning it is contained in the evidence given by Dr. 
Montague Murra1 in 1906, before the Depart.mental Committee on Compensation 
for ludustrial D1seasea•. In this case poat mortem exa.min:i.t1on confirmed ttu: 
clinical Jiagnosia of extensive 11on-tubercular pulmonary fibrosis. The si:cocd. 
(Cooke', Case") occurred 1n 1924. Here, although Cooke' :i.ud Stuart McDoua.lci' 
were of the o_pinion that the lungs showed a progte$1iive dust fibrosis together 
with a chronic tuberculoua infection, the etiolog1cal rel:i.tiouship between the 
inhalation of :i.sbestos dust and fibrosis of the lungs would ha.ve been strengthcucd 
by thu a~nce of a tuberculous infection. 

An early survey of the industry in 1010-11 by the Dep:irtment did not dis­
close auy evidence of the existence of a. serious health hazard in the industry, 
but some: experiment.a on :inimals conducted in 1012 by Professor J. ~!. De::i.ttic 
of Sheffield University for the Department showed that the iuh:ilation at' isbcstos 
rlust will cause a mild degree of fibrosis. 

When, therefore, inveetigatiou of Sciler·s Ca~ :.hawed that oLher industl'ial 
a.nd infective cauaea of fibrosis could be definitely ei.:cluded. the nccesSlt\' o:· 
decidinlJ whether the supervention of this disease in :in asbestos worker wis an 
exCl!ptioual occurrence, or evidence of a. grave hcalLh risk in the industry, w:i.s 
apparent. and the inveetiga.tion referred to wa.a undertaken. 

2.-Erncn or JlU\lTA.NT Dui:;T UPON TK& LUNG&. 

The moat il:,port.ant local cffect.e which ma.y follow the inh:i.la.tion of dust 
include pulmon11ry and bronchial catarrh, lllithllla., brouchitis, fibrosis of the 
lungii, and secondary changes, such a.a emphysema, local or ditiu.se. These 
chan~cs iu the lungs, which ma.y bo looked upon as a. melllurc of the efforts of 
I.ha hving ti111ucs t.o repel or iucarceraLc the irritant ~~rticles of dust, necessarily 
Cll.WIO interference with the genera.I efficiency of the lungs. The impairment oi 
fuoc~ional capacity :m&Y be 11light or i!Cvcre, and temporary or permanent, de­
pending on the variety of dust, and on other factors, such as conceutration 
of duat and length of expo&Ure. 

Moreover, individuals whose lungs have been :i.ffected :u the result of the 
inhalation of some dust.a, sbo_w an increased susceptibility to the supervention 
of respiratory infect.ions, such as tubcrculosia or pneumonia_ 

Fibrosis of the luugs is recognised to be the most important lesion cau~,;,:.'. 
by the iuhalation of dust, and th!' proneness of workers w1Lh a. ctust fibrosis to 
be affected with pulmonary tuberculosis has been shown to be the main c:i.use 
of the increased mort:ility rate from the la.tter <lisc:i.sc in cert:un dusw occuo.1-
tioos. · · 
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T~ 15 triaJ-exposurt! to Ju:;t, hbrosis oi :he lungs .. lnd high mortali:y rate 
:ram nulmooa.rv tuberculv:,1s-was found to be common to :1. ~umi.Jcr ot la_rge 
and 1111portant 'industries, and in ail oi them the dust incriminated '<as tree 
crvstalline silico. (SiO,). 

· These feo.tures were not observed, however, in other industries ,n which, 
while there ,v:l.S e,cposure to Stliccous dust,. the sdic:i. was founJ to ,exist 1n the 
:::;.~ined form :is a silicate and not in the tree conJ1t1011 

Thus shortlv free silica c:,,me to be re,.:irded as the pre-eminent cause 
of indust~i:il fibrdsis oi the lungs :ind o.s a ~1ut:ible iactor 111 the produci1on 
of the excess mort:ility r:l.te from pulmonary tnberculos1s in certain 1nJustT1es 

Whilst the pulmonarv librosis produced by free silic:,, (Silicosis) h:,,s been, 
and is being, minutely ii1vcstigated, the potentialities, :is fibrosis producei·s, 
oi dust other th:in free silica have not been fully explored, although 1t :,,ppears 
certain that some other inorganic dusts can, and some c:innot, p reduce hbrosis 
under the conditions met witb in industry. 

Th:,,t a serious, even fa 141, degree of fibrosis. can be produced by some 
of these other dusts has not been generally apprecu,ted, although &dham 1n 
:i. thoughtful paper• h:l.S dr:iwn :iu.ention to this point, in reporting a fouil c.'\se 
of pulmonary fibrosis c1Luscd by dust of an orthoclase bas:Llt contain mg no free 
silica. 

The Nature of A sbestos.-The fibrous miner1Lls commercially known a.• 
asbestos fall into the l4tter group, the silicn being combined with metallic bases, 
mainly magnesium or_ iron and, to ~ leu extent calcium, sodium o_r aluminium. 
The term is a collect1Te. n1Lme applied to " .v~r1ety of silicate minerals_ which 
di!Ier from each other 1D chemical composmon and physical properties but 
resemble one another in their finely fibrous n1Lture and flexibility. Their v:ilue 
depends on the facility with which they can be split up into long n.nd flexible 
fibres for spinning and wenving, on their resistance to he:it and acids, :i.nd on 
their insulating properties with respect to heat :ind electricity. V ariet1es oi 
a.sbestos possess these chara.cteristics in diftering degree. 

Practicnlly speaking, all that goes under the name a.sbestos in commerce is 
either fibrous serpentine, or a fibl'Oll9 mineral of the hornblende group, oi which 
the most important &re crocidolite, amosite and tremolite. Serpentine asbestos 
or chrysotile is essentially & hydrated silicate of magnesium, containing littl~ 
iron and pr11Cticnlly no c:1lci11m. The hornblende varieties contain less mag­
nesium and usually more calcium, alumini11m and iron-<:rociclolite and amo•ite 
being m1Linly silicat.es of iron. 

3.-Sr.OPI or TIii I1,·,zsTICATION. 

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

The manufacturing processes affected fall more or less sharply into two 
groups (1) thoee in which there is e,cposure to pure asbestos or :isbestos mi,ced 
with a very small percentage of cotton or other vegetable fibre, and (2) those 
in which there is expo&ure to a mixture of dusts, of which :l.Sbestos 1s but one. 

The former group comprises, in the main, the textile branch of the industry, 
a. branch manulacturing insuLo.ting material, from practically pure asbestos, 
and some preliminary prooc,ses in other brl\nches. 

. The latter group includes a numbel' _of processes_ in whicli the proportion 
~t ;1sbestos u, the_ dust evolved ranges ll'om a negligible quantity upwards 
:,,mce 1t 1s impossible to ev1Lluatc the cftcct on the lungs of mixed dusts, of 
which asbestos dust 1s only one component, until the action of nsbestos dust itselt 
w:is determined, the ex:imination of workers for the purpose of this enquirv 
w:,,s restricted to workers employed. in processes included in group (1), 111 other 
word,, to workers a.s ne:irly :is possible exposed to the influence of pure a.sbcstos 
Just. Furthermore, the effects of previous e,cposure to other 1rr1t:int dusts 
rnch n.s that of free silica, had to be excluded. ' 
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The Popul.atitm at Risk.-The gross cumber or' ,vorkcrs ·.,·ho ::::i.,· ~~ 
exposed to the inhalation oi a.sbestos dust to any extent 1:; uuimown. ,me.. •);, .;;.: 
to the great variety oc processes concerned, there are insuperable dllT.c •. a,;~s ::. 
a.c;certainiog this figure. ~or, 111 fact, would enlightenment on ti;.s ~o,;a ;;e 
of'any particular .value. · 

[t is otherwise,_ however, with respect to the ligure rcprc5ent1ng the ,:umber 
constantly exposed 111 the course of their daily work to the influence of pure er 
almost pure asbestos dust. :Some information on this point is ver_v ,:i~s,;·.:i..;,,:: 
to check the adeq_uacy of the sample of workers examined . .intl to ~:,, ,,:i.~c the 
problem confronting the industry. 0 

Whilo only a rough approximation ii; possible, 1t i:; beilc\·cJ that al.lout 
2,200 is the _present_ number of persons in_ this country c:.:posed m their d.:l1;v 
work to the inhalation of asbestos dust, either pure or adm1xcd with a ;n:.i:: 
proportion of cotton. It should not be overlooked that tills figure dee,; ~.:: 
include the considerable number of workers exposed to the influence oi mixed 
duJts of which asbestos is but one, a.nd commonly not more than :W pcl· -:~1.;. 
ot the mixture. · 

Of these 2.200, the sample examined numucred 303 (excludwg 11 :·or 
reasons 1·eferretl to lat.cr) or 16.5 per. cent. 

Selecticn of Work,ri for Ezamination.-Thc selection of workers ror 
examination was not left. ect.irely to chance, since it was e.u-ly evident that ~::e 
proportion of th~ employed 10 years and upwards in the indust_ry was very 
small; therefore, 111 ea.eh factory those longest. employed were prcrerred. ~ioce 
the impor~ce of including a sufficient sample of this group is. evidcut Hcgard 
wu a.lso paid to the of.her end of the scale so a.a to obtain mformation as t,,. 
the leogtli of exposure t.o dust neccaary before effccti. arc ma1uici,t-,J, and .:l•" 
to the particular process on which the worker w;is cugaged. 

By balancing the component. groups of the S4Ulple in this way a.s the 
enquiry proceeded, it. wu felt that. the maximum inform.ition would be obtained 
in the shortest time. 

It. follow,, therefore, that in respect of length of e);posure to asbestos dust. 
the component groupt of the sample do not bear the same relationship to each 
other a.a the correapooding groupt of the industry under review. The sub­
joined Tables will make t.hia clear. 'fable 1 shows the distribution according 
to length of employmeDt. (not nec:essarily in one factorv) of i7J workers, :he 
t.ctal number en~ on t.hoae processes in several factories. Table 2 shows the 
sample of 363 woran distributed in the same wa.y. 

Till.& l. T411Lli: 2 

Y .. n Number. Pen:ent.1o1• Y11on !ol ·•muer. Porcon~g• 
1mplo711d. o1 Tot.61. ·aiplo7ed. of Tot&l. 

0-4 ua Ol·:a o-t 88 ~~-~ 

11-1 100 .... ~-D IU J8·8 
10-U II •·• 10-1" ... 94 U·t 
II-It u 3 · I u-10 28 7·7 

10 nd oYer IT :l•I 20 &nd o••• 21 ~-8 ---------
Tot.loll 77! 100 Tot.Iola JGJ :oo 

The ~oormous preponderance numerically of workers employed under five 
ye:i.rs is striking, aa a.lso is the very low pcrcent.ige of workers c111ployc<l l ,) 
)'IJU9 or longer. 

Comparison of the two t.ibles shows that the effect of the method of ~clc:­
tion of workers for eumina.tion is th.it. the number examined in ea.eh suc.:essivc 
6v~ yea.rs employment. group is a progressively grea.tcr proportion oi the tota: 
nmuber which could have been examined in each particular group 

.I. I 



\Y:th u. ::iOlitary exception all those cx:1.m1lled were J.t. work un the c.l;\y ,}t 
1.::-c~mrn:1t1on. 

iii, Clinical £':rumination and :;iandards udoptecl.-The nature .,nd 
?Urpose ot the 1nqu1ry were expla111e<l to each worker wl,otn 1t w:i.s proposed 
to examrne, ind1v1dually, :i.nd his or her ,o-opernt1ou. obta.ne<l. L.1ch 111-
dividuul's previous industrial history, ,ub,1cque11t to leaving school, w:i.s no1e<l 
ia det:ul. This wo.s essent10.l 1n order to ex dude. espec1allv. tl1e d!ect of prc­
v1ou:; work 10 any of the numerous pr01..·e::&.-1e:1 mvolvrng ex~osure. to trt'!e :;1L\1.:;.1 

ciust, and, to o. less extent, the eJTcct of other dusts. Sim1larlv, the 111• 
ciividual's medic:i.l history was scrutinised from childhood onw:i.rds, to ·ueter111111c 
the phys1cnl level on entry into the industry :ind any subsequent cl10.ngcs 
Particulnr attention wo.s po.id to o.ccount.s of pulmonary ailments, some or 
1vbich, like asthma nncl bronchitis, arc common enough amongst the ,;cueral 
population, yet are o.lso non-specific signs of irriution cau.sed by the inhalation 
of dust, whilst others, like inlluenza o.nd pneumonia, are occo.sionally followed 
by a degree of pulmonary fibrosis. War service, if ,my, wo.s gone 11,to, especially 
as to ·,vhether there was o.ny history of the worker hnving been n gas c:i.sunlty 
a.t any time. The family and personnl history in respect of pulmon.~ry tuber­
culosis was enquired into, and also as to any close &SllOCiation with known cases 
cc this Jiseo..se in friends or relatives. In o.pproncbing the pertinent mbject 
of symptoms, great care was taken to avoid lending questions, especially 1n 
dicitin~ information 0.t1 to the exi•tence of any undue shortness o t brenth 

The actual details of the physico.1 cxa.minatiun do 11ot call for c·ornment. 
inasmt1ch o.s they followed the usunl lines of a detailed examin11tion of the 
chest, with observations of the genernl henlth nnd of the condition of the upper 
air passages. 

lteference must be mo.de, however, to the sundard of normality adopted 111 
a:;scsstng the sute of the lungs. The appraisemcnt of any departure Lrom the 
normal neceuarily pre-supposes the extstence of such ;\ standard. E v~ry 
clioician has atta111ed, as the result of experience, his owo clear conceµt1on of 
Lhe oormo.l chest, but it is not often tho.t be findJ it necess:irv to dctine tl11s 
state in so many. words, in fact it seems scarcely pouible to do so, and this t'ur 
•everal rea.sona; the heart nnd lung,i function efficiently within wide limit• ot 
applied strain, and, o.lthough vestil(es of past disease mny be present and 
:.pp&rent on examino.tion, they will be unimportant if they will never tax the 
organism beyond tbete limits, are non-progressive a.nd do not predispose to other 
disease. Age it.aclf ho.s reco~niS1Lblc efTectA. but ror this ren.son "lone, the chest 
cannot be considered :ibnormnl. 

There is obvioU.1 displLl'ity between th~ stamlaru of physicu.1 litnc.s requiretl 
for an air pilot and that required for life insurnncc u.t ordino.ry rates; 111-
divirtuals reaching either sundard can be cluaed iu" normnl," yet mrrny attai11-
ing the latter stando.rd have never 1\ppronchcd the former. 

Thus, within limits, varioU.1 ~rauation• of normality may be distinguished, 
and corrcspondng stando.rds constituted without im1ccurncy, the precise stntus 
n ♦' any standard being determined by the purpose for winch it is established. 
For the purpose of this enquiry the sundard o.doptcd hn.• been that evinced 
in aoy large group of persons living under similar environmental condit1ons. 
apo.rt from work in dusty occupations, M those of the group being considered. 
This is neither a high sto.ndo.rd nor a very low sto.ndo.rd, but the average stan­
dard of normo.lity displayed amongst the industri,'\l populntion of this 
couotry. 

R,uiiogTaphic E:ramination of tli, J.11n9•.-Iu addition a careful rndio­
?(raphic examination of the chest wo..s mnde i11 many (133) cases, the necessity 
for which in investigations ,nto the ettects of dust upon the lungs has been 
emphasised repeatedly by various authorities. It was not, of course, feasible 
to obtain techoirolly sufficient mdio11:rams of all the workers examined, derived 
.'\c:i thev were from factoric~ ~cattered over the country, 9ome in digtrict!; remote 
:,.om ~ radiologicnl centre. The mode of selection was dictated bv the needs 
oi the situation. with the ob1ect of elucidating material points ~ermane tc :he 
investi12;ation, e g. the elucidation of complico.ting affections, 1n measuring :!"-,e 



extent and progress of the lesions and locating the point at which the car! :est 
radiographic signs appear, and f.11allv a:; a check u?on :he hurr.an :~ctor 
prescuted bv the examiner himself. 

4.-RESCLTS OF THE 1:<Qt:InY. 

To ant1c1pate. exilmination of the data collected in this invest1g.,t10n leads 
tn the conclusion th.at the inhalation oi asbestos dust nver a oeriod oi vears 
results in the development of a serious type of fibrosis of the lu::;;s. -

Asbestosis--the Pulmowtry Fibro,z, Of .{sbcstvs Worken.-It ;s ;1oip:'ul to 
visualise fibrosis of the lungs as 1t occurs 1n asbestos workers as the siow ;rowt~ 
of fibrous tissue (scar tissue) between the air cells of the lung where,·cr :~e ::;­
haled dust cnmP.S to rest. While new fibrous tl5sue 1s being laid down '.1'.,c .1 

spiders web. that deposited earlier ;;raduallv contracts This fihrnus uss"c 
is not only useless as a substitute for the air cells, but with continued 1nhala"1c:c 
of the cauS:1tive dust, by its invasion of new tcrritorv and consolidation oi tha: 
already occupied, it gTaduall_v. and literally, strangles the essential t:ssues cc 
the lungs. 

In common with other essential organs of the body the lungs :iave a large 
reserve of tissue for use in emergencies and to permit of a d1minut1on oi 
functional capacity due to advancing age or disease. For this reason, and 
because librosis of the lungs is essentially a local disease, it 1s only when the 
fibrosis progresses to the extent of obliterating this reserve, that undue short­
ness of breath on any extra effort draws the worker's attention to the fact that 
his health is not what it should be. The other symptoms of the disease such 
as cough are equally unll'l6Uming, and are rendily ascribed to some common ar.r. 
trivial cause. 

From this point the progress of the disease is more rapid, since it is no,.­
encroaching on the remaining sound tissue of the lung1, already only just suffi­
cient to maintnin him in his ordinary daily activities. Ultimately, if no acute 
respiratory infection has precipitated a fatal termination, a stage is reached 
when the lung, can do little more than maintain life, and the shortness of breath 
becomes extreme. 

In its main clinical features, therefore, the dise:i.sc resembles silicosis, as 
might he expected. It dif!era from 1ilicosis, however, in the mode of distri­
bution of the fibro111 tiaaue in the lungs, in its more rapid development. in its 
radiological featurea, and, there ia some reason for believing, in a lcssenen 
snaceptibility to the supervention of pulmonary tuberculosis, the liabilitv :o 
which diseue is so definitely an added hamrd in silicosi•. 

Th, A,b.,to1 Bodiu.-In the lungs of thoae exposed to asbestos dust. 
angular particles derived from aabestos,' and spicules of asbestos" a.re found 
on microecopical examination, and also numbers of peculinr bodies described 
by Cooke and Rill' and Stwi.rt McDonald'. They are yellowish brown in colour. 
of elongated, bead-like form, often with bulbous ends. Cooke' and Roadhouse 
Gloyne' independently demon1trated a mineral core in these bodies, evidently 
derived from the aabeatoa fibre. Stewart and Haddow" oove also demom .• ated 
their presence in the sputum of asbeatoa workers. These bodies have not been 
found to occur in any other human affection. They have been found in the 
sp11tum within a compar:Ltively short time after exposure to asbcatos dust. anrl 
in the abaence of clinic:i.l or mdiologic:i.l evidence of pulmonary fibrosis, their 
pr-noe cannot be I.Aken at present aa indicating anything more than previous 
inhnl~tion of Mi>efltoA dust. 

Th, In.cidmc, of Pulmonary Fibrosi, ;,. Asbuto, Wo-rkir<.-The extent oi 
the risk to health a.saociated with exposure to asbestos dust under present indus­
trial conditionA may now be considered in detail. 

Of the 374 workers of both sexes examined, 105 were founrl to have a diffuse 
fibrosis of the lunga attributable to the inhalation of dust. Ten of these, and 
one other in which there were earlier signs of the s.i.me condition, have hecn 
excluded from further consideration. inasmuch that it wa., felt that previous 
,vork in other d111ty occupations, such u quarrying, and con! mining. mav h:i.ve 
been the prime or a contributory factor in the development of the pulmnr.a,·· 
lc,;ions found. · 
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Thu,. 95 oi 3G3 workers, or ::?U.2 per cent .• bowed :i. definite fibroiis due to 
asbestos Ju.-t. All additional :21 were found with prccurs1ve signs oi this dise:i.se, 
::iut these :ire given no weight in the gencr~l conclus_ions, whi,h :ire derived solely 
from examin:i.t1on of the 95 cases of definite fib1·os1s. 

Of the 133 ra<liogropbed. G2 presented radiographic~! ,iJ.,'1U oi a dil!use 
fibrosis, J.nd m :i turther 25 there were suggestive r:id1olog1c::1l changes not 
Jefiniteiv diffuse fibrosis. In 10 of the former group :ind 3 oi the latter Lhi:: 

~h:inges · were possibly 1·cfer:i.ble to prior work in _othe_r dusty oc_cup::i.tio11:; or to 
other cause, :ind they are therefore excluded, leaving ;)2 c:i.ses ot tll)ros1s a~1d :2:.: 
with signs suggestive of Clll.rly ch:i.nges in the lungs due to asbestos,-sutHc1ent 
ra.diological confirma.tion. 

What inferences should be dr:i.wn from these figures ~-Ci:rtainly not that 
26.~ per cent. or roughly 1 in 4 of those at present exposed t.o asbestos dust in the11· 
dailv work have fibrosis of the lung,. As mentioned previously the sample 
!!:<::unined is loaded with a. grea.ter proportion of workers employed 5 years and 
over th11.n obtains in these 5CCtions of the industry i.l.t the p!"esent tune (Tables 
1 and 2 above), and :u shown in Table 3 below the incidence of librom increase! 
with the length of employment. Therefore in order to obtain an approxima­
tion of the geneml incidence ra.te of fibrosis in these sections of the industry a 
correction must be applied on this a.ccount. Applying the rates shown in 1'..i.ble 
J to the figures in T11.ble 1, it 11.ppe:i.rs that the gener:i.l incidence rate of fibrosis 
of the lungs amongst those employed in these sections of the industry is r11ther 
l~ss than 1 in 8, or, excluding those employed under 5 ye:1.rs, r:i.ther less than 
l in 3. 

Further corrections would ha.ve been necessary if the sample had included 
an undue proportion of workers from the more dusty processes, lrnt this w:i.s 

found not to be the case. Also no correction is requirl!d on nccount of differing 
age distribution since, as will be seen later, the incidence of fibrosis is unnltected 
ther~by. Sex hu no effect. 

These general incidence rates :ire convenient merely u affording a rough 
indic:1tion of t.he inherent risk 11.SSOCie.ted with exposure to :ubestos dust at the 
p_resent time.. rhey h~ve DO permanent value either Ill an index of the general 
rISlc of libl'OIIUI m. the industry from year to year, or u a. me:i.su~ of the risk 
in auy _particular factory or group of employees. This must be so since not 
only will the di1tribut.ion of workers in the industry :iccording to proces■ and 
length of empl~nt ,:ary froll! ye~ to rear in acconill.nce with trade develop­
m~nt.s, but the 1ncr~ang ap~hcat1011 _o methods f!)r _the suppression of du.st 
will h11r.ve :i. c:umul:i.t1n effect 10 reducing the fibroS1s incidence r:i.te in futul".i 
years. 

Ef!,ctJ of Ag, and Lni.gt4 of Empl"?/mfflt.-Table 3 shows the distrilmtiou 
of the workers ex:i.mincd 11CCOrding to length of employment, and Table 4 their 
distribution &CCOrding to age, together with the incidence rates of fibrosis in 
each case. 

T ABLI :t-lnci,ienu ~/ Fibro,q.s relati11e to length r,f Emplo•rmenr. 
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Tllese t.o.bles indicate the out.tanding 1n1port.i.nc_c oi length oi. ~inpioym~:.: 
(aud hence length of exposure to dust), a.nd the ncgiig1ble cllci:t-i u, ;\~c. en ~:.~ 
production oi tibrosis. 

Tilus .l.ge groups 30/31) a.nd 50/50 (T.i.ble 4) llave incideuce _ ra.Les at 30 r,cr 
cent.. a.nd 37 .0 per cent. respectively, not. a. wide difference, since the groups 
include workers in various processes expoSl.'<i to different conceULr:i.,1ons 01 dust. 
Moreover, the aver.l.ge length of employment in these two groups, excluding :b.e 
,,ascs of fibrosis, is ahuo1tt identic.i.l, but co11side1·al>ly less th.i.n Lhe :i.ver:i.~-~ 
length for all the cases of fibrosis (13.5 years). 

It appears also from the same Table th:u. no special susceptibility Lo :.:ie 
development of fibrosis is showu by young persons, unless it is considered :::,:: 
the figure of 8.7 years, tile average length of employment oi ~he ca:;es of fibrosis 
in a.ge group 20/20, has been shortened by increased susccpt1bilic.y of a.gcs unci..:r 
20. As, howe,cr, the a.vcr.i.ge age of this group a.t cases of fibrom is 2G.7 years, 
and also because the cst.abluhment of filirosis does not neccssit.at.e immediate 
retirement from work, this is IArgely discounted. 

Column 4 of Ta.ble 4 .l.150 shows a. general irrc.;ula.rity which, in 1~scli, 
pomts strongly to the negligible effects of age in the production at fibrosis 

Turning to the cJJccts of leuHth of employment a very diITerent picture :s 
Sflell. Table 3 shows that after 5 years' exposure, the incidence r.i.tc :nou::t~ 
rapidly, and after 10 rears increases almost in geometrical progression. 

Effect of Work u, diff n-,nt Proccsscs.-There a.re insuperable difficc::~:c5 
in ascertD.iniug trust.worthy figures of the prccii;c inci<lencc of ti.brosis among •• 
workers in particular nsbestos processes. This is the result of the comr:.on 
practices in the induatry of bou11ng many processes in one room, :-.nd of workers 
transferring from one proceu to a.not.her. These two factors, the influence a{ 
dust from neighbouring proceuea, and prior work in other asbestos processes, 
operate to oblcure the eltects due to work in any one process. 

By distributing the workers, however, GCWrdiug to the process in which c.i.:~ 
baa been longest. employed and grouping similar processea tog1ither. it is possible 
to dr:i.w cerbin broAd coneluaions a.a to t.he relative eflect of work in different 
procCIIC!I. tn this way groups were obt.i.ined as fol\ows :-

(1) Crushing, opening, disintegrating and mixing . 
(2) Cllrrling. 
(3) Spinning, twisting, doubling, plaiting, etc. 
(4) Insulating matt.reu making. 
(5) Weaving a.nd a.ssocia.ted processes. 
(6) Miscellaneous processea :i.nd rema.ining unclassified workers 

The outstanding point. brought out in this way is the rcl.i.tively verv :ow 
incidence ra~ of fibrosis in group 3 (termed '' spinners" for convenience) as 
compared with each of the other groups. There is some indication also th:i.t 
among1t. " spinners " the disease takes lon~r to develop. Sturiv of the r:i.dio­
gr:1.ms, also, reveals further indications eonfirm,i.torv of this. '.\foreover. cst::r.;"L­
tions of the dust ~ntcnt of_ the 11ir in the nci~hbourhood of these processes :i.nd 
in that of others 1D the v11nous ~roups show that the evolution of dust in ",m.:n 
3 is also relatively low (Table 5). 0 

• 

n,, 
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In fact. :he historv. :i.nd the medical :md ra.diologic:i.l features ot the c.L,e, 
.;i ~":;rcs1s, together w,-th the r.esults ot compari:;on of the dust counts, :i.11 .:oo: 
:ribute in some degree to the view that with compnra.t1vely low: concentrat-1on ot 
dust in the neighbourhood oi a P,roccss, _the 1·csultmg c:i.scs at fiuro~,s nmongst 
the •,vorkers in thnt proi:e,;,s ,\re ,on!;er m tlcvcloping nnd rem:i.!n ,oniser in -i 

?:11ldo!r ;tai;e. It follows, therefore. th:i.t in such ca.ses the _rate o_t :iccumula.t1on 
oi dust in the luo" has not "rcntlv exceeded the r:ite at ehmmat1on, .i.n.i :i. 
:':.ir:hcr point of g~a.t practic?il importance emerges, 110.mely, that in order to 
prt-vent the full development of the uiseJUC amongst :i:.bestos workers within the 
spnce of an :i:verage "."orking lifetime, it is neces!lllry to reduce the conc~ntn• 
tion of dust m the :.ur of the workrooms to a li.gure below that perta1n1og to 
spinning 11.t the time over which these c:i.scs were exposed. 

~ot only do~s group 3 s~ow the low!!9t. ineidenc_e of fibrosis, but it iorms 
the lnrp;est indiv1dulll group 1n these sections of the industry-a.bout one third 

R11lacittt Du,tin.tss of YariCJU.1 Asb11to1 Proceuu.-While some reierence 
here to the varying n.moui:it of dust evol.ed by the different p~ocesses is necessary. 
the cousntion of these d11lerences :i.nd methods of suppression of dnst are dis• 
cussed in Part II of this Report. 

Different. asbestos processes do ea.me the evolution of different amounts oi 
dust into the air of the workrooms, 11nd, under present conditions, the dilterence 
betw.-cn th!'! lenst dusty and the most dusty processes is very pronounced. 

In Sl>me procellses the production of asbestos dust is insignificant: in. a second 
group dust is continuously evolved but in l'f'lntivP.ly low concentration, a.s in 
spinning; in :i. third group the evolution of dust is continuous and in high con­
centration, u in dry cloth wea.vin~; 1\-nd in 11, fourth group much dust is dissi­
o:,,ted in hnr!lts of short dura.t.ion, 11J11 in emptying the fitire from settling chambers 
bv hnnd into bnR9. 
· Some additioMl dn.tll were obt4inen bv mcnn!I of n limited number of 

determinations of the dust content of the :i.ir at the brenthin.-i; level of npern• 
tives en11:aged in various procesees, with the a.id of the Owens' Jet Appnrntus. 
The Hgures in Table 5 which were cn.lcula.ted from some 50 determinntion~. 
giv.i a rnulh idea of the general dustiness of the prOCt!SSeS concerned. :i.nd nl!IO 
of the eltect of lOC11liMd exha.ust. ventila.tion and da.mpin~ in reducin~ th .. 
con~nt.rat.ion of dust in some of them. The counts in other proceues a.re 
eitpr~d proportioMtely to the spinning, pll\iting 11.nd brniding group, taken 
a!1 Un\t.V. 

tt. 'will be seen from t.hi11 T11.ble thl\t the dustiest. p1oce.qcs are opening (with 
old fashioned teuers), sieving (with no loca.l exhaust ventilation), and shovelling 
or otherwise bandlin( asbestos fibre. with a OOfflfll\rAtive fiaure nf 2.34. The 
heuiest count.I of All were found in this ~p. in sl\ck filling by hand in a 
!l!ttlinp: chamber. The com-parntive fi~1re here was 6.84, but the record w:i.s 
den~. w1th much clumpine: toitether of the dust particles, with the result that 
the totl\l dust count arrivcrl n.t wM nndnuhtecilv tno lnw. 

Next in order is nry cloth wen.vin.-i; without the o.pplication of localised 
eichnu!llt vrntil1ttion, with I\ figure of 1.95. This is undoubU!dlv I\ dusty p~s. 
and althouJi:h local exhaust ve~tila.tion ~uces the count n.t the breathing level 
of the wenver, _ much dust still e~n.~ into the workroom. Weavinir cloth 
wet, not merely do.rap, redut,!ll the dust count to a remar\c.'.lble degree. Column 

Tau: 5.-Rtlatio, Du.stin,ss of i,ar-ious Procus11 and Effect, of Localised 
E:rhau,t Vmtilatioft. ,r,,ad nnm,p Methods in ltl'P1'f'using Du.rt. 

----- I •• -· 1-· ----· -----·------ - --- -
I·- ··· - ~~~•~n1-, --· · ·· I Miu,- ~(1lu11, I 

~riintti1\C. . I Clolh. 1 Rancl. . 1 Op-en1n1 
:R:,.11i'1in1, Cl\rd,n&.•-----·-·-· -!- ·------! -- -- -·- -- •nd 
P1•itina:. wu.h \ Dry. I : : han.dhnJ 
, .. 11.hant lt'M"1II ~------- I D". 1· n,.,, \ Plb, •. 

local , e-.:l1t111tt. ; 1 ·ttii ••t.hot1\ o,...,• Dam"" •1tho"~ 
••'11:hl\u•\ I vr~'l,1\ .. I \Vi1.h11ut., Witl, 1 ~al •H,h 'ilf'i\\1' '1 \ni::al 
vonlil- 11.t1Dl'I. lnr11l lncal Wi't. l ,r-,hanllli \ Wet. I .. ~':.~!,, ,0,h1,a11, ••hi.u1\ '. e1hau1t, 

~t,\on. ! , ':.h:,•:~' : ",..~:t'i~i. , \ ¥11~til .. I •~n~j\. "~~!~~ , :~~~~l-- :PL~~~\ .. 
! 11ti-nft. .:\t.i..,ft. 1 atilOft. I 1t1on. 

f\) f'Z\ · •~\ (4) '" ; Ill) 11\ i {II) 191 : 1101 '1\l --.--,-···-· --i--1--1-·--i------
l \•11 : l·9S l·OS ' --~ ' ·SI / ·~\ I I•~~ ·89 ·H , ~-H 

" Sot• thu. he,,.. the 1nh:'lu•C. Tfltn.t.1l11t1on. -:••n• 111ec11ol :•n•t•l 'teft.ti11-ttaft of th• l!lt.U,rH& mall:n1 ".;1rw.­
:'OOm1. not locah11c-d nl t.ha woric bo"c:hi:t. 
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7 for baDd (i.e., Darrow) weaving, wet, is not accura.te ;rnce :he figure ha.s ~e~~. 
raised by uust from .a. neighbouring dry cloth loom. 

~fattres,; making without any f)reca.u.tiou,;, :;uch J.,; ~xi.i,.u~:. ,·cnl1i .. t1uc.. 
or Jamp1og tloors, tables aDd doth. follows c.ext with a figure of 1.53 \Sec 
lootDot.e Table 5). Applicat10D oi e1,;ha.u,.c ventilation, and Ja.:np1og reduces 
th, figure considerably, but it may be that the n~res 10 columns 'J and 10 .:..re 
too low. :.lll.:e i;:ouDts for some subs1d1ary ;iroce:sses, such a.s bu.ttooml!:, sew,::; 
and cutt1Dg out, are Dot available. 

It will be observe_d that card\ng, a.lthougn esscutiaily a .-~ry d,Hty prc~e;;,;. 
produced a. s:ompa.rat1vc figure ot only l.li. This is <lu..:. 1r. pJ.r: :o pa::;..;: 
enclosure of the working part.a of the carding mad1mc. l,ut 1; mo;;::y :he re,.:.: 
of the application of local exhaust ,·,mtilat1011. :O.loreo1·er. the :::;:.;re doc,; :..;: 
t:ike into :iccount the extremely dusty opemtiou. oi ~tripping. 

Relauvo to t.he comparative numbers for the other udicrcu.t proccsse,;. ::-.~ 
figure of l for spiDning, plaiting a.nd bra.1ding is proba.biy rather too h1g. :i, 
owing t.o cont.&mination by dust from neighbouring ac.d more dus~y processes 

Samples of aabestos vary much io. chemical l'0111,titu1,1un and physical ?ro­
pertiea, and of tho three main varieties, chrysotLle, crocidolite, a.nd amos1w, ;;::e 
latter two, iu Ul~ opinion of experienced workers, usually give rise to more d .. ;.~ 
tha.n chrysotile in the textile manufacturing processes. No evidence was iour.d 
to indicate that any one of the three varieLies is more, or less, potent tha.11 the 
others in producin~ fibrosis, other factors, such a.s coocentr:i.tiou of du,;t, being 
equal. A pt'C1.llia.rity of t~e asbestos fibre is t~at ~t. first ira.gmcnts 101,g~­
tuJinally. ann apparently this process can go on 1ndctimtely, s111ce there 1s ::o 
ultimato fibre comparable to a. vegetable fibre such as cotton. 

Concantrati011 of Du,t and Ler,fJtl, of. Eqosu1:c .Vcce.sar'J to ProJ.u.-ce 
Fibro.ru.--hom the data so far examined it seems clear that hbrosis of the 
lun~ i1 a. definite occup;i.tion.,.l risk amongst ;i,sbe1:1tos workers :i.s a. class. 
Further1nore, it appears that the risk falls most heavily oD those longest em­
ployed a11d on tbote engaged in the more dusty processes. 

Some further consideration of these two import.ant factors, length oi err.­
ploy111rnt and concentration of dust, is desirable. Obviously, to some extem. 
they are interdependent, siucc, .. ssuming that a specific quantity of asbestos 
dust 1au~t be inhaled t.o produce a generalised fibrosis, the fibrosis will rc:;nlt 
from upoenre for a period of time varying with the couccntr;i.tion of dust lll the 
air breathed. 

Si11110n" reportl the caae of an a.sbcstO!i mill worker ic. South Airi~a. 
exPOlld for 12 months to a very dusty a.tmosphere, who died from a. ra.p1d 
tuoercalolia; aectio111 of the lungs showed, a.part from the changes due to tuber­
culolia, a moder&t.el7 muked 1ibr06is. Burton Wood a.nd Pa.ge•• report the 
ea. of an ubea&oa spinner, employed 15 months, who died from a geDeralised 
tubercul01i1, 8 moot.hi after ceuing work. In thil case a little fibrous tissue 
wu generally to be -n .urrouading the ubestoa fibres found in the Jun~ 
tissue, but t.tiere wu no grON fibrosis. It. seema probable, therefore, .. lthoug;, 
further reeearch i1 Yery ncceu&ry, that not. only is a certain minimal quanmy 
of the d111t required for the produciion of a. generalised fibrosis, but tha.t inh;i,la.­
t.i,,a oC ~he du■t ia high conccutr;i.tion results in the production of a. more ma.r:,cri 
degree of fibro1i1 iu a &hortc1· time, th:i.u when the concc11tmt1on 1s low. 

Inve■tigatiOn of tbia import.lnt 111.a.ttci--conccntr:i.t1on of dust a.nd lcni,;th 
of cxpoeure necessary to proclucc {jbro;:;i,;-[ro1n the clinical side is beset with 
difficulti~. one of t.he moet r.onfusing being th;i,t the existence of a. clm1cally 
recognisa.ble diffuse libroaia is quite compatible with continued work in the 
industry, and, therefore, the casc:s of fibrosis ciiscovered in such an mvcstigat1on 
ii, t.hi:t "re in varioua stages of the disease, with the result tha.t t.hc point ~ i 
which th~y first became recognisable clinically cn.nnot be ascena.1ncd. 

De~pite thia, some confirmatiou o[ the hypothesis that the length oi ~-: 
posu~ to asbest.oa dllllt nccesaary to produce hbrosis varies mvcrselv with d,c 
r1111rentration of the dust in the air, within rcr~iu low a.nd high iimitii. ~.a)· 
l>e obtained. 

&fll ' . 
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T:ibl<: G ;hows the :lsero.ge .:1.ge :J.D.d length of employment oi the c:>.seJ of 
::brosis tn :he groups oi procc:ise;; pt·l!v1ous!y de:i.lt w1th (p 11). 

TAD!.& 6. 

Co.111 ol F it>ro111. 

ProCnl. 

l. Cr111h,nt1. opel\in;, J.i1inte.irMin111, m,,.ing 
i. Co.rwin; . . . . . . ! 
3. Spinn,n;. :.,i,iinc, do11blinc, plo.i,ins, &c. 
4. lluutu ma.king ... .. . .. 
~- Wuving ;,nJ O.NOei1Hed proc-■ 
6. :'l.liacelll\n•oua [lrOce- 1,ad rem•inio1 un. 

clo.nilieJ workors. 

Tot<ala 

43•\ 
311•0 
3,,0 
31•\ 
43•$ 
d•l 

--·· --·---------- ····----------

Avero.ge Ltng<h ol 
Emp\oymeM 

The much longer v.vero.ge period of employment of the cues of fibrosis 
m group 3 :a compa.red with the other groups "ill be noted. There is o.lso 
leilit exposure t.u dust in group 3. It seems, therefore, thll.t in tl,iii gruup a. 
loui:er pi:riod !!lapsed before the fibrosis developed, or that it proKr~:ae(I le:.'~ 
rn.pidly. 

This is the more :i.pp:i.rent. if the iucidence ra.tes of fibrotis amongst workers 
employed in the proces.,ies in group 3 :ire compared with the eorresponding rates 
for workers employed iJl the more dusty E)roceues comprised in g-roups 1, 2, 4, 5, 
~ken together. These ra.tes a.re set out in T:i.ble 7. 

TAOLE ,.-CDJ11parilon bllwem t/11 lni:i.dmc, Rate, of Fil,,,01i1 among~, IV.1rhrs 
tmpluyftl i,- Group J (ltu diuty procuu1) and th, fncici,nc, Rntu 
nmony,t Wo,-A:,rr ffflpluy,J in Group, 1, 2, -I, 5, tal:en t<J_qtthtr (mere 
d11Jty pr11rtau1). 
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It will be seen t.hAt, after 5 yean' employment, the rates ·a.re ~nsisteotly 
m11ch higher a.moopt those employed in the more duaty processes, :md, whereas 
the r:1te is high from :i.bollt 5 ye:i.rs onw:i.rds ia the more dusty processes, it is 
not until about t.hc 15th yenr of employment is reu.ched in the less dusty proce:1stt 
that the rate for the la.tter becomes high, t\nd :ipproximates to th:i.t rea,ched :i.tter 
about 5 yea.rs' employment in the more dllsty processes. 

E:,cp1isure to diliereDt conccntr:i.tions of dust., to~ther with the effect of 
the rccoguition of the cases of fibrosis in different stages of the disea..s-i. also 
afford a.n <Xpl:i.c.,,tion of the widely differing lengths of employm~nt of in­
dividu1~l c::i.se,; of fibrosis, which r:inged fl't:lm 5 years to uver 30. Wl11lt! no 
definite c:i.se of Jibrc.sis cle:i.rly due to o.sbestos du5' was. found :i.rnong~t worl<t'rs 
with iess th:i.n 5 yeArs e:<posure. the possibility of such ca.ses occurrin~ ,,1th 
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exposure to high cooceotrationa of dust cannot be ruled out. Three c.1scs were 
fouuJ wit!.i J, 3} a.ud -i:½ years work 10 .1:;bcs~o.;, rcspc.::.m:Jy, :..1.1:. :., c.1.~:: ;_,.;; c 
was prenous exposure to other dusts (see p. 10). 

· ::iupport ior this new 111 provided by 1)) l'roicssor Bc.1-t.i..:'~ ~:.:perw:cn:., 
p1·ev1ously mentioned, which demo12atr.11.ed that ,he lungs oi guu1e.1-p1gs ex­
posed for -13 .i.nd 67 hours to a.sbestos I.lust :;!lowed ·· Jw:mc ,~iiu:.i.r : :·­
liferatio.n, tn,mgh o.ot very extensive, ao.d this 1s cei-t.11cly a p1~i1:urnary ;:.,;~ 
in the production of fibrosis "; i2) ;Simson·,. case meo.twocc.: ..:.iio,·e, .i.uci ~.;. 
report io. the same p.:i.per oo. the lungs of a gu111c.1-p1g cxpo:;ed uy 11:l.,·:c:;orcia:,, 
to .isbestos dust for 100 hours dunng a period ot ;')6 days. Un :he c;c.1.t:i .:,~ 
the animal (from ca.u5es other tba.o. a.sbestous) sorne J2 months lJ.t~r. a;cc~:.:.::s 
of the lungs showed a slight generah!M!d fibrosis. In comraenw1g on the ar::ou.::i: 
of fibrosis found, he statee that " a companson betwee11 the huruil.n cas.!s a::;..i ::;c 
experime11tal animal showed th.:i.t_the fibrosis wa.s more rap1d and extensive i.:1 ~:ie 
human cases than i.n the experiment.al anuna.l," and ag;:un · the amount ~. 
fibroei■ in two of the human cuea waa quite rapid, aud 1f due to the presc::.~e 
of a■besto■ dust., the initial rate of procluction wo,a rapid whcu compared w1cb 
present day non-iufective 1ilicosi1 on the !Yuid "; (:J) data _ irom tl11s 1u\·em­
gation, in which 21 oI the 303 workers showed s1gus suggcsuve of commenc:n? 
fibrosis (p. 10). Of these 12 had been employed for less than i years, and ti, 
for between 4 a.ad 5 yeara. 

To aum up, therefore, it appears probable that conceiitra.t1011 of dust and 
lcngt.h of expoaure aa factors io. the production of fibrosis are interdependent 
within certain limita. While it seems necellill.ry for the productio11 of geoerah~ed 
fibroei1 of the lungs that a definite minimal quantity of du,;t must be 1nh_:ii!!d 
the lower the conccotration of duat iu Lht: air breathed, the loa.i;er the 1a.psc 
of time before the fibrotia is fully developed, and withi11 a ceru1n limit, the 
higher the couceatration of d111t, the sooner the fibrosis becomes fully developed 
and the more intenae the involvement of the lung tissue. 

If this hypotheaia i11 correct, a.nd the evidence po111Lli to 1t, the practical 
inferences ai-e of very great import4nce, since it follows that the application 
of measures resulting in tho reduction of the concentration of dust 1u the air 
in the neighbourhood oC dusty asbest.oa processes will cau:.c, firstly a gre.i.t in­
crease in the length of time before workers develop :i. disabling fibrosis, an<l 
secondly, the al.moat. tot&l disappearBnce of the dise&lie, .ll! tile measures for 
the suppre11ion of duat are perfected. 

DUGbl,J111n, prod'!Ultl by tlw Asbflllos Fibro.siJ.-Reg,miing the amot.:~t 
of diaablement produced by the developmeDt of pulmonary fibrosis 111 asbestos 
worken,-for & number of year■ this is surprisingly slight, even more so thaa 
i ■ generally t.be cue in ailacoeia. Thi■ ia partly due to the char.i.ctcr of the 
cliaeaae, &nd partly to the uture of the work, which in the majority of these 
prot-! ... doe■ not inTolTe much physical exertion. The affected person may, 
a.nd often doe1, continue &t work with occasional intermissions, latterly, due to 
exacerlmt.iou of bronchitis, until t.he t'ODdit.ion is advanced, although he suffers 
increuing inconvenienca from shortness of breath, oo. exertion. Some­
times a terminal broocho-pncumooia, or other acute io.fcctioo, commen..:cs while 
&till at. work, and there is no long period of invalidism. 

There is no doubt but that fibrosis of the type produced liy asbestos .:an oI 
it.self lead to complete dil4blement :i.nd to :i. fat:i.l t.crm111auou, J.nJ this i::i :i,c 
abaence of a superaddcd tuberculous iufcC'tiou. 

Particular!! have been collected up to the_ cn<l of l!l~ of 10 cases in wh,c:i 
:i.n advanced degree of the aabe■toe fibro11s without tuberculosis wa.s the 
primary cause of death. In 9, the cause of death was verified by post mortem 
examination :i.nd io. the 10th, repeated clinicl\l, radiological and sputum ex­
aminations confirmed the diagnosis. In an 11th case. post mortem examin.:i.tion 
showed that a lobar pneumonia. had superv~ued upnn lungs already the ;e~: 
of a moderate degree of the asbestos fibrosis. With one excep~100., all these 
deaths occurred in the years 1927-29. 

The length of exposure to asbestos du&t in these c~es varied between D .:in,i 
'..!4 years . 

., .. 



It ,s nut ;u~gi:s.teu. tli.it ~hese iew fatalities, rn wh_ich thl! .::i.use or de::i.th 
i1a,; been verified by strict enquiry, are auy cr1ter1on ot the true effect ot the 
,::!eU:.c 011 the morta.litv r:i.tes of .:i.sbestos wol'i,ers. Others are known to have 
,)ccurred in which the existence of the a.;;bi:stos libro~1s has been determined 1n 
.;:.!, but uo post mortem cxamin-uion h:i.~ been possible. 

Prooresi and Duration of tl,e Disea.re.-•The rat.e of progress J.nd duration 
of the disea.se va.ries within wide lin11ts. With continued exposure to high 
..:oncentrations of dust, the fibrosis m11y be fully developed i11 from 7 to 9 veari, 
il.nd may ea.use death after 11bout 13 yea.rs cxpoiute, exceptiona.Jly in a stoner 
period. On the other hand, with uposure to less conceutr.:i.t1ons of dust, the 
:;eriod of maturation of the fibrosis ma.y be extended to 11:>, 20 or 25 yea.rs. 
'rhere ::i.re definite indications, derived from the industrial histories and ex­
a.mination of workers, that a diminution in the concentration of dust in the 
,:ir breathed, either by change of employment from a highly <lusty proces:1 to 
n11e less dusty, or the effect of methods taken for the supp~S51on of dust, result~ 
:n .:i. prolongation of this period of maturation of tht! fibros,is, except in the 
late stages of the disease. While this is so, the existence of a clinically re­
(ognisable degree of the asbestos fibrosis in any individual ifl an additional 
,idverse factor in the prospects of recovery from any acut!! infection of the 
lungs, ~uch ns pneumonia or broncho-pneumonia . 

. -luociation oj tlu 1hb1JlOJ f'ibron, with Pulmonary 1'uberculosi1.-:\s 
previously mentioned (p. 0), silicosis, the fibrosis of the lungs due to the 
inhalation of free silica dust, hu a.n unhappy 1LS80Ci1Lt1on with pulmon1uy 
:uberculosis, in thlLt there is a much incre111ed liability to the supervention of 
the latter disease amongst silicotics. It is of importance, therefore, both from 
the point of view of the individual worker, and in its bearing upon the scope 
of the preventive meuure required, to enquire whether there is a similar 
liability attached to the ubescos fibrosis. 

It will be remembered that in this investi,a.tion the examination of workers 
was restricted to those at work at the time o the examination, :md, therefore, 
a number of advanced caaea of fibroais, and a numbel' of cases of pulmonary 
tuberculosis-with or without an a.sbestol fibroais in addition-who h&d 
either given up work or. who were off work temporarily, will ho.ve been 
missed. Moreover, the supet"Vention of a tuberculoua infection 011 a luug alreiidy 
the subject. of fibroais produces 11.n increue in symptoms, previouslv unnoticed 
or disreprded, and induces the worker to seek medical 11dvice. "He is then 
appropriately adriaed to give up hi1 dusty employment, migratet from the in­
dustry, a.nd may or ma.y not accept sanAtorium treatment. 

Thus thei., tend■ to be a drift of such cues from the fibrosis producing 
,11dustry. In fact, during the course of the inveetip.tion, inform1\tion was 
ohta.ined of a number of persona, previously employeii in asbestos, who were 
either at home or in sa.na.toria, suffering from chest complaints. 

Precise inform:i.tion a.s to the incidence of pulmonary tuberculosis amougst 
11.1bestos workers cA.Dnot be obtained therefore, in the absence of per10J1c:al 
u1edical e1U1,.1?1ina.tion1 in the industry, without prolonged enquiry involving the 
'!arch of the records of local sa.natoria, tracing workers kuown to hlLve ceased 
work in 11.1besto1, and examination of death certificates, and of the sickness 
records of firms, where these are kept. 

. :,,"evertheless, with these ~esenatious_, ~~e data obt.ained iu this invest1g1uon 
did not disclose a.ny outstand1ug suscept1bl11ty to pulmonary tuberculosis, either 
amongst asbestos workers as a. clus, or amongst the ca.,ea of nDrosis. 

S1'm111ary.-The outcome of this investigation is to establish the existence 
of a definite oceupational risk in the llabestos industry. Tl11s takes the form of 
~L distinct typt! oi fibrosis of the lungs, resembling silicom in 1t.s main cliuical 
:i.spects, but differing from that disease in the mode of distribution ot the 
r.brous tissue in the lungs, in its radiological features, in the enhanced rate oi 
development under average conditions in this country, and a.s far :i.s the evidence 
goes, 1n a lower susceptibility to the supervention of pulmona1·y tuberculosis • 

The ;1sbcstos fibrosis results from the inhalation at" asbestos dust, the 
proximate c::1uses being concentr:ition of dust in the 11r breathed :rnd length 
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01 exposure to 1t .. Thus the incidence rate 
cesses and amongst those lo_ngest employed. 
10Jluence on the production 01 the disease. 

is highest lll the mos. :i·ost:,-
Age and jex ::ave r-.o J.:");..1:-t.:..: 

5.-F ACTORS DETF.IU4!NING THE PRESENT RECOG:SJT:o:,; OF THE A,B.s70o 
F1sR0s1s. 

It is of interest to consider why it 1s that this disease ~as on1y recc:::.;­
attra.cted notice and become a problem 10 the industr:·, although a;ocsto, .•:o; 
known to, and worked by the ancients. 

1faJly factors contnbute to this position, some dependent on the :s;i.:~cc ,: 
I.he disease, some on the pbenumen:il •xpansion of the industry, others oc. :c.,, 
advance of medic:il science. 

While asbeatol baa been known :ind spasmodically worked ior huod:e:, :: 
years, it 1s only in the past 40 years or so that it bas been commercially explo,:ed 
to any extent. Not only that, but 1t is less than 30 years since the i;rea.t expa:i­
sion of the industrr commenced. Even :ifter :i number of yc"rs oi steady cxr,;i.c.-
1ion, the industry 1s still comparatively sm'111, a.nd the workers employed ,n :he 
euenti&!ly dusty processes relatively few. 

The insidious onset and unobtrusive signs :ind symptoms of the disc:;e ,:1 

its earlier course, it.a covert advance by imperceptible stages. 1ts poir.:o "· 
resemblance latterly to fibroid tubt-rculosis, with which inrcct10n 1t is sor:1et1:-:-.o, 
aseociated, and the migration of those affected from the industry, have all co:-:1-
bincd to delay it.a recognition aa an entity, and to obscure the cau~l agent 

Knowledge of the effect.a of specific dusta upon the lungs has been g-rea:!y 
extended in the paat 20 years, but research hu been mainly concerned ,vith fr.e 
more important and widespread risk a.saociated with the dusts containin;- ::,, 
silica, and enquiry into the elfecta of other dusta hll.d to wait upon those 1n\"est1-
gll.tions. 

6.-Pasv!NTIVII Ma.utJUS. 
The necesaary preventive meuures include, first, those directed specifically 

towards the suppreu1on &Jld control of the dust evolved 10 manufacturing pro­
cesses, whicli are examined in Part II of this Report, J.11J sccoodly, :n,-,-·"· 
directed toward• th01e employed in the industry. 

These IAtter include the control of the diseaae by pcrtodic.u medical cxarr.;:ia­
tion of the workers, by which thoae unfitted by health reasons are prevented :·co::i 
entering the industry, &Jld CUN of fibroeis and pulmoll'1.ry tuberculosis are 
detected at the earliest pouible moment. The ultimate and only reliable :c;t 
-of the elfectiven- of the preventive measures adopted io the industry w 11! be 
found in the statistics derived from the records of periodic:il medical exam1na.­
tion of the workers. 

They &lac include the education of the individU&!, as Ill other dangerous 
trades, to a 11&111 appreciation of the risk, &Jld to his personal responsibility m the 
prevention and suppreuion of dust. 

The protection alforded by 1·espirators is only p'1rtia.l, and there 1s a re.a: 
~r that the .ae of them may give ll. selllle of false security. Asbestos c:·~,: 
lloatmg in the air contains a majority of particles of the order 2", '1Jld under, 
many being only 0.5i, (n l.u inch) in size. In prll.Ctice, the d1scomiort 
of conatant wear, and difficulty in speech, etc., render workers verv 
unwilling to use thia form of protection for any length of time. Smee, 
howenr, a high clua rcspirll.tor will trap ll. pro!)?rtion of the large ~ar­
ticles whicli e&11 enter the lung, they c:innot be 1m1d to be valueless, but ·can 
only be recommended u a second line of defence, a.nd not in substitution :c, 
other preventive meuurea specifically directed to the control of dust as near as 
pouible to its point of origin. Under very exceptional circumstances there mav 
be 1eope for the use of the efficient type of breathing apparatus, comprising a 
muk or helmet with a long tube, enabling the wearer to breathe pure a.1r from 
a distance. 

7. - THI. Oll'TLOOII:. 

From consideration of the n&ture of the procesaea in the asbestos indust:": 
and other relevant matters, it is felt that the outlook for preventive measures ·:s 
good. That is to say that in the space of a decade, or thereabouts. the dcct .·, · 
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,:0erget1c applicatioa of preventive measures should be appe.rellt ill a great reduc• 
t1on 1n the incidence of tibrosis. 

An immediate temporary rise in the incidence rate is probable, due to the 
accumulated damage, partly a legacy ol the \'l'ar years, but with the pass1og o[ 
the peak, a steadv fall ,;l1ould en:iue. 

).foch geaerous :u.sistance has been receivi:d. from maoy sources during the 
course of this investigation; these are grntetully ackoowledged dsewhere 
Special thanks are due, however, to Dr. E. W. Twuiiag of ~Ianchester and Dr 
N. Tattersall of Leeds for their indispensable expert assistance io the eluc1dat10n 
of the radiological features, to Dr. W. E. Cooke, Professor~{. J. Stewart, and 
Dr. Roodhouse Gloyne, whose researches in the same field are well known, and 
to Dr. I. M. D. Grine for information from nn unpublished study of a group 
of asbestos workers. 
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PART II. 

PROC:u1:11 Grvnr~ RrH TO Dt1sT AH?> MftRoDs roa m St11'PR!SlfON. 

1.-!MTRODOCTION. 

The ubestos industry has developed greatly in recent years and continue~ 
to ~x~ rapidly,_ ~&inly because of _tlie demands o~ the motor, electrical, 
engineering and building 1ndu&tr1es, and of the 1ncreu1ng atteation aow paid 
to the insulation of steam plant to promote fuel economy. 

A.sbest.01 produce. may, for con.-enience, be divided into snen main 
groups:-

T,ztil.s. 
(a) Yarn and cloth. 

Ntm•T1ztilu. 
(b) Millboard, paper, ubest.01-oement sheets, tiles, and other build­

ing m:,.terials, sheet rn:iterio.l of rubber or bituminous m1xture11 contain­
ing ubest.ot. 

(c) Insulation material, and articles. 
(d) Brake and clutch lining1. 
(,) Packing and joiatings. 
IJ) Asbestos-covered electric conductort---electrodes. cables aod 

wiring, coils for electric machinery. 
(g) Miscellaneou.,, including moulded electrical and other good9, etc 

Some factories make both textile and non-textile goods. So-called 
"fiberized " asbestos, i.e., opened or broken-up material in a line /lock-::ke 
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~-ondition, 1s manipulated, unmixed with other materials, 1u large quam1t1es ,:: 
the factories 111cluded in groups (a), (b}, and (c), and to a :nuch 5mall~r ex:e;:.~ 
1 n some oi the other factorie& aod workshops. 

1a) Asbestos yaro 1s woven 1ot-0 cloth ior 1osulat1on mallrcss coverings, 10-
:.ulaLiog wrappings, fth.eriog 01a.teria.l, fire curtains. fire-smotller1ng blaoke~., 
aod Jire-re!!tut1n·g clothing. Narrower woven material 1s produced tor bci::::; 
for conveyors, brake linings and insulating tape. :Some asbestos clot:i -~ 
rubber-proofed for tUe in the manufacture oi :;Learn packings aod io10:,:-.;-s 

Besides 1ts maio use for weaving, a;;bestu,; yaro 1s braided aud pi,utcJ :or 
use ui pa.clung, and also for insulating material. ::ipools oi yarn are ;u?r,:1eC: 
to t'a.:tories iu which electric cable or electrodes <1rc made, and polished t:-.:ca~ 
ior the completion of ioca.ndeacent mantles. 

(b) Aobestos millboaru and paper are lll&nufactured irum pulp co11t,;.; .. ,_,, 
short fibre a.sbeswa, by a wet method, like ordinary m1llboard and µaper 
Asbestoa-cement sheets, tiles, gutt.ers, pipe!, etc., for lmildrng and_ similar f,Uf· 

poses are made from wet. mixtures of Portland cement aod short nbre asbcstc,:; 
A synthetic compoaition sheet is made from a. rubber mix1og, for u:.e .:i.s JOlDt:;:g 
Bituminous mixing. containing asbes~ a.re made for :;witchboa.rd panelli::;. 
and other inixings for liooringa. 

(c) Insulation materiaia include fiberized asbestos; ·' magnesia," so-caiica 
containing about 15 per cent. of fiberized asbest.ot and 85 per cent. ot' mag::es;a. 
and other finely divided mixtures composed partly of fiberized asbestos, i;~cd .i:; 
insulating cement.I or plast.en; fiberized aabestoa stiffened into thick shect5, :ike 
mata, for lining bulkJieads of ships; shaped sections and sla.bs. moulded from 
li.berized asbestos or mixtures containing it, or built up of corrugated asbcst0, 
paper so as to enclose air cells; mattresses, made of asbestos cloth and filled •.'::~.: 
fiberized a.sbest.oe, magnesia, or other filling. 

(d) Brake and clutch linings are chiefly prepared from 1mpregn:itcd anci 
heat-treated asbeat.os cloth, but allo from moulded asbestos m:i.teriaf. 

(e) Plaited and braided aabestoa yarn. proofed asbestos cloth and com­
position sheet. are used in making P&Ckings and jointings. 

(f) Eltetrodee for welding worlc are plaited with asbestos yaro or cov...,:·ei1 
with a paste containinJ a&beitoe. Some electric cable and w1 ring requ1reci t.:i 
withstand heat are plaited with aabeatoa yarn; field coils for electric machinery 
rnay be wrapped with ubeat.oa tape. 

{g) Miaceilaneou. manufactured articles or products, composed wholly '.lt 

partinlly of ubcatoa, include, in addition to moulded electrical and other goods. 
ubeat.oa putty ud powder, rubber h01e plaited with ubestoa yarn, and ~.ar.y 
othen. 

Ap&l't from 01anufacture, · certain work i111 carried on 1u premises sub1ect 
to the Factory and Worbbope Acta, u well aa in other premisea, which involvel> 
use or manipulation of asbeatoe or productl containing it. The insula.ting of 
boilera, pipea, enginee, 1Uld parta of 1hip1 i1 the moat important. Much of this 
work i• done on board ship by cont.ract.ol'!I who employ I\ considerable outdour 
stAff. 

2.-P1l1UU6&8. 

The factoriea and workehopa included in (a) to (g) number at. lea.st. 160, 
of which 18 are textile fact.oriel. Thi• tot.a.I is ba.sed on listl supplied bv the 
District Iuapccton. It. docs not include the large number of works where ·there 
i1 incident.al use of ubest.oa p:leking and jointing. :ubcstns-covcrcd electric cab:e 
or other Jini1hed good1, required for completing 0Lhe1· ma.nut"a.cturcs. 

There is only one worka in which the employees concerned with asbestos 
exceed 500. There are many small premises in which but a few employees. ,n 
r.ome cases only one or two, are employed. A small " asbestos ·· department 
is found in a number of important fact.ories. 

Textile departmente are uau&Uy well housed in modern buildings. A few 
of the older textile factories have been improved recently by the add1t1on oi 
modern buildings. In one cue a badly housed small concorn is in process 0i 
removal t.o newry coDBtructed premises. 

The asbestos-cement sheet factories a.re modern premises of large floor area. 
lrifty and spaciow, in the main, single storev buildini:;s. Tbc ~ble and electrode 
factories are also modern and generally suitable . 



Som.: ~mall works, more particularly those eog:i.ged in making boiler ..:•)Ill· 

pos1tionai, .:1re unsatisiactory. A icw are mere ope11-;;1ded sh~J.. :,uch p1em1~;; 
aic <l1t!iu;'.: to keep clean. 

::iome works a.re congcstcJ with µlaut and :;toi:k~ ot matcr1;1l Thi, may 
: csu!t from inadequ,Ltc ,LCt'Om111o<lat1011 or a temp,1t·ary fal1111g-01I 111 tl1,; J~ma11<.1. 
uut the ~tiect 011 dca.11li11i,H 1s lmJ. Thll dust evolved iu manu1auurrng ;,1u• 
•••• es 1s 1nore difficult to control it the premises are unsuitable, [li\rt11:ularly ,1 
~i:owded with plant 01· material. Cleaning is not e:i.sily a.ccompl1she<l and the 
dust is more concentrated. 

Ventilation.-The arrangements proviLleil for venti!atiui; ;L~l.icstos, works 
va1·y as in other industries. Dust remov:i.l systems, where used. cllcct a measure 
oi gener:i.l ventil.Ltion. A number of workrooms in textile fa.ctoncs are 
,·entilnterl by plenum systems, the air supply being warmed III winter. . Over­
!:c:ul extrncting propeller fans are but little used now and would be 1111sm t,li,lc 
rn one mattress makinR room extraction fans connected to large ovcrl,c..Hl lioo<ls 
:ire used. Extrn.ction by downwnrd displacement, the air l>cin~ drawn thr1rngh 
opening$ in the floor, or near ftoor level, has not been met with, but hns been 
considered for some we:wing rooms. This syste,n. if JesigneJ et a. cnpncity 
mfficient to effect o. high stnndard of general ventilation, would tend to reducl.' 
~he dust in the general atmosphere at breathing level. an<l. with other safeguards. 
be a possible n.lternative to localised exha111t ventilation. It could not be su.ccess-
1ul without efficient heo.ting. owing to the rapid chn.nge of n.ir ent.'\iled. 

Sepflrtttif.m of Prousu,.-In many works several proc!'~sc~ :ire carried on in 
the snme room. In the absence of effective mC"nns of prcvcntmg escape oi dust 
icto the n.ir, m:i.nv workers are ~ubjected to o. risk from ,vhich thev would other­
wi!le be im1nune: or to n. grrn.tcr risk than th:i.t :.rising from their 0\Vn work. 
In a few textile factories crush in~ nnd opening plants :Lre plnccd close to spinniuµ 
an<l ca.rding ma.chines. Spinning frames are insta.lled close to looms and wet 
and dry we11,ving a.re ~rried on clOM together. In non-textile premises there 1:\ 

more effective 1epamt1on of dusty work and processes from non-dusty. 

3.-D1tsCJUP1'lOH or P1toc1tssas .\lfD PR1v1NT1v1 Musune:s. 

A complete a.ccount of manufacturing methods is not attempted. .-\ttentiou 
is ma.inly directed to the dust-producing proceucs, :i. description of which, in 
broad outline, bas been deemed necessary to make clear the c1rcutnstancea under 
which e:icpoaun to dlllt ariJes, and the character and object of the remedial 
measures already in Ille or here recommended. 

Somewha.t 1mporta.nt cho.ng~s a.re on foot which, it is coufidently hoped, 
\Viii grea.tly reduce cxpo1ure to dust in certain hitherto dusty prO<"esses. On 
the other hand, certain developmenta, e.g., s~in• up of textile machin11ry, 
a.nd the increued me of asbestos in variom industrfes, may intensify the ciust 
prob~. if adequate measures to deal with the d111t are not taken. · 

TEXTILU. 

(n) Yam ud Cloth. 

The manufacture of ubesto1 yarn aud cloth proctt<.ls 01L the whole like that 
of other textiles, but there are some important di!Ierences. Fiberized nnd other 
Q.llbestos material is freely handled in various operations, in ga.thering 
·' wute,'' and in cleaning. Exposure, in some degree, to ubestos dust, i~ 
common throughouc. a.11 the factories, but steps have been taken, extending over 
:na.ny years, to denl with dm1t produced :i.t various pointi1. thou,h the ncces.snry 
degree of efficiency h.u, generally IP.Ca.king, not been rca.ched. Exhaust vcntda­
tion plant.~ used in the best-equippeo n.sbestos factories for removing dust appear 
to be :\11 efficient a.s those used in other textile industries, o.nd to have been applied 
over :i. wider field. As rega.rds other sa,fegua.rds i\g:1.i11st dnst, e.~., S\lbstit11tio11 
of mcch::i.nical methods for handwork for feeding ~he rn:i.chines 111 J]rclimrn:Hy 
operations, efficient enclosure of machines, o.nd va.cuum methods at cle::i.ning, little 
development has been ma.de. 

Openinq.---;-As~e!\tos._ suit~blc for y~rn. hu usu;'\lly to be cru~_hed. ;i.nrl in :\II 
cases · opened · (' r.berized ) before Lt 1s ready tor c.'.lrding- fhese pr1:;,,1r,1-
:ory proceHcs ;i.re e!Tccrcrt bv m:ichinery, but entail much handwcrk. :-:e1,:u:tt­
ing (to remove i ronl :'Ind gra.cling or ineving follow crushing, but precede orier.!n~ 
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:i.taterial ior yarn is not usually treated in dmntl!grators, but tn mo=t :J.,:0~ .. o 
these machine9 arc used for iibenz10g waste .i,bestos yarn. et.:. Cr:.:s::::; 
flattens out aad breaks up the mineral without clamag1og tlie :ii.ire.;. It .~ ""····-· 
plished either in a rarge i:dge runner. or in a .;mail pJ.u mill ,Jt :lie rnor:.ir :::.:;:~.= 
type The material :s emptied upon the 1loor dose to r.he maciii1;e. the ~cn,c.::. 
ol ;e\·eral o-J.cks sometin1es oemg spread on the floor to obtain a roui;h .. ro,x1:i;; 
The crushed material 1s either taken irom the maciunc by hancl. or J1,ci:ar;;cd 
through a bottom delivery slide, usually :illed 1uto sackl ur ;;lups and. it' uece"~ary, 
weighed on a portable weighing machine. .\ few edge runners disd1argc ·.1p,,:t 
short inclined lattices and the material falls automatically into tile :;;i.ck or s,,:? 

Edge runners give rise to dust of considerable amount where short :.Jrc 
is crushed; some are enclosed and have exhaust applierl. This ,s always :e~~~­
sary. Pan mills are not enclosed and also give rise to dust. though less 1r, 
amount. 

Handwork, e.g., sack emptying and filling, mixing, shovellini;: and ieec:i_::,; 
machine p,ans or lattice feeds, gives rise to dust, sometimes or' con,icier.:. .... ~ 
amount, and is done without ex.l:iaust. Application o! exhaust dr.:.ught -.. ::;;::! 
be facilitated if feeding were done from a higher level so that sacks mibht '::c 
em{>tieifunder enclosed conditions, i.e. ina SD.Ck emptying apparatus. Auto.rr.at1c 
dehvery and reversible bagging lattices eliminate dust produced in hand filli:-.g 
of sacks, but require to be elfic1ently enclosed with exhaust draught applied. 

An open travelling band passing round an electro.wagnet is used :c;: 
separating 10068 iron, the asbeatos being delivered to an elevator. E:::cicsed 
apparatus should be adopted. 

Enclosed rotary sieves (rotar1ell) or long O&Cillating frame sieves are used for 
roughly grading crushed material. Rotaries should be mechanically fed and the 
asbestos collected under enclosed conditions (not always done) and exhaust appi1cd 
to the machine encloaures, otherwise unnecessary dust is created. Some oscilla~­
ing sieves are very open, the material being allowed to fall on the floor, ao.d be1ag 
filled into s:Leks by ha.ad. Very dusty conditiOlll are then inevitable. Efficicn;. 
enclosure with exhaust draught applied &lld, to avoid hand filling, ;..utomatic 
delivery and bagging latt.ices, also euclosed and exhausted, as used in some cases. 
arc generally practicable. 

Crighton opeuen, enclosed ce11trifug&l machines, are used for openrng 
crushed asbestos, preparatory to mrding. Careful mixing or bleo.ding of cru3hed 
material is c.llect«l by spreadiug ir. cveuly in layers ou the lloor over a conmierai:ile 
area-cotton may be added at this stage if required-and when feeding, La.king a 
vertical cut through them... Admixture with a small proportion ot cou,:;:1 :-:-.ay 
&180 be achieved DY blowiog it into the feed opening. The opened material ts 
delivered upoD & lattice and collected either in a huge co11La1ner or 1.0 ~ati,~. 
automatic baniog latticea being used iu some ea.sea. Mechanical feeding uo.der 
eo.cloeed concfitioaa, wit.b. uh&u1t draught applied to feeding lattices or other· 
conv-eyOl'I, should be &dopted. Hand feec:iing gives rite t.o dust, from s.ick cmpt.y-
1ng, shov-elliog and particularly mixing on the floor. Mixing is .i great hindrance 
to elimination of hand work; it i1 auerted that poor yarn results 1i it is uot done 
a11d tha.t. machine mixing hae been tried and pve less satisfactory results. If 
retained, it. should be doae a.t a higher level than the opener, undE a large 
exhausted canopy and the mixture fed at. a series of cbut.es. Delivery lattici>• 
should be well enclosed and exlu~usr. applied, u now done in some cases; otherw1~e 
duat. is evolved. 

Opened material uot. rcqui1·cd at. once, may be stored in open bins in the 
workroom, involving emptying nod filling SD.Cka or skips, whicil uecess.ir1ly 
caw;e dust.. Thi1 storage 111 bulk should be avoided; alternative arrangements 
might be adopted which avoid dust.. 

Some material, e.g., long fibre waste from later processes, is opened a.t 
enclosed lattice-fed r.eaaen or willeys, nor. infrequently of primitive design, ·,\·01 •• 

out, and emitting much dust, notwithst.1.nding that a fan is :i.a integral part 
of the machine. Thea old machilles should not be used for asbestos opeo1og. 
Dust may be emitted at feed points of modern machines, particularly when the 
feed is irregular.. E~haust is ncce~ry at the feed lattice for this reason and 
also ~ause f~drng. itself c:i.u~s dust. The material is either discharged U?cr. 
:i. latt1cc for 1mmed1at.e collect1on, or blown into a chamber. The s~a.adarr.s 
suggested for C-ig-hton m:ichines should ho adopted. 



Hopper lattice ieeds are largely used with openiug machines. the hopp~r !1p, 
a.re aoout ;j !'eet Ii inches 11.bove rloor level. ~1uch dullt 1s produced III movel­
:'i?ed.ing iu 1t is difficult to avoid scatteriJJg at the lip 1 An enclosed latt1~e. :·ed 
:it or JUSt below floor level.with iocallsed exhaust applied to the t!ndusure 1s more 
,ntufactory. . . . . 

Single <lisintegra.tors, or two or three ma.chines. in series arc used tor .u1e:-1k-
1ng up tl!Xtile or other asbestos wa.ste, more rarely tor openmg crushe<l :uoe,;co~ 
Present arra.ngements for preliminary hand sorting oi waste a.re unsn.t1sfactory 
it should be accomplished a.t a ,:overed bench, suitably exhausted. Wherea,; 1n 
some cases, the indraught ,'l.t the disintegrator feed op:nings caused by the r::1p1d 
rotation of the rot.or is not sufficient to remon dust, and beca.use. at a11, rate­
as soon as it is stopped, escape of dust mn._y result from revcr:1eu au· rn"rrenu. 
t>xhaust should be applied here also. 

Disintegrated material is blown into chambers, a blower fan being in ~om~ 
cases connected to the delivery of the machine to cl'l!lllte 11 stronger draught. _\1r 
:ressure in the chamber is relieved in different wa.ys, the sides m:w be covered 
\Vith sa.cking, allowing much dust to escape, a " relief balloon " _onnected. or 
exhaust applied. Chambers connected with disint.egrnting and ten.sing machine~ 
varv in size, some are little more than a large box, others ore more roomv, Some. 
but· not a.II, are separa.ted from the workroom. They are entered for emptying, 
the material being filled into sacks or skips by hand After the mnchine i11 stopped 
or the flow of material diverted to another chamber. Work in chamber11 i11 verv 
dusty and its elimination is moat desirable. (See page 26.) -

Carding .-Considerable developments have taken place io. recent years. 
Oo.e or two import&Pt new cardrooms have been started. Many new m11ch1nes, 
including 10me of foreign construction, ha•e been i111talled. 

The ma.china, of large overall dimension,, are of the roller 11nd clearer 
type. Modern carch a.re of high cl&.11 co111truction and fitted with two dolJer 
cylinders supporced OD a carriage, which can be r4cked into or out of position. 
For fine yarns, a breaker &nd a linisher, constituting a set, is used, connected by 
lattices, lap sli'ver from t.he former being auc.omatica.lly fed to the finisher card. 
ln cases where the slh•er ia collected in cana, a Derby doubler is used for p1·epar­
ing lap, for fii:Liaher cardt. 

S1.11gle machin• and breaker cards a.re equipped with hopper lattice feeds 
.upplied from skipa or l&Cka, handfub being dropped in, and shaken apnrt as 
fed, or t.he aack emptied into t.he hopper. The ubeatOI falls intermittently upon 
a creeper feed which conveys it to the " licker-in " feed rollers, between which 
point and the dotfer t.he material is under encloud conditions. 

The mat.erial i1 combed from the open do1fon of 6.nisher cards, n.s :i. 1veb 
or " sheet ", the lheet■ from the two doff en usually being combined nt a con­
den11r, and the resulting sliver yam wound into spoola. Oecasiooo.lly, combed 
web is collected without being condensed, the conden■er carriage being with­
drawn. In other carding, the sli•er may be obtAined u a lap. 

Admixture with cotton is usually a.ceomplished by carding the two mnterinls 
together, a cotton lap being mounted above the creeper feed, nnd the ~otton fed 
through the feed rollers with the a.sbestos. 

The evolution of dust at cards is inevitable and Ll fine dust clouu m:i.y be 
observed in most cardrooms. Suppression of dll!t cannot be rea.lised unless 
~achines are maintained clean and in satisfactcry repair, and there is effective 
c:nclosure of Y&rious parts. Above all, locali,-,J exhaust must be npplied at 
well-defined point.s of dust emission, and imprond stripping arrangements pro­
vided. Wide spacing of machines is also desir:ible. 

The upper parts of modern machines a.re usunlly provided with well ma<le 
wooden covers and the lower parts are enclosed below in metal. The ir:'\me~ 
<1.re well enclosed at the sides. A hinged met.,I cover, fitted in some ca!lell, pre­
vents escape of dust produced by movements of the feed l11ttic:e. .-\ curt:'\in oi 
fabric is less sntisfactory. In older types, particulnrly, the wooden covers m:iv 
oot fit satisfactorily, the cylinders may not be truly o.ligned with the frame and 
other defects m11.y account for side escape of dust, not controllable bv exh,1.ust 
Such defects should be remedied. Creeper feeds. doffers and condensers llnd 
connecting lattices between brenker and finisher cimh are not enclosed Dust 
i• evolnd at dot!'er combs and at creeper feeds. 
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Loca.llsed txha.ust veot1la.t1on was .ti.rst applied to ca.rdwg mach1oe::i ;::a:-.:, 
)l!ars .1go. ~Iethods and apparatus have since bun gr.:.du~lly trnproveci .u.:: 
1uore poweri'ul ei.:haust draughts a.re now used. One large nrw h.:.ve .lfO.,':Vt!u 
1nuch ~uccc::is by nandard1su~g .their_ practice a~ rega.rds po!D.ts of appnca.,c:-. 
0 ( exhau:st draught, Jes1gn ot a.ir guides, size ot branch ducts to a1_r gu1de,s and 
duct velocHy. E.xha.ust 1s applied at (a) the pre55er at the creeper teed; ,.&, ==~~ 
roller at licker-in; (c) top of cylinder; (d) each doff er, air guides o~ hoods bean,; 
fitted at these points with connectiD.IJ branch ducts. ~fol! couplings, usca oa 
Jtanch pipes, facilitate easy dismantling. Branch pipe SJZes and duct velcc;:;.::~ 
,ire Libera.I. The improvement realised by applying powerful exhaust at each 
of the point:; mentioned, at all of which evolution of dust 1s important, ~hows 
that this practice should be followe~ generally an_d gives point to the !1ew 
<:XpresFed bv some occupiers that ca.rdmg can be carried on practically dust-tree 
Apart from· the above case, exhaust is applied in nearly all cases to the cylu:.der~ · 
1n :i. moderate proportion to the creeper feed; in a few. to one doffer-th.e ~r.:i 
,md in one or two only, to the bottom dofier. But, apart. from dust.-em1tt1ng 
points not provided for, the results may be inadequ.:.te. C.:i.rding m.:i.chines are 
occasionally installed and put into use without exhaust, this should never be done. 

Efficient results are not possible unless the exhaust draught is applied a.; 
rlosely as possible to the dust-producing points. Transverse .:i.ir guides. with 
br:tnch ducts connected at eACb end. are apparently more efficient than pyram1dai 
hoods of the usu:tl type. Ducts of adequate diameter and high duct ve:o.;i:i..:.~ 
are es~ntial. 

The usun.l air guide for the cylinder, provided to effect removal of dust 
hoth durini c:irding, and stripping and grinding (though proved inadequate 
for strippinir) is placed a litt.le above an opening in the crown of the cover Two 
hranch ducts. as above, and in addition 11. lar~er central br11.nch duct (for use 
during stripping) are connected to it. The shallow spACe below the bock r:,f 
the air guide is clOHd up during carding b_y a wooden hini:red piece-thrown 
back for stripping-And the du. .. t produced at the cylinder is prevented from 
escaping by inflow of &ir from the room, at the front. The dust-laden air is 
withdrawn at the side ducts. In stripping, inflow of air carrying some of the 
~trippinir dust takes pl4011 from below the lift.cd cvlinder C(lver; the rencral 
hranrh duct, kept clOMd bv a bla!\t ~te cluring carding, is then fullv opened 
tr> provide a Jlre&ter air volume. · 

In one fiLCtory, A circular doffer cleaning brush runs continuouslv 
:\hove the dolfer comb. A ovramidal exhau11t hond il'I provided. but 
much dnst escapes; unleaa fully efficient exham1t i11 rievillf'rl an alternative to this 
cleaninir, if really neoeeu.ry, •honld be found. The collection of comhed web. 
previou1ly referred to, i1 done without exhaust 11nd dust is produced. Collection 
miirht be effected by ezh&mt draught II applied for removing l'lide waste at 
ronden■en. 

Not.with11tandin1r the UM of covers for cud l&tti~ feedA du11tv conditions are 
prodncecf and ezhaallt dn.alfht should be applied at thi1 point also. 

StriJ711i11q anti Grinding.-Card " strippinir; " cir cle,minir illl done when the 
ma.r.hine i11 opened oat. for !'rindincr. which follom clcaninir; n.nd takes plnce at 
f'!&eh mAChine about once a week. but shorter anrl lonQ'et interval!, also oht:-.:r: 
In 0011 imr,ortant facto" the two Droce!l-'!Cs a.re combined in one oper:i.tion. Roller 
and clearer r.it.rd1 moat be openetl out. i e .. the lattil'e feed and bre1111t, and con­
den11er Anrl dnftrr carria.«91 l\re drnwn hnrk. the cvlinder coverii are raised. and 
the Tnrinm1 !lfflA11 rnllef'll, which lll"f'! tlrnncrl nnrl irrnnnd nt n !tpecinl marhinc. 
remo'Nff. The rvlindcr i11 fiJ'llt. rlrAncrl. with the rlnfTr.r rnrri:u:e rirnwn bnck: 
the arrinirc is thl"n reola.ccd nnd the doffcr11. nm :i.t. n ,:.?;rc:i.tlv incre:1:o.ed ~need. 
cluned in tum. Cleaninll' takes about ten minutes and i11 lll'IU&l!y clonf'! in workin~ 
hours. but in one cue. at leut, after. The mf'!n preu their " strickles " r;r ~a! 
hand bru11h.-11 about 12 inchet'I lonlf covered with card clothing, !1.ll:linst the wire­
COTf!rerl surfaces. Much of the debris is he&vy 11nd falls to the Roor. Dust [s 
eTolved in 11. dense cloud, some beina: removed 11t the cvlinder exht1u!tt hood. In 
one ouc ftoor openinlf', beneAth the machine. !I.re ronnected to the exhaust 
Pre!ICnt exhimst ur1m11"ement11 11.re 11.ltoirether inade(!uate. p:i.rticulnrlv so i1• 

reirl\rcll' the hnttom doffer Mnch dust is therefore carrierl into the· zener:tl 
.,tmo.,.ohere of th, room. The clu.nef'!I wenr respirntors or " helmets." ., 

Tn ll few cuea. mnre elf~iT11 mel\ll'IH'~ &re taken. e.ll .. the opP.nerl-nn! 
m:\i-hine i• :1lmo!lt l"ntirelv tni-lnci-n with hil!'n l':\nV:\~-rnver,d ,<('r~ens In trr 
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·scri~.5 where cle:i.ning t.'.lkes place :ir'tcr worki11~ hours, un :.1.uxdi.'.l.ry t.:xhaust 
system, with :i. hood ior the bottom dollor, is brought into use 

Grinding which t:i.kes several hours, is :i.n :i.utom:i.tic process e!Tected Ly 
:i.bro.s1ve covered rollers driven by the mo.chine. The small amount ot' Just 
produced is chiefly of :i. meto.llic cho.racter. 

In :he factory where grinding and cleaning o.re combined, tile Jailer cxli:i.ust 
arro.ogements o.re first re-connected. ~[uch less dust is evolvcJ .,nd ccppe:i.rs 
to be dealt with more effecuvelv. This fil'm consider that ho.nd stricklrng lierore 
griodiog should oot be o.llowed. Their methods mo.y, however, not be generally 
o.pplicable. A little strickling mo.y be nc-cessary after grrnding to remove smc.11 
?1eces of d~bris. 

The tro.de reco!!tlise that present conditions :i.re cot satisfactory :i.nd experi­
meots are being made with the object of developing improved :i.ppliances. In one 
case a revolving brush is being tried, with independent exhaust dro.ught applied 
by flexible connections; it is said to give promise of success. The brush 1, 
narrower tho.n the hnnd strickle and less duat is evolved :i.t :i. particular moment. 
In o.oother case, :,. v:i.cuum fitting is under considero.tion. Previous use oi vo.cuum 
stripping w:u given up because of rapid erosion of the metal pipe bends aod other 
?arts. Unless effective dust suppression is renlised for stripprng, all workers, 
other than strippers, should be excluded while 1t 1s ID progress and for some time 
o iterwnrds, and the l'OOm well ventilated. 

The m.'\chine for clenoiog and griodiog the smaller rollers, which gives riSc 
to much dust, should be fitted with efficient exhaust arrnngements-o. straight­
forward matter-and :u completely enclosed o.s practicable to collect the heavier 
nebris. prcco.utioos which ore cot alwnys taken. The machine is either installed 
in the cnrdini:r room, or in a room adjoining. Independent machines should be 
provided to deal with rollers of different length~. otherwise inconvenient adjust-
1ncnts, liable to be neglected, have to be mnde. 

Card Sid• W1ut1 Trtiummt.-The irregular "selvedge .. of rnnled fibre, 
separated at the two sides of the finishing card, being unsuitable for sliver yarn, 
i~ removed by suction draught to n " si<fe~nd " mnchine, which prepo.res 1t for 
iurther use. The material is blown upon perfornted cylinders, the air escnping 
at the side nod the material being dischnrged on the floor. The process produces 
dust, pnrticularly when the feeding is irregular, the air then having :1 free pnth 
between the cylinders. The material should be delivered under suction nod not 
under preuure, a" pressure" machine being unsuitable. 

Spinning and D011bli119.-Ynrn is spun o.t flyer or ring fro.mes which mo.y 
carry up to 80 spindles, 40 on eACh side. Much piecing is re<Jmred owing to the 
comparative wenknesa of the fibre. A line met11l thrend is spun with asbestos, 
for brake lining, nnd certain other purpol!e!I. Mule spinning 1s not prnctised in 
this country. A large amount of doubliug is carried oo. 

Spinning, more particularir riog spinning, gives rise to dust, continuously 
produced by the " ballooning ' out of the fibre owing to the rapid rotation of 
the spindles, which may run o.t speeds of I, 700 revolutions per minute, nnd 
1otermittently, wheo the ynrn bre:iks. Doubling is lesa dusty th:in spmnrng. 
While the nmouot bears no comparison with thnt produced in cording, o.nd is less 
thno that from dry weaving, the workers are continuously exposed to some dust. 
more in some factoties thnn io others, doubtless due to differences 1n working 
methods or :-,- ,terials. Exhaust draught for its removnl h:u not been applied 
hitherto, but <:<perimeots io ooe factory have been so far successiul tluit t.he firm 
iie prepared to equip nil spinning aod doubling frnmes with exhaust ventil:ition 
;,lo.nt. embodying (i) exhaust ducts parallel with the frames, above the tin rollers. 
with sho.ped hoods nt intervo.ls, each to den! with a small group oi spindles, and 
(ii) for more effective conccntrntioo of the draught, p:inellin~ for the ends and 
lower po.rts of the frnmes bene:ith the spindles, co.p,.ble of being easily removed 
when necesso.ry. Such safe~,uards ml\y require somewhl\t wide application 
unless special general ventilation is provided. 

Warpina-Warp beams arc prepared in the usunl way from creeling frames, 
1 sm:i.U evolution of dust occurnng at the frnmes and beaming machines 
localised e~haust vent1l:i.t1on conld hardly be applied e!Tcct1vel,· . .\ oart1t1oned­
:.IT snJ.cc, mechanic dlv vent1l:lted crosswise. with extraction ,H. \ow 1,evel wou!d 
,:,free~ i~provement · 
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Win4inq.-Maoy wioding machines are used, ,aryin:; irom makeshift t:·:Jes 
of prtmmve construction, at wl11ch the pra.:tice may obt:w1 oi hol1irnr.; the :-.--.::: 
lll the hand, to modern universal wmdcrs for winding " ,ilccscs · · Dust :r.a.:· 
be evolved :o ,;ome cxtcot. part!<.:ularlv rn ~on11ectio11 with the c1l.HWC p:-a.:~:c.::. 
whtdl --~uld lic dim1oatcd. .-\.ppi1cat1on oi exha.u3t Jrau,;ht \\lll t!H:r: i'.:·c~.:..:: 
not be ueccs,a ry. except in part1cul:ir cases. 

Plaiww 'lnd llraiding.-PI:uting and braidmg, a.Isa carried oa 1a cm;1nc 
packing and electric cal>le factories, a11d done at machines oi norm:i.l ,::es1gn. 
cause some evolution of dust, except where the y:i.rn 1s 1mpregn.J.te<l with 
"grease.·· While the amount of dust is sometimes less thall in spt::iur::;. ::.e 
ctifferencc is not material. But there is perhaps less cxrosurc of the or·e~ci'.:·.: 
under ordinary working conditions :i.nrl precautionary measures ,)tn.::r ti:an 
localised exhaust ventilation may .. uffice. 

Weavin1.-Looms vary greatly in size and general arrangement. .-\s ;na:-,v 
as 140 looms may be found in a single room, but this i3 ci.ccptional. The cicar 
space between machines may not exceed 18 inches. Some looms <1.re independent:,· 
driven by electric motors. Cotton warp or weft is sometimes used. Thin clot::. 
fur mattress covers, filters. clothing. etc., is woven from a srni;le w;,.rt1 J~ ... :u 
.it a simple type of loom. Belting looms. for thick belting and brake :in:::; 
material arc complicated, several warp beams, arr:i.ngcd in tand!!m under the 
lnom, or in some other conveuient way. being required. These looms arc narrow, 
but oftcu very long. Tape looms are also n.i.rrow, unless several tapes are woven 
togetl,er whP.n ~ever.ii shuttles, in line, working: in unison, are used. C:oth ;s 
beamed at the front in the usual way, but beltmg may be led under the :,,.~ 
and coiled high above it, at the back: 

Most weaving is " dry," but some weaving is done wet, either warp or 
weft, and occ:isionally both being wetted. Wet weaving is accomplished more· 
easily and a closer weave obtained, but rusting of heald fittings, and the subse­
quent drying entailed :i.nd the less satidactory appenranrc of the m:1.tcri:1.I :ire 
d1sadv:1.ntages. Thoroughly dry fabric is required for brake linings and rubber­
proofed material, and wet woven cloth m:i.y be strongly objected to on tnis 
account. 

Considerable evolution of fine dust occurs in dry weaving a.s a result of 
/1,) the forward movement of the slay in " beating up," this source b<:ini:: close 
w the orcr:i.tivc, (b) the rcpca.te<l contacts of the rising and falling warp threads 
with their neighbours, thi1 source being the most important from a quan t1 tati ve 
,,.tandpoint, (c) the disturbance of" dust "or" fluff "on machine parts, espcc:.:.::-.­
those in motion. A fine dust cloud may be observed behind the hcalds above the 
warp threads. Much less dust ~s produced in wet weaving. 

Some " dry " looms a.re now fitt.cd with localised exhaust usually applied 
to deal with dust e..-olved by both (a) and (b), in some cases (a) only. (a) A flat 
horizontal "hood '' is fitted in front of the operative. just above the cloth. ~he 
opening facing toward• the bealda; (II) either :i.n uprii;:ht pyramidal hood. placed 
transversely, or horizo11tal flat hoods, one on each side facinp: each other, arc 
fitted close behind the healds. The second arrangement is the more effective 
for narrow looms, u the " acillors-like " action of the warp threads appears 
t.o displace most. of the duet to the sides. The exhaust rlrau~ht h:i.s effected 
some improvement, but all the dust is not removed, especially that produced by 
(I,). tt mnv be impr:M:ticable to apply the dro.ught to all dust-producinc: points 
behind the hr.aldii. po.rticnla.rly o.t long looms. but gre:i.ter success would h;v:c 
been o.chicved with more powerful <il'nu~ht anrl l.,r~cr :i.ir rlisplnccmcnts, .:i.s is 
now boing rcco~niaed. 

The method11 described for dealing with the dust created by (b) must be less 
successful at cloth looms of ordinarv width. A few such looms in nne fo.ctorv 
h;ne recentlv been equipped with large " bonnet " hoods, fitted trans·,ersclv 
rloae down over the ma.chine. covering the slay, reed and he:i.lds. The hoods a~e 
C'f hemisnhericnl section, with extensions over the shutt.le boxc11. An internal 
Plectric lic:ht fitting, 11nd hin~erl sections. facilitate working A powerful 
,Ar:i.nc:ht. suitably :i.pplied. shonlrl prevent escape of clust. ~eneraterl wtthin 
Tn ~nother case. experiment is said to have shown that .i. transverse inclined hood 
facin~ the operative. placed iust below the warp near the front of the loom 
ran be more effective for rerlucin~ dust concentration in the :i.ir breathed, than 
present arrangements, nnrl the new design is to be substituted 



Application of efficient dust removal arrangements to weo.ving ls clc;i.rly 
dtfficult. The eltpedient of installing individual machines or smo.11 groups o! 
machines in suitably ventilnted small rooms or cub1des. o.s suggested under 

',\· .l:[)ing · · does not appe:1.r to have been tried, but might be considered : :· 
'.-.c:i.Lised arr:rn!l,'.ements are not sutliciently etfcctive. Long n:urow sheds. :\,r 
a single line of looms, ventilated as suggested, might be :i. possible :iltern:i.:i\·e 

Clot/, Piclcing, E.ramining, J,[ensuring.-There operations involve runniu,( 
<,ut the rolls of cloth :ind tend to produce a small .i.mount of dust. H care!'ully 
done, so th:it very little dust is created, other precautions mn.y be nnnece,,s.i.ry 

~ON-TEXTlL&S. 

Fiberi1.ed asbestos is not ui;ed in some of the non-te:ctilc t"ar~or1es .u,d 
exposure to asbestos dust mo.y be $light or even negligible. Dust 1s .:voh·cd ,., 
fo.ctorie~ or depo.rtments where such material is prepared for snbsequent u,.;_ 
or for s:i.le, and :ilso in dep11rtments where fiberized material or dry mixtur~~ 
containing it :ire ma.nipulated in preliminary ma.nufocturing processes. a\~ain. 
5.nishing processes, involving o.bm.ding or cutting l\t high speed, mny be :i. sourc ... 
of dust, but such dust may conta.in only a small percentage of asbestoi. The 
applic11.tion of ex:haust drnught, where suggested in the following; descripti"n 
of processes, is in most cases a str:iightforward problem, comparable with many 
c,thers met with in non-textile factories, e.g., woodworlring nnd grindin~. where 
machinery similar to that descrH,ed is used. 

F'iberi%ing or Op,ning.-Fiberizing is almost exclusively confined to works 
in groups (b) and (c). Much of the work is done under less supervision tha11 
in textile factories and unsatisfactory m:u:hinery is more common. Primitive 
ieo.sers (" devils ") are used in severa.l mnttrcu-mnkin~ works, nnd chambe1· 
work is :i.lso 11n un!l&t.isfactory feature (,iee p. 22). 

Io. some asbestos-cement. sheet factories, crushed material, from ~dg~ ru111H!l'S. 
:·alls into worm conveyors below, which transfer it automatically to disintegr11.tors. 
In one large works, t.be proceu is being entirely enclosed; the material (roni 
the edge runnen, which a.re ~t.t.ice-fed, will be d&scharged upon a conveyor ao.d 
r:tised by an elentor to la~ overhead 1t.orage hoppers, fitted with automatic 
bagging lattices. ~illld ez.ha111t. draught will be applied at feeding and 
delivery point■, where dlllt. might escape. 

Chambers h&'t'e been eliminat.ed in some large works, with beneficio.l result:t, 
The material, aft.er being disintegrat.ed or opened. is fan-ho.ndled, and blow11 
to a hopper fitt.ed with bot.t.om rotary delivery valve,, the o.ir being re-circulo.ted. 
The materio.l is bagged a.t l11.tt.ices. Direct supply to a m11.nufacturing point ill 
::inrither improvement. now being tried. Such pneumo.tic coovey&nce should b~ 
pract.ic11ble in many cue■. Localised ex.haust. o.t. feeding and discharge points 
of these system■ i1 necessary. Vacuum methods for filling sacks mn.y nlso be 
r, rac t ica.b le. 

If chambers a.re retained, the necessity for entering them might be n.voided, 
by providing chamben of !lmnll front. to back dimensions fitted with low doors, 
at 1vbich sack filling would be done. localir.ed ex.hnu11t ventilation being applied 
,iver the doors. 

(b) KillbO&rd, Paper, Sheets and TUes. 
The wet mixtures for millbo11rd, paper, and asbestos-cement products are 

prepared in a beater, a.a used in po.per mills. Dry fiberized I\Sbestos is emptied 
into the beat.er trough, the sacks being shaken to some eittent. Evolution oi' 
<lust occurs before the mo.terin.l becomes mixed with the circulll.tin~ water. Occa. 
~iona!ly a so.ck is emptied before the water is turned on. Several sacks are 
required, for a charge :i.nd the procns is repeated n number of time~ dally 
P~ecaut1ons :ire not ta.ken at preiw:nt but the du!it mi~ht be avoided h" 
,,,,) mechnnica.l feedini,; under encl~ed conditions. n.s appears to be <lone 1n ,or,,,• 
·.0rcign works, (b) :ipplying exhn.nst draught, (c) feeding in ~m:il 1 <'.lunn '. i:: "' 
.1nd in such a way that the materi:il is wetted at once. 

Fir11shini;t processes on a.sbestos-cement sheets include sawing to size. ,:orn:­
~J.:,:.:g. ;:,ress1ng aud drilling, carried on in some fa.ctones wit!i ~~e !T\ater::\! 
;o :noist :i.s to ?revent dust. l\nd this practice should be adopteo gener:i.i:y 
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Otherw1:;c wud1 Just 1s produced ia ~aw111g. uw1ui; to Lhc r",,td ~uL~i;1;,; ;; l"·:. 
and localised exhaust ·1s nccessa.rv though not .1pplied. :::irnnl.i.rly, :~:~. :- .: 
tiling a.ad :;mootl11ng oi dry asbcsc.os-cemcnt pipes, at l.i.thes, :i1.1y require cxh ... ~~t 
to remove the dust produced. 

Syuthct1.: ~orupo .. 1t1ou sheeuog, so111ct1111es matlc lll ,i rul.lbcr dcpart1r.e::t, 
1s produced from duul!(b coosist1og of f1berized asbestos aod rubber, 1111x~d with 
;,olveot Ill kneading m.i.chines. Dust is produced in feeding the 1111xer .--1~li 
Jsbestos, done in a11 open maooer by ha.nd, from sacks or ,kips, the ;a..:ks be:n(! 
,hakcn out, or from .i.n open lattice feed. :5ubseque11t pl'ucesscs are ,ju;t.; r"" 
l·:xhaust should be applied at the feeding point. 

(c) lnaulation M:at.erials a.nd Articles. 

Co111po.s1tiou.s.-" ~faguesia," the mo&t important 1nsulat1og con:pos,::c;; 
1s produced on a. large scale by the principal manufacturers, by cudased methods 
with pneumatic conveyance oi the mixture to automatic s:i.ck fillers. We1gl11ng 
and reeding the fiberizerl ;i.l';hcl';toi; gives rise to dust for which c:o:h;iust .~ 
necessary . 

. ~il>erize~ asbestos or " lll~ne&ia " is a. component of many ,nsulat1ng com­
pos1t1ons which may alao cour.am clay, k1cselguhr, fouil meal, flax, hemp or 
_jute waste and other materials. 1'he proportion of asbestos in the {inal pr.:i.:iL,.:t 
varies widely. In many small works the materials are mixed " dry." by h.iua. 
;u an opeu manuer, involving sack emptying and tilling, shovclliug a.nd wc1,,.h-
10g. Enclosed rotary mixers could appareatly be used for such work ·,\~th 
cx:ha.ust applied at feeding point. and the m.iterial dischar:;ed :.nd b;i.:"<?d 
under enclosed conditions. If hand work ii' ret..1.ined. e~haust should be .ipp11~d 

Consolid<&ted Sh,ets.-1.arge sheets resembling thick mats, built up of layers 
of fiberizcd :i.sbestos, aru consolidated with silicate of :;oda, spra.yed on in m.i. .. .;­
lacture. The sheets nui.y be hacked on one face with inillboard, or supplied 
1, ithout a. backi11g, being faced when fixed with millhoard or :i.~he~tos-cement 
~heets. 

Thu :1hect.,j are produced of the required sizu and ~ha.pc at work benches. 
or built up 011 the table of a machine, ~p;i.ble of slow reciprocating movement. 
;,11d fed from :i. hopper a.l>ovc. In the former ca..<1e, the tibcrizerl matcri.11 is ,.;;;,~:; 
in hn.nJ[nk; !°rum skips a11,J llpread out iu Lhc fo1·111,;, the tiUrplu11 I.icing scr;LpcrJ 
.iway ;ind falling al>out. at the sides of the work benches, and on the !Loar~. ,, 
,·onsidcrablc quantity being smt.tercd. Dust, produced in manipula.tlllg the cirv 
fibre, before trBUtment witli the silicate of soda, is largely 11voided at the niaciune 
Efficient locali~ exhauat should. be applied to the hand process with 1mpro,·er: 
oonch arrangements, to prevent scat.tcrmg. 

Band .awing of piled sheets, causes evolution of much dust, owing to the 
cnnsidera.ble deptn of cut. Localised eithau.-.t alone, not. yet ::i.pplied, may prove 
i I u1ufficient.. 

::ieciio,~ a,id Slab,.-Moulded iuaulation is made chiefly iu two forms, sec­
tio111-scmi-cyli11dric:1l :md moulded hollow to 11uit various pipe ,izc.c,-and slab •. 
,'l'hich arc rcct.o.11gul:1.r and solid. These product.a arc usually moulded wet, either 
by hnn1l nr ml\Cl:iinery, from n. paste or cream, prep.ired i11 a mixing machine 
.. r t..1.nk. l•cctlin~ uf <lry m:3.t.e1·ial involves evolution of dust which mig:ht be 
rivoitlcd by ouc of the 111..-Lluxl11 i<llg'.l,.'Clllcd for f<·erlin~ hent.crs in milll>onrd m:1.king 

ticctious arc 11111<.le a.tone factory IJy a dry pn11,;c=wo, ;~L a 111achmu 1ntli 1\cn:utly 
cnclo»cd. Feed hoppers, filled from ijlups, deliver the 11.Sbcstos to int.crnal la~ticcs 
which in turn supply a travelling band, at which the section 1s roHed by· hnnci 
Revolving brushes which clear the \at.ticc and spread the ma.tern1.l evenly on 
the band give rise to much dust. and dust is produced at the hoppers, .:.nd in 
rolling a11d brnshing away superfluous material. Exhaust draugb.t, not hitherto 
i.pplied, is to be provided at the exposed brush and the machine is to be more 
l'flectively enclo!lerl. An enclosed " feed " is alr.o necessary. 

The scctio1111 .i.nd slabs .i.re t1·i111med to size with ci1·eular or baud ;;i,1r; 
Much dust is produced and exhaust draught. is commonly applied, but is tn some 
rascs inefficient.. Circular s.i.ws used in some cases in pairs. for trimmini: ends 
in one operation, can be fitted with eithnust hood11 ,,IJove and below the bcnche~. 



.:.:..1 ;:J.nd ,aws ..:an be enclosed belo\V the tables and invcnctl hooJs iitt~d. t;,~ 
~x!'?.:i.u,t Jr:i.uc:ht bell\g applied :i.s !'or woodworking machine;;. E!hi.:1..:n~ :i.rr:l.'l!.:!!· 
ments should ue readily prnct1c:i.blc ior ti.11 :;;.1win~ work h..:re 

Jlattreues.-~fattresses are manufactured by pract1ca.lly .ill ,inn~ \\ h" 
produce i11sul.a.tio11 1·equis1tes, though only o~a.sio11.1.lly by some. :-.Iattrcssc; :ur 
large contracts are made in the ..:011tr.i.ctors' premises. thl!tr uutc!our ;tall :ak:ti:,; 
:,ecessa.ry measurements and preparing ruugh plans. A mattr~;, has sumeti:nt~ 
to be made on site. 

~11.ttress maki11g involves, uroodly :ipeo.kiug, the scquent:e oi proces,e; 
associated with the making of domestic m:i.ttrcslM:S. The work 1s :i.lmost ent1r~1y 
hand work. Lengths of asbestos cloth t'or covers are cut Ollt 011 .~ wiue bench 
.. nd sewn up, by treadle or power driven m(l.chines, to an extent ,lcpc11din;; 011 

the method of filling. Large mo.ttresses tnAy be sewn a.long one sidl! unly or buth 
.;ides may be seamed o.nd filling done from both ends. Dciiorc tillin~. ,ov..:rs .1r-! 

turned inside out. Supplies of filling m:i.t.eri:i.l, which usually, but m,\y 11ot. 
cont:i.in fibcrized ;i,;,besto::1, are brought, 1n s:i.cks or skips, from d1.Lml>c1·~. or t.i.k<!ll 
from open bins, in the room, kept supQ_lied from the chamber~. or t ro111 "'\1.:ks 
of material supplied by outside firms. Filling is done by h:1.ml, s1.:oop or ;h,wcl. 
:i.nd qu:i.utitie,s mtw be weighed. The end filling of long double-seamed 1Mttre~e,;, 
referred to o.bove: necessitates the workmen mounting on the bench to ~mpty the 
mo.terial from skips into the openings. After tilling, the m:i.ttrcs!'I i,; \e,·el\d or 
beo.ten, to m:i.ke the filling lie evenfy within, the hand or a flM wooden \ic:ncr 
being used. Finishing pr~ include final sewing, stuubmg or lmtton.ing. 
fixing on hooks, etc. · 

Some dust. is produced 11.t. the cutting out bench, in opening out the roll ut 
cloth, :i.nd o.t the sewing machine, but far more in taking mater1:i.l from bins or 
sacks, in weighing, fillinJ and levelling. Beating of the cloth produces nsbe,sto~ 
dust, the :i.mount. of which is largely incre&IICd if the filling cont:i.ins :i.sbestos. 
The work is l11rgely done without regard to the necessity for suppressing du!\t 
All benches are entirely open. Localised exhAust draught is not o.pplied. 

One firm ha"H improved conditions considerably by the following pre­
cautioDS :-

(a) K~ing ftoors and benches diunp and spro.ying cover!! before 
filling. Rou connections and spray fittings are provided. 

(b) Su0-division of department into several independent workrooms. 
(c:) Exd111ion dUl'in~ filling of all workers not so emploved. tb<' 

excluded workers proceeding to another section. • 
(d) Mecbuicol ventilMion of each room by cros!I ventilation, embody­

ing plenw:n supply (warmed when necesu.ry) at. one side :i.nd low level 
extraction at the oppoaite side, the air being changed between 10 :i.nd 20 
times per hour. 

{•) Enforcement of use, by tillers, of respirators. 
These preca.utiona do not include application of localised exhn.ust ventilation, 

without which mattHSS filling and bco.t111g must involve some risk of inhalation 
of dust. For small mattreues, a. wide double-sided canopied bench with exh:iust 
draught. applied at gratings along the centre line might be used, the f11lin"' 
material bi11ng supplied within the canopy. Such a bench mn.y: not pcrh.i.ps b~ 
practicn.ble for the making of la.rge m:i.ttresses but the possibility should be 
e1plored. Otherwise at leut the precautions referred to ::i.bove ~hou\d hE> 
n.dopt.ed. 

(d) Brake &Dd Clutch Llaiqs. 

Before being impregnated, the dry o.sbcstos cloth, kuown :i.s ·• grev.'" rn:w 
be calendered llt squaring rolls :i.nd in (1.11 CASCs the coils o.re c:i..sed out to ·si?par:ite 
them a. little, so ensuring thorough tre:itment by the liquid. A little dust is 
producad in these operations but insufficient to render special preca.ution:i.rv 
me:i.sur~ n~~lllry. Other prep11r::i.tory wo~k on " grey " :irises in the !ll.'lki11g 
of spcc1:i.l hnmgs. Lengths of cloth :i.re lightly ho.mmered to ring ~h::i.pe, 1n 
templMes, then cut with chisel or shea.rs :i.nd the r:i.di:il edges sewn to~ethcr at :i. 

wire-smching machine, o.s used in book-binding. Dust occurs in hammering and 
stitching. A. canopied bench fitted with loco.lised exho.ust ::i.rrnngcmcnt~ rn1ai1t :.ie 
provided and the machine pl:i.ced under exha.ust dr:i.ught. " 



Dry impregnated material 1s shaped and finished marnly uy power-yr,·._;. 
machines. e.g. knives, circular and gu1llotrne, cuttrng presses. nydraulic squeez1::; 
pte$.se.s .. u1d baud saws. Cutting and :iil.wing expose ends oi wire an<.l leave :ougi1 
edges. tnmmrng ;ind imoothing, done on grmdini; wheel.; 2,,nd lirushers, J.:e 
necessarv to vbtatn exact size and finish. .\11 the opcra.:1ons. except squeezing. 
produce ·waste. :i.nd dust 1s created 1n some. The dust 1s hc:,.,·y and st1ckv o::: 
les. likdv to th· about than drv asbestos dust. The amount 1s cons1dcr:i.c:c i: 

sawmg a"nd grinding machines ·and localised exhaust drau~ht, to remove "· 1:as 
been applied-in some cases with much success-and 1s always ne<:essary 

Inverted hoods arc fitted at band saws, JUSt below the tables. the <lust being 
drawn through the small openings 1n the ta.ble guides. .\ powcriul draught 1s 
essential. 

Grinding and finishing wheels include, 1n addition to ord1narv ;,~fe-d:c: 
machine.•. two-disc and vertical spindle segmental grtnders, used ior rlat .. n1~ 6; 
The hoods by which the draught ts applied to all these types are s1n11br to :::c,e 
applied to the same machines when used for metal gnnding. The pos:t:on :s 
similar as regards linishers, a hood being fitted in line with :rnd at the ca.C:, ,: 
the band. A baffle plate to pt·cvent dust being ca.rricd past the hood by the ;i::;h 
linear speed of the band is a necessary addition. 

Special linings and anti-friction bushes .ue moulded from distntcgnceci 
impregnated waste. Some dust is created in the filling of moulds and efficient 
localised exhaust draught may be necessary. The articles are shaped and finished 
as iust described. Dushes are turned and bored in lathes, with production oi 
waste a.ncl rlust, but exhaust dra.ught is not at present applied though possibly 
necessary. 

(e) Packin1 and Jointings. 

Engine packing is either (a) " cloth" packing built up irom cloth, u,u:itly 
rubber proofed on both sides, handling of which docs not c:iusc dust, and 

. (b) ·" rope " packing made from yarn, at braiding and platttng machtner:·. a,; 
used 111 tcxtilo fa.ctories. (a) Negli..,ible amounts of dust may :mse :it the 
spreading machine, from the unproofe~ cloth, and, in building up. from ma:c,,~; 
proofed on one side only. (b) " Cheeses '• of yarn arc first rewound on cc::c:c.s 
for the braiuiug ilnd plaiting mll.Chines. Simple winding mcch.~111,ms arc a,cd 
Some little dust is produced; special preventive measures will usually not ac 
neces,mry. 

Flat pa.eking, known a.a " grummct,'' is made, on a small scale. from asbestos 
yarn, threaded on a needle and wOW1d in and out by hand, as balls of wool_ are 
wound. Thia apparently insign,iliant procesa caui;es sufficient <lust to cover ID a 
short time the h&ir and clothing of the workers and should be done :<t a canop,oa 
bench provided with loca.liaed exhaust arran~mcnts. 

(!) ~ Electric Conducton. 

£1,ctrodu.-Electrodee are either wrapped with yarn, the usual method. 
or paaaed through ,,aate containing aabeatoe fibre, yarn being wrapped upon this 
coating. The former method ia usually achieved by a small high speed stra.nd111~ 
machine fitted with a flier carl')'ing the spools or bobbins of yarn, the wire 
tr:•vclling ,u:ially through the flier. Treatment with consolidating liquid, 
str:1.ightc11i11g and cuttiug to length follow, all done .i.t the str:i.nrling machtne. 
Altcrlll!.tivcly, single electrodes m:i.y be wr:i.ppcd by a simple winding mechanism. 
hand-oper:i.tcd or power-driven. l>aate-covcrcd clcctro<les :u·e also made srn:;iy 
at small extruding machines, a flier for feeding the yarn being li.tted beh1od :!,c 
extruder. 

After drying, a short length of the covering at one end is ground away. 
leavius the bare metal necessary for making electrical cont:ict 1n the holder. 
when 1n use. Small abrasive wheels, almost entirely enclosed, are used. 

Small amounts of dust are projected from fiicrs, thnu~h 1nsuflic1ent oroo­
ably to require the adoption of special precautions. ~1uch dust is ;;,~~~,,~ 
in grinding curls and efficient exhaust ventilation is essential; present appar:itus, 
where provided, is capable of improvement. The process would be unnecessary 
if bared ends were left in manufll.Cture, :ind expenmcnt.s directed to thIS desirable 
cud are being made and give promise of success. 
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: .. _ :::•JU1:d !HJ.ttriai.:i ~: .:i. l.iL•:n.:h, un·u1v111g t:mplyrng- out vr dry :::aten.11 :11Lv 
- :...:: Du.;:;t .:> µrcJuccLl., :!ie .uuuunt Lclllb C0!::.1Jcrabll.! tu ~n11u.wg L;tt~i.: 
rJr~1..,u.:.~wn 1s :.~ken Tlic rru(cssc:; :mgllt \Jc a1.:L:umpii:;hcd u11U1.:r ,i~:1:c:,t ..:Hu:-•:'.y 
~nciuscJ 1..o:1J1t10ns, ~1lic1cut iJ_xhaust. Jr..1.ught Ucrng aplJi1cd .~c. por.J~.:i wi.:1..:rl..' 
ary ma.teno.l 1s exposed, e.g , m 1ced1ng. 

Rewinding of yarn 1::i :.ometirnc::1 ncc:l!:ssary ,\uJ rnmit1ve at-r,~:1~c11u::it:; :n,ly 
be us~d. the pr:i.cuce referred to on p.1gc :l4 bc111~ lollowcd, aud as,\ cu11,1dcraule 
amOUllt of Just is produced, the practice ,lioulcl bc given up. 

Cable and IVirinq.-Asbestos-coveretl cable o.uJ wirmg coust1tutc ,1 ;mail 
:,c:·:cnt:i.ge o[ the output at :he c:i.ble factories. The y:i.rn is braided aud [llaitcci 
on the cooductors at machines, not reserved ior " asbestos ·· products, """'"-' 
,-: :::c;e prcv10usly descnbcd. Rewioding of " cheeses,·' :,.s received from ,,bcstos 
t~xtlle t'nctorie::i, is <loue at universal wintliug machines. The amount of du:-t 
:1·0,1·cd is small, :i.od special precautionary me11,surcs :i.re apparently not required 

Field-coil Wrappi,.g.-Field coils for electrical m:i.chiocry .ire wouud with 
J.Sbestos tape by h:i.nd at ordin11,ry work benches. The process docs not give 
nsc to appreciable quantities of dust. 

(g) Miscellaneous . 
.1[c,dded Goods.-i;omc elccti·ical i11sul:i.tini1 titti1111• are 1uouldcd 1rum 

var:,ish-,mp1·cgnated fiberized asbestos, prepared :,.fter tliorough dry,ug 10 a 
c11xer ,u:J ,;ro1111d m an edge runner. Altcruativcly, imprcgnaLeJ scrap, ground 
::: a :·~:nulcr, :uay be used. The prep:i.r:i.tory prnccs.cs un Llry or [lracticaily dry 
t:1a.Ler1J..l J.n: intc_rm1ttcnt, and involve s;J.d< c111pty1t1:.;, shovelling, we1glu11g, 
li!ling and cmptyini; shallow tra.ys. They are carried 011 111 au upc11 111,u111er 
without spcc1a.l µrccautions except that :is reg:irds gruuli.u~. hanging curtains 
::ia;- oe used at the edge runne1·, :i.n<l the scrap rnmbler 1s encloscrl. Dust 1; 
cvol ved "' the processes mcntiooed and localised ~xh:i.ust ventilation sl1ould be 
:i.ppl1ed to el!ect its removal, with, io addition, cltectivc enclosure ot some hand 
work, e.g., emptying of tra.ys into machines could be done inside a c:i.uinet 
provided with intern:,.! arrangements for securing the tr:,.ys :i.nd :,.n exteroal 
lurndle for turning them over. Localised exhaust may b., necessary ior hn:i.l 
trimmiog if done at :,.bra.ding wheels. 

1!oulded articles made in other tr:i.des ma.y cont:i.in but a sm:,.ll proportion 
of asbestos, although a large quantity may be used. In one cnse the asbestos 
1s sieved :i.fter drying, botli operatious being done in eocloscd mnchines, and, 
in addition, dry mixing, done in ror.:i.ry m:i.chiocs, and p:i.ste mixing, on open 
rulls, .is in rubber works, a • also required. Processes carried on with some 
risk of exposure to dust include emptying of sncks into bins, filling of trays 
1or drying, feeding at the sieve elevator hoppers, the dry mixer, :,.nd the rolls. 
Localised exha.ust is applied at (a) the elevator hopper, (b) the storage chamber 
nbove :i.o intermediate bagging poiut, (c) the dry mixer, :i.nd (d) the rolls. ~fore 
efficieot arrangements 11,ppear to be des1rnble for (a) "nd (c); the feeding of the 
elevator might be dooe under eoclosed conclitions if a cabinet a• mentioned above 
v.ere provided iota which the travg could be inserted. Localised exhaust 1s 
necessary at storage bins. Final trimming of rough edges is done under efficient 
exhaust draught. 

Other processes of cornp:i.r:i.tively minor import.~uce, e.~ .. asbestos puttv 
mixin<>, ,n which there is handing :i.nd feeding of dry mnter1al 1n rreparator_v 
proces~es. will c:i.11 for precr.ution• as previously rle•cribcd for ,im,Lu· work 

4.-SACKS. 

Iu :,, few cases sacks of sailcloth or other closelv wuven matcn:i.1 .1re used 
inside the factories. :such sarks arc much to bc preferred to those made oi the 
ordinarv material. which i• " leaky" ancl gives rise to dust in handlins_: 

5.-CLEANlNG OF WonKs, 1fACllIN£llY .,ND SACKS. 

Some factories :ire kept in ,'\ mnre cleanly ~tat(' than (\thcr~. Lrnt higher 
s:accards and improved methods are dc..sir:i.ble g-enerally Weeklv c!ear11ng bv 
d;y :nethocts is genernl in t~xtile f~ctories, but is more e!Tcctivelv done 1:1 some 
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Casual de:i.n1ng m;i.y a.lso bc done duntq; the ""eek Tile 
dust which gathers 1u a week renders cleaning .i very dusty opcratLon Y -·~::; 
worker,; !11av be seen on c:u·dLug :nacl11ncs bru,-hw:,; Just 1:i~o the .L,r :·r·:::: :::c 
covers. etc.: in ,onsiJcrablc ,\mr,unt. nt.'J.r oth~·r workers :3ome :1rms :;,.1.-...: 
instituted more frequent regular s:leJniuf:s .:i.nd inore ;atisfa~torv :netnoc;; ~­
damping before sweeprn~. 

Vacuum cle.1ning methocli; have not 1>1!e11 .i<loptcd aud :;uch :nethocis •<!Cm 

to be regarded as impricticable. but thi;. c:-.n lurdl_v be accepted r':r:,1:}'·• 
vacuum sets nre constantlv used with great :i<lvanta,;c Ln other cla:;i:.e, 0:· ,,,-.-;,·_.:; 
e.g .. electric c.i.ble factori<?~. \),· adult cleaners who keep the m.icLir.e;_ -~-·­
SE'rvice pipes. etc., thoroughlv ,e:i.n. 

If \·acuum methods are not :i.dopted. well orgiuiised daily dea11in1: Liv adult, 
using damp methods for floor cle:i.ninit, should bc the rule in tex~ile ::.c::;~:~­
.-\ water supply with suitable hoMi nnd spr:-._v connections should be pro,·ided 

Debris produced in asbcstos-cemcnt sheet works under moist con<lit:cr.; --~·-
1,ecome dry and c:\use general dusty conditions. Cleaning should be so rrequcntiv 
none .u to prevent this. 

The denning under n11Lchi11e,; ~uch a~ loom~ :iud ..:ard,; eut;uls collect:::,;: 
waste of consider.i.ble value, done at present by hand. Vacuum collection should 
1,. possible: in principle, it is already used for removing side waste at finish:~.: 
cnrd". Thi!' i;ound principle of collecting card w:ist.e, through floor oper:!:1,;:;­
has been ndnpted in onl!! new factory, :rnd might be follnwed in other~. "·:::: 
automatic collecting arr:ingements. 

Sa.ck denning is done in a few lnrge works in c1wlo.-.crl 1nnd1incs, in\'nh-:nc: 
some risk of exposure to dust. in filling and emptying, notw1thsta.ndi:1!-:' ~!11:. 
provision of localised exhaust ventil:i.tion. .-\. type of " exhau~tccl " mac\1::-.e 
which does not involve such work is to be preferred. 

6.--SUMMARY AND IlY.COM)UNO,\TlONb. 

A~tus factories :111d workshops cover ;L great variety of processes. The 
promises diltcr widely in structural features and arc congested in manv cases 
with machinery or matcriAI. I'l'O('.C!l~ll arc- hLrgel:v C"nrricd on in clo,,c ,1:<:<oc1,Lt:~:'. 

Dust is produced :i.t. many kinds ot' machines, in hand procc:-1s work, o.1;~..: .•• 
simple incident.al operat.iora, part.icul::i.rly in emptying settling ch,Lmbcrs. ~nci : .. 
;ill h.indling of " fiberiicd " .ubutos. 

In tes.t.ilc factorica, pure asbestos dust is contiuuous\y produccJ, 1n d1iler.~.g 
nmountl, at. all the principal m~binCli. C:ird stripping, a very dusty operation. 
i1 uswally effected by hand 1t.rickles. Hand mixing of dilTcrr.nt i;r.:.dcs a:.id 
variet.ies, incidental to opening prOC1!!1ll<!S, is also dusty 

In non-t.es.t.ile factorie11, pure asbclltos dust is produced ,Lt opcniu~ ma.chines. 
in feeclL1g ma.chiDes, in maki~ insula.ting m."-t.trcuaa (a du~•y hand process), and 
in incidental hand work. Dust., though r:...·cly pure asbe.'ltos, is produced m 
finishing opera.t.iona, e.g., sawing, grinding a.nd other a.hr:~ding C'lf nl<hestos 
produetl. 

. The 11.ppropriat.e methods for suppression of dust may only be fully deter­
m1nccl whcu the h11m1fnl c1Trr1~ nf rnmp:imtively lnw conrentrntions of nsbes:os 
dust. nre duly :1ppl'CC'i;ited. Very dusty procCMSC!I will not fail to be reco~n1scd. 
but \n prncessce .~uch .i.a spinning and wcavin!,:, in which in other tcxtilc"tr:idcs 
special methods for dust control arc not required, due precautions ;i.re also neces­
sary. The asbestos mannfactnrers arc clc:i.rly confronted with the nccess1tv or 
a.ttainin~ eonditions in t.heir i11dusLrv which· will ensure much less dus: ::-: ···, 
atma&pbere th&n c:i.n sa.Icly be tolerate<l in ma.ny comparn.Lile trades not as111; 
a.~best.os. 

The principal method11 for the contrnl of dust are:-
(11.) appli_cati~n of exhaust rlr:iu~ht at rlust-producini;r pmnt:<: 
(b) subst,tt,t1on of enclosed mechanil:al methoo11 for h:rnn cnn,·c":1.::i~ 

ll.ncl for dustv ha.ncl work :;::cner:i.lly: 
(c) effective enclosure of dullt-producin~ mn.chine,; and plant. 
(d) substitution of wet methods for dry. 
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Li•.:1 u:· ::ie,e !ia.~ it, :i:\nt<.::ilar 3lihcrc ,,t' nt,htv . ..ind the 1Mrt1<.:ular ind1c;t• 
:ions :'or their adoption aro put forw.ir<l intn ,ilia m the reco1iuindat10M below 

RECOMMENDATIONS. 

(l) Application of Efficien.t Localised EZha.ust Ve11.tilation at dust-producing 
points. 

This mell.sure, oi the gre;itest import.1.uce where manufacturiug u.ud 11ic1de11t,tl 
processes occ.1.Siou escn.pe of dust not controlled by euclosure or oth<!r measures, 
1s nec:ess:i.ry for :-

/ 11) Dust-11rt:tducin9 mael,ines, e.g.-
(i) Crushing, disintegra.ting, teasing llllu other opening 

machines; sieving m11chines; fibre grinding ma.chines; dry mi:ti11g 
ma.chines; rolls fed with dry mixings. 

{ii} C:i.rding machines (to su1:1pres1 dwit from cylinder and 
doffer1, c:Lused oy stripping iind grmding, in :iddition to that pro­
duced by carding); card side wute ex11Au1t m:\Chines; looms for 
dry wea.ving; stripping and grinding machines; other textile 
machines, if the dust evolved renders this preventive measure 
necess.Q.ry. 

(iii} Sawing, grindinir, trimming, poli$hing :i.nd other ,lbr:iding 
machines, used on dry :i.sbestos pc·oducts. 

(b) Feeding :i.nd delivery la.ttices, or other conveyo1~, at machinet or 
other plant; feed hoppers a.t clevo.tors; b:i.gging lattices; feeding of dry 
ma.teriAl a.t wet mixing ma.chines. 

(c) Cho.rnben, conc.,.incr11, " cyclone " hoppers, or other enclosed space 
into which fibcrized asbestos or mixtures conta.ining it are delivered, or 
p.us. 

(d) Work benches, e.g. for m:ittreu making, wute sorting. 
{.e} Va.rious ha.iid operations, e.g., sack emptying aud filling, weigh­

ing, mixing. 

This is the princi20.l mea.u.re hitherto adopted, a.nd ill probably that most 
pCltrallJ" a.pplicable. It. has been applied to some only of tfie :ibove rrui.chines, 
and appliances, but not to hand work. The methods of a.pplying the c:o:.h;iu..st 
draught, and other :.LSSOCint.ed factors, are becoming more effective, but there 
ar~ few fully SAtislactory plants. SpeciaJ difficulties remn.in to be overcome io 
so::ie cases, e.g., looms, mi:ting, m:i.ttrcu ma.king. If not. surmo".nted, an 
alternative, viz., general ventilation of :i. high ata.nda.rd applied so AS r.o dr11w the 
dust-la.den a.ir a.way from the worker, should be provided, 

(2) Substitution of euclOMd mech&Dic&l JDA!thods for h&nd CGuveyance, md tor 
dusty h&JSd work generally. 

This meuure-
(a) avoids depositing material in chambers, intermedi4te filling &nd 

emptying of sncks or skips, h:i.nd feeding of ma.chines, and other incident&l 
hnnd work; 

(b) permit:! of fiMl filli11g &lld weighing, undp,r the lea.st dusty con• 
ditioo.s, of m:i.uri3.L!I for dispatch: 

(c) render~ exhaust dr:u1ght. more effective. or, in ~ome ea.set. 
uaneeessary. 

It is already employed to some extent, and its further t\pplic:i.t1on, "'herever 
possible. is gteat!y to ~ desired. 

{3) Eitective enclosure of dust-producing machinea and pta11.t. 

1ci) To prevent escape of dust not coatrolled liy e!tluiu:u dr:\Ugllt, or 
(b\ to render tts ::ipplicat1on more efficient. 
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(4) Substitution ot wet methods tor dry. 

l'o reduce the dust giv<'n off in ccrt..:11n procc;sc::, .un.l war:,. c . .; , 
•a) a cousider:i.ble amount oi wci1.v111g: 

. (b) mattress niaki11g, by wetting the ,Ol'ers bt'rore nllm:;, .. nd ::y :;cq:,;e::: 
wettiog o i Hears and benches; 

(c) final sawing, a.nd other machine proccsse:., 111 .1;bc:.to::,•<:cm,·11t -hcet .:.; .. , 
tile factories. before the prepared ma.t,mal bas ha.d time to .::.ry, 

(d) works' cleaning, hy damping :!oors .111d benches, \;eiorc br:,;;h::.; ,:.~ 
sweeping. 

This measure might be adopted to a greater extent :han at presc::t 

(5) El.imil1at1011 of certain dust-producing appliances. 
Certain applia.nc.es are used in a few works. sometimes with ::i. 1r. .;ure of 

precaution, but which emit much dust, difficult or impossible to control b, cfficic::: 
enclosure or exhll.UA!t draught. They should not be retained unless ~fkc~:"c:y 
modified. 

(a) expoi:;ed doffer brush at carding machines; 
(b) card side waste exhaust machines, deliveri11g under pressur~: 
(c) certain willeys and te:Uers, particul.t.rly old m.ichine:s. 

(6t JJ>&ndODDWl\ of Settllq Chamben in ?ttanu1iu:turing Processes, to the 
utmost utent. 

(7) llectual separation of pr0ces111 to prevent unnecessary exposure to dust. 
New factoriea should be laid out so .is to :i.void eXp0$ing workers to risk 

from proces&eS upou which they .ire not eng.iged. In particular, there ~bould 
be effectual separation of-

. (ci) opening, carding .i11d wea.ving, from each other, and from anv 
otlier proceu; 

(b) spinning, doubling, plaiting aud similar processes, from ·.,·c<, 
not causing du■t; 

(c) mattreu making, from all other work; 
(d) chambers, cootaining fibetiz.ed asbestos m bulk. and dust scttli".'" 

chamben and apparatua, from any workroom. 

The separation ·of mattias making should be adopted i11 existing work~. 
and ot.her separation referred to, n.s far :i.s prllCticable. 

(8) Wida !ipMUll of 41111-produciq machines ill uew !&etories &nd, as far as 
pracUca!,11, iD. emting worlu. 

Thi■ measure wowd bring about permanent reduction of dust con _atratic~. 
in the •ir of the workroom u a whole. and provide improved cle11.ning facilities 

(9) tJ'N o! sac:kl or close tat.ure material tor internal work. 

(10) mclen\ cle&lliq IJIWD. with wide use ot vacuum methods. (See also (4:).) 

(11) Storage of asbestos and other goods to be outside workrooms. 

(12) Ezcluaion of young persons from specially dusty work. 

Note.-P.irticular preventive measures of a medical n::i.turc J.rc referred to rn 
Pa.rt I. where also the limited value of respirators J.~ n sa.icgu:i.rd in thLs 1ndu;;~r·.-
1r. briefly discussed. 
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Some exhaust plants are c:u·efully dc~igneJ .md reasonably clticlent, but 
some :ire ill-designed .lOJ incllil.iicnt; others. ,1g,1in, do not etfoct r.:111ova.l or dust 
:o a ;;utficient extent. The draught may nut uc ,4[>plieJ as dosely as p,.>sstble tu 
::,c du,;t-pr0Ju1.:111g [>uints. ,,1· 111,iy be tuo wc,d<. The cn11ss1on ot a ,mble dust 
cloud ,1t a [)IJl!ll whi:re i:xh;,.•i~t is applied is ,1 dear 1ndicatto11 uf uiadequ:i.cy. 

Extensive ::i.lten1tio11s 01 existing pla.ut,; may produce se1·io11s los>J of elficiencv. 
Exn:i.ust prov1~io11 for new ninchiuery ,m<l pro1ce:1:iics should, therefore, ~ener:i.llv 
sc<?::i.kiug, lie m:-tde im.iependentlv. While ,ulv:mta~es result from denhng wit!t 
m,1ny dust-pn:ducing points, by ,i single exhaust pl:i.ut, a. nurnlit!r of self-contained 
:,L\!1cs. with independent f,ms and ~ett.ling nppo.r:i.tus, is o(te11 more effective. 

Exhnust ,entilation .i.pplietl on a. large :,;cale euta.ils continuous removal of 
,i cJnsi<lcralilc volume of :-tir from the room. The supply of fre11h ,Lir 1nu~t be 
,\mple or the elficiencv of the exhn.u!lt vcntila.tio11 rn:i.y be reduced. [n winter. 
the \Yorkers are \in.hie to urinic ,ibout this result by closing win<low:1 and doors. 
Plenum ventilation c,1pnhle of !lupplying the volume extracted, the incoming 
a.ir being wnrined, rnay therefore be desirable, where extensive e:tha.ust plants 
a.re installed. 

Efficiencv of :i.11 e.dmu=ot ventilation plant m11.y be greatly reduced hy 111-

l!ificient dust-settling methods. Each fan !lhould discharge into o.n independent 
settler. Settlers :i.<lopted in :lsbcstos works include cyclones, ln.r~c ch:i.mber;s 
1.:onncctcd with cyclo11cs, large chn.mbers cnclOIICd with !illCkin~ or other lilterini,t 
m:1.tcria.l, and bag litters. Cyclones ,u1d chambcr11 :1.re usually well sepnratetl 
from workrooms. Dag filters nrc now being commonly adopted, for small instnl­
:.i.tions. These filtcn and " b.'\lloons " arc sometimes pla.ced inside workrooms. 
a bad practice. They :i.re best placed in freely ventilated rooms, effectively 
scp:i.r:i.tcd from workroom!!. 

Filtcrinl( fabrics for 1Settli11g dUllt graJually ueco111c dol(geJ; uud a,s this 
l!!Tcct incrca.sc!I the exluiust pl:int becomes more a.nu more incOicicnt, the volume 
uf :-tir moved by the fan being reduced. Such settlers must therefore be kept 
~!c.:1.n The usual practice i!I to be:it the filtering ma.teriai. Arrangements fur 
sh:i.kmK bags from outside, or nutoma.tic shaking a.ppllrlltU!I :ire not provided 
Asbestos dust does not a.ppcar to be !IO difficult to det.Ach from suit.'\ble filtering 
m:i.teria.l u some dusts, but much dust is produced in beAting. Efficient shaking 
arra.ngernents, a.voiding this expo11urc, should be provided if this method of 
;ettling is retained. Some l\rms ~trongly !lupport the view that it should be 
jl;ivt'!n up bec:iuse of the difficulty of m:iintnining the eicha.ust plnnt :it the highest 
..-f.ir-1enr-y. The matter mcriL11 careful com1ider11,tion. In particular, the 
f'ffiCkcncy of the ex.h:iu.~t pl:i.nt !lhould be kept \\nder constant observntion by a. 
rasponsiblc person. 

Cyclones !lhould be of adequate di111ensions. The combination of chamber 
n11d c:,·clonc i!I used extcn!livcl:,:. the fan di!ICharging the nir into the ch:i.mber, 
to ''°hich the cyclone inlet is connect<'il. The efficiency of thi~ 11.rr:1.n~ement shoulrl 
remnin prncticnlly con~tant. 

14th \fnrrh. 1930. 

E. R. A. MEREWETHER. 
CHAS. W. PRICE. 
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