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The Right Hon. J. R. Crynzs, M.P., 
His Majesty’s Secretary of State- 

for the-Home Dopartment. 

Homx Orncx, 

17t AMareh, 1930. 

Sox, 
1 submit herowith & Report by Dr. E. R. A. Merewether and Mr. C. W. 

Price oa their inquiries into the health conditions of the asbestos industry. Dr. 
Merewether's investigntions on the medical side are of ¢ scientific value: 
Thay establish the facts that the inhalation of asbestos dust over a period of 
yours resuits in the deveiopment of o serious type of fibrosis of the lungs, that 
the developmont of the disease varies in direct proportion to the length of the 
sxposure to dust, and that susceptibility to the disease is not affectad either by 
2g8 OF X 

The remedy for thess conditions is to be found, as in the case of so many 
industrisl diseases, in the suppression of dust. The second part of the Report 
indicates that this point has only recentiy besn apprecinted. In the non-textile 
section of the industry. go serious difficultics arise as regards the application 
of exhsost ventilation. For the textile section, it is evident that a good denl 
of experimental work will have to be carried out before completely succssstni 
ventilating applisnces are evoived effectively to romove all the dnst. 

I bave the honour to be; 

Sir, 

Your obedient Servant, 

GERALD BELLHOUSE, 

B.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 L. 

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

1. —[NTRODUCTION. 

This Report is based upon the data obtained in an extensive investigation 
doring the yoars 1923 and 1029, The inquiry was initiated by the Fuetory 
Department of the Home Offics following the discovery in February, 1928, of 
tase of nou-lubercular abrowis of the lungs in an asbestos worker, of sullicient 
seveTiry to Gecessitate treatmens in hospical (Seiler's Case'). 

Prioe o thix, this Department had knowledge of only two deaths of asbestos 
workers, about whom thers was opinion thas the ishalation of asbestos 
dust bad st least contributed to, if not caused, the fatal outcome. The frst of 
these; now referred to as the ** Montague Murray Case,”” ocourred i 
but all that is known concerning it is cootained in the evidence given by Dr. 
Mnn}:g::&lnrmy in 1908, bufore the Departmental Committes on Compeusation. 
for ial Diseases’. In this case post mortem cxamination confirmed the 
wlinical disguosis of extensive non-tubercular pulmooary fibrosis. The second 
(Cockn's Case”) oceurred in 1924, Here, although Cooke' and Staart MeDouaid* 
ware-of the opinion thas tha lungs showed a rogressive dust fibrosis together 
with. a chronis tubercnicus infection, the etio“nglcul relationship between the 
inhalntion of asbestos dust and filirosis of the lungs would have been screngthenud 
by the abeence of o tubsrculous infection. 

An early survey of the industry in 1010-11 by the Department did not dis~ 
closs apy evidencs of the existence o o serious leaith hazard in the industry, 
hut some sxperimonts on animals conducted in 1012 by Professor J. M. Beattie 
of ShefReld University for the Department showed that the inhalation of asbestos 
dust will cause 5 mild degres of fibrosis. 

When, theraiore, investigation of Seiler's Case showed that other industrial 
and infactive causes of fibrosis couid be definitely exciuded. the necessity of 
deciding whether the supervention of this discase wu an asbestos worker was an 
axceptional occurrence, o evidence of a grave health risik in the industry, waos 
apparent and the investigntion referred to was undertaken, 

3.~Errecrs or 1anrranr Duasr Uron tux Luncs. 
The most important local effeuts which moy follow the inhalation of dust 

inglade puimonary and bronchial catarrh. asthawm, bronchitis, fibrosis of the 
, and secondary chm‘g‘u, such as emphyvema, local or diffuse. These 

in the lungs, which muy bu luoked upon us o meamara of the efforts of 
the living tissues to mrl or incurcerate the irritaut particles of dust, necessarily 
cwown ftec ference-with the swnernl eficiency of the longs. The fmpnirment of 
funetional capacity mny be slight or severe, and temporary or permauent, de- 

ing- on the varicty of duat, and on other factory, sich as concentration 
of dust and length of exposure. 

Moreover, individuals whowe lungs have been affected as the result of the 
inhalation of snme dusts, show an increased susceptibility to the supervention 
of respiratory infections, such as tubcreulosis or pncumonia. 

Fibrosis of the lungs is recognined to be the most important lesion cnused 
by the inhalation of dust, and the proneness of workers with a dust fibrosis to 
be affected with puimonary tubercalosis has been shown to be tho main cause 
of the increased mortality rate {rom the latter disenss iu certain dusty occupa- 
tions. 
i A3 
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This triad—exposure to dust, fibrosis of the lungs, and high mortality rate 
from puinionary tuberculosis—was found to b common to a aumbor of large 
and important industries. and iz all of them the dust incriminated was free 
crystalline ailica (3i0,). 

These features were not observed, however, in other industries in which, 
whils thers was exposuys to siliceous dust, the silica wna found to exist in the 
combined form as a silicate and not in the froe condition. 

Thas, shortly, fres silica came to be regarded as the pre-eminent cause 
of industrial fbrosis of the lungs and as a notuble factor in the production 
of the excess moreality rate from pulonary tuberculosis in certain industries. 

Whilst the pulmonary fibrosis produced by free silica (Silicosis) has been, 
and is being, minutely investigated, the potentialitics, as fibrosis producers, 
of dust other than free silica have not heen fully explored, aithough 1t appenrs 
certain that some other inorganic dusts can, and somne cannot, produce hbrosis 
under the conditions mec with in industry. 

That a serious, even fatal, degree of fibrosis can be produced bv some- 
of theso other dusts has not been generally appreciated, although Badham in 
s thoughtful paper* has drawn attention to this point, in reporting a fatal case 
of puimonary fibrosis- cansed by dust of an orthociase basalt containing no free 

The Naturs of Asbestos.~The fibrous minerals commercially known as. 
asbestos fall into the latter group, the silica being combined with metallic bases, 
maicly magnesium or iron and, tc o less extent calcium, sodium or aluminium. 
The term 18 a collective nams applied to o variety of silicats minorals which 
differ from esch other in chemicnl composition and physical properties bus 
ressmbie one another in their finelz fbrous nature and {lesibiity. sir valus 

on the facility with which they can be split up into long and Hexible 
Shres for spinning and mvm‘i. on their resistance to heat and acids, and on 
their insulating properties with respect to bent and electricity. Varieties of 
asbestos possess thoss charactaristics. in differing degree. 

Practically speaking, ail that goes usder the name nsbestos in commerce is 
sither Sbrous serpentine, or a fbrous mineral of the hornblende group, of which 
the most importans ars crocidoiits, amosits and tremolite, Serpentine asbestos 
or chrysotile is essentiolly a hydrated silicate of magnesium, containing little 
iron and practically no calcium. The bornblende varieties contain less mag. 
nesium and usunily mors calcium, aluminizon and irone-crocidolite and amosite 
being mainly silicates of iron. 

SmScorx OF TR INVESTICATION. 

Asbestos is very hrgily used in industry, being an important constituent 
of nm different products. ‘The diversity of industries concerned made it 
sssentinl that some restriction of the field of investigation should be decided 
apos. 

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

The formar group comprises, in the main, the textilo branch of the industry, 
a branch mausuincturing insulatiog materials from practically pure 
snd some preliminary processes iu other branches. 
. The latter group includes a numbor of processes in which the proportion of asbestos in tho dust cvolved ranges from a negligible quant.itypupg:ards. 
Sincs it is impowsible to evalunte the cffect on the lunys of mixed dusts, of 
which tos dust is oniy cos comporent, until the action of ashestos dust itself 
‘was dptormined, the examination of workers for the purpove of this enquiry 
was rostricted to workers employed in processes inciuded in group (1), in ather 

" 'words, to workers as nearly as powsible csposed to the influence of pure ashestos 
dost. Furthormore, the effects of previous exposure to other irritant dusts, 
ruch as that of free silica, had to be excluded. 

y 
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The Popelation at Risk.~The gross number of workers who may be 
expased to ths inhalation of asbestos dust to any axtant is unknown. and, owing 
to the grent varicty of processes concerned, there are insaperable difficultics in 
ascertaining this figure. Nor, in fact, would ealighieumeut on this point be 
of any particular valve. 

It is otherwise, however, with respect to the figure represonting the oumber 
constantly exposed in the courss of their daily work to the influence of pure or 
almost purs asixatos dust. Scme informatica on this point is very desirable 
to chack the adequacy of the sample of workers examined. and (o envisnge the 
problem confronting the industry. 

While only a fough approximation is pousible, it is believed that about 
2,200 is the present number of persons in this country exposed in their dail 
work to the inhalation of asbostos dust, either pure or admixed with o sm 
propertion of cotton. It should not be overiooked that this figure does not 
includs the considerable number of workers exposad to the influsnce of mixed 
dusts of which asbestos is but one, and commonly not more than 20 per cent. 
of ths mixture. . 

Of thess 2.200, the sample examined numbered 303 (excluding 11 for . 
ressons referred to later) or 18.5 per cent. 

Sdection of Workers for Ezaminatios.—The selection of workars for 
mmmclfitm&in}g to chance, since iL was early evidens that the 
gcrfion of those emploved 10 years and upwards in the indusiry was very 

: therefors, in each factory those longest emploved were preferred, since 
the isaportance of including a suliciens sample of this group is evident. Regard 
was also paid to the other end of the scnle so as to obtain information as to 
the length of to dust necessary before edects are manifestad, and alswo 
to the particuiar process on which the worker was engaged. 

balancing the componsnt grog] of the sample in this way as the 
cqniBryypxmsdad. it was folnh;zgxg:ximnm inforganiouwmm be obtained 

It follows, therefore, thas in respect of length of exposure to asbestos dust, 
the componsut groups of the sample do not bear the same relationship to each 
other as the corresponding groups of the industry under review. The sab- 
joinsd Tables will make this clear. Table 1 shows the distribution according 
to length of cmpioyment (uot pecessarily in ons factory) of 773 workers, the 

number god on thoss processes in suveral {actories. Table 2 shows the 
ssmple of 303 workers distributed in the same way. 

Tamx 1. Tantx 2. 

Yours : Parsantage Yoars ' l Poreentage 
loyed Number. ‘ of Total amployed. Number, et Tk 

[ . . 3 [ O e e ”» e 
[ . . 100 I s8-8 Seb e e 141 s 

10wid ... . 1] i [Z) 10mi6 o e (13 -t 
18l o e 24 i 31 ABwl® e I 11 
30 and over ... 11 i 32 20 sad over ... | ”n L 

Totnis ... s w06 Totals ... I8 100 
H 

The encrmous preponderance numerically of sworkers em loved under five 
is striking, as aiso is the very low percentage of workers employed 10 

yoars or longer. 

ison of the two tables shows thas tho cffect of the method of sclec- 
tion of workors for examination is that the m‘unber cxamined in cach ’"mm“? 
five years employment group is & progressivoly greater proportion of t total 
nnmgwhid?‘ could have been examined in each particular group. 
L i 
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With a solitary exception all those exaniined were at work on the day of 
examinstion. 

The Clinicai Esamination and Stundurds adopted.~The vature and 
parpose of the ivquiry were expluined to each worker whom it was )m‘-goted to examiine, individanily, and his or her co-operntion obtained. Lx in- 
dividual's previous industrial history, sulwequent to leuving schwol, was uoted 
in detail. This was essentinl in order to exclude, espeeinily, the effect of pre- 
vious work in any of the aumocrous provesses involving expowars to tree silica 
dust, aud, to a less extent, the cffect of other dusws. Similarly, the io- 
dividual's medical history was scrutiuised from childhood onwaris. to determine 
the physical lovel on entry into the industry and any sulsequent changes. 
Particniar attention was paid to accounts ol pulmopary ailients, some of 
which, like asthma and bronckitiv. are common enough amougst the generul 

n, vot ate also nou-specific signs of irritation cansed by the inlalation 
of dust, whilst others, like intfiuenza and pneuntoniu. are ovcasionally followed 
by a degree of puimonary fbrosis. War service, if any. was gone inta, especially 
ax o whather thers was any history of the worker having o gas casanlty 
at any time. The family and personnl history in respect of pulmamary tuber- 
eplosis was enquired into, and also as to any close association with known cases 
of this disease in friends or reiatives. In aprm,ching the pertinent subject 
of symptoms, greac care was taken to avoid ending questions, especially in 
eliciting information as to the existence of any undus sbortness of breath. 
. The actual details of the physical examination do not call for comment, 
inssmuch as they followed the usuni lines of a detniled examination of the 
chest, wwith abservations of the generai health and of the condition ot the upper 
«ir passages. 

Refarence must be mads, however, to the dard of normality adopted in 
assessing the state of the lungs. The appraisewent of any departure from the 
pormsl necessarily pre-supposes the existsuce of such a standard. Every 
dlinician bas attained, aa the resnit of experience, his own clear conception of 
the normal chest, but it is oot often that e finds it to detive this 
stats in so many words, in fact it seems scarcely possible to do o, and this for 
ssveral reasons; the heart and lungs function cticiently within wide limits of 
applied strain, and, although mu?es of past disoase may be present and 
apparent on cxamination, they will be unimportany if they will never tax the 
argauism beyond these limits, ars non-progressive and do not predisposs to other 
disease: Age igsslf has recognisablo efocts. but for this renson alona, the chest 
cannot be considered abpormal. 

There is cbrions disparity betweeu the standard of physical fitness required 
{or an air pilot and that required for life insnrance ai ordinary rates; in- 
dividuals resching either standard can be classed as ** normal,” yes many actaine 
ing the Istter sandard have never approached tho former. 

Thos, within limits, various gradations of normality may be distinguished. 
and correspondng standnrds copstituted without innccuracy. the precise status 
of any standard beinw detcrmiued Ly the purpose for which it is established. 
For Lpnrpon of this enquiry the stundurd adopted Las been that evinced 
in auy large group of persous liviug ander similar environmental conditions, 
apart from work in dusty ocrapations. as those o the group being considered. 

is is ueithor o high staudard nor a very low standard. but the zverngo stan. 
dard of normality displayed amongst the industrial ion of this 
country. 

Radiographic Ezamination of the fiungs.—In addition a careful radio- 
phic examination of the chiest was mado in many (133) cases, the necessity 

'ae which in investigations into the effccts of dost upon the lungs has been 
empbasised ropeatediy by varicus authoritivs. It was pot, of courss, fensible 
o obtain techoically mflicient radiograms ot all the workers examined, derived 
a they werc trom factorien scattered over the conatry. some in districts remate 
from a radiological contre. The mode of- selection was dictated by the neerds 
of the situation. with the object of clucidating material pointa germane Lo the 
investigation, e.g., the elucidation of complicating allections, i measuring the 

B 
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" extent and progress of the lesions and locating the point at which the carliest 
radiographic si 8 . and finally as o check u the buman factor nx by :hcg_:m?minudf. ) pos 

4—RzsorTs or THE INQUIRY. 
To anticipate, sxamination of the datx collected in this investigation leads 

the concinsion that the inlwlation of asbeston dust over a period of years 
resuits in the devolopment of a serious type of fbroais of the lungs. 

. Asbestosis—the Pul y Fibrosis of A sbestos Workers.—It is heipful to 
visualiss fibrosis of the lungs a8 it aconrs in asbeatos workers as the slow th 
of fibrous tissue {scar tiswig) hetwosn the air ceils of the lung whercver the in- 

led dust comcs to rest. While new fibrous tissus is heing laid down like a 
spider’s web, that deposited eariier gradually contracts. This fibrous tissus 
is not only uscless as a snbstitute for the air cells, but with continued inhalation 
of the caasative dust, by its invasion of new territory and consolidation of that 
d;h:.?dy occupied, it gradually, and literaily, strangles the essential tissues of 

ungs. 
In common with other esseatial organs of the body the lungs have a large 

roserve of tissne for use in omergoencies aud to permit of a diminution of 
functional capacity dus to advancing age or disease. For thia reason, and 
becsuse fibrosis of the [ungs is essentigily a locnl discase. it is only when the 
Sbroeis prog to the extent of obliterating this reserve, that undue short- 
ness of on any sxtra afort draws the tvorker’s attention to the fact that 
his henith is not what it shouid be. The other symptoms of the diseass such 
a8 cough Are equally unassmning, and are readily ascribed to some common and 
trivial cause. 

From this point the progress of the diseass is more rapid, since it is now 
smeroaching on the remaining sound tissue of the lungs, aiready only just suifi- 
cient to maintxin him in his ordinary daily activities. Ultimataly, if no acute 
respiratory inlection has precipitated a fatal termination, a stage is reached 
when the Iungs can do little more than maintain lifs, and the shortness of breath 
becomes extreme. 

In its main clinical foatures, thorefore, the disense resembles silicosis, as 
might be expectsd. It diffars from silicosis, however, in the mode of distri~ 
botion of the fibrous tissus in the lungs. in its move rapid development, in ite 
sadiologienl features, and. there is some resson for believing, in a lesscmed 
sasceptibilitT to the su ioa of pulmonary tuberculosis, the liability to 
which disease is so defimitely an added hazard in silicosiv. 

Ths Asbestos Dodies.~In the loags of thowe to asbestos dust. 
soguiar particles derived from asbestos,” and spicnles of asheatos” are found 
oo microscopicnl examiustion, and aiso pumbers of peculiar bodies described 
by Cooke and HAIl" and Stoart 2{cDopald®. They are yellowish brown in colour, 
of elongated. bead-like form, often with bulbons cnds. Cooke' and Roodhouse 
Gloyne® indepondeatly demoustrated a minerni cove in these hodies, evidently 
derived from the ssbestos fibre. Stswart and Haddow" have aiso demonstrated 
their presence in the sputum of ashestos workers. These bodies have not been 
found to occur in amy other human affection. They have been found in the 
sprtum within a comparatively short time after expnsure to asbestos dust, and 
in the absence o{c dingi ar radiolegicsi dgvidgncc of pulmonary fibrosis, their 
presence connot be taken at present as indicating nnyvgrng more than previous 
inhalation of asbestos dust. 

The Incidence of Puimonary Fibrosis in Asbestos Workere.—The extent of 
the risk tn health aseocinted with exposure to ashestos dnst under present indas- 
trial conditions may now be considered in detail. 

Of the 374 workers of both sexes examined, 105 were (ound to have a diffuse 
Sbrosis of the lungs attributable to the inhalation of dust. Ten of theso. and 
ope other in which thers wers earlier signs of the same condition. have heen 
axeluded from further comsideration. inasmmuch that it was feit that previous 
work in other dusty occapations. such as qnarrving, and conl mining. mav have 
been the prime or a contritutory factar in the development of the puimouary 
lemions found. - 
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Thus, 95 of 363 workers, or 26.2 per cent. showed a definito fibrosis duc to 
asbostos dust. An additioual 21 were found with precursive signs of this disease, 
but these are given no weight in the genernl conciusions, which ace derived sololy 
from examination of the 95 cases of definits tibrosis. 

Of the 183 radiograpbed. 02 preseatod radiographicnl siges of o diffuse 
fbrosis, and in a further 25 there wers suggestiive mdiulog!g;.l changes not 
definitsly difiuse fibrosis. In 10 of the former group aud 3 of the latter the 
changes wers possibly referabls to prior work in other dusty occupatious or to 
other cause, and thoy are thereiore excluded, leaving 32 coses of Gbrosis and 22. 
with signs sugpescive of cariy changes in the lungs dus to asbestos, t 
radiclogical confirmation. 

What infersaces shouid be drawn from thess figures i—Certainly not that 
28.2 per cent. or roughly 1 in 4 of those at prescut exposed to asbestos duat in their 

jly work have fibrosis of the lungs. As meutioucd previously the sample 
examined is loaded with 2 greater proportion of workers empioyed 3 years and 
over than obtains in these sections of the industry a¢ the prescut time (Tables 
1 and 2 above), and as shown ia Tabls 3 bolow the incidence of fibroais increases 
with the length of smpioyment. Thereiore in order to obtain an approxima- 
tion of the general incidencs rate of fibrosis in these sections of the industry a 
correction must be ;ggfied on this accouat. Applying the rates shown in Table 
3 to the Gigures in Tabie 1, it appears that the general incidence rate of fibrosis 
of the lungs amongst thoes employed in theso sections ot the industry is rather 
1;- tshan 1 in 8, or, excluding thoss employed under 5 years, racher less than 

in 3. 

Further corvections would have been pecessary if the sample had included 
an undos ion of workers from the mors dusty processes, but this was 
foond not to be the case. “Also 0o correction is required on account of differing’ 
age distribution since, as will be seen later, the incidonce of fbrosis is 

. These incidence rates sre convenient mereiy as affording a rou 
indication of the inlercat risk associated with exposure to asbestos dust at the 
present time. They have no permanest value eitheras an index of the 
risic of fibrosis in the industry from year to year, or as a measure of the risk 
in any icniar factory or group of employees. This must be so since oot 
only will the distribution of workers in the industry according to process and 
length of emplayment vary from year to year in accordance with trade develop- 
ments, but the increasing application of methods for the suppression of dust 
will bave a cumuintive effect in reducing the fibrosis incidence rate in futurs 
years. 

Effects of Age and Length of Employment.—Table 3 shows the distribution 
of the workers examined according to length of employment, and Table 4 their 
distribution according to age, together with the incidence rates of (ibrosis in 
each case. 

Tastx 3.—Ineience of Fibrosis velative o Length of Employment. 

Cases of Fibrosis. _Aversge age-in yesrs, 

o Years Number - 

f Number. —p per ot c::: foes ‘ ot "'—." cent. of Fibrosis, | Yibrosia 

— . .. " ° - ! 242 - 
8 ... .- 141 3¢ 158 i 30-3 36-0 - - 

Weldoe s ‘ ” 3-1 U4 04 - 
Wig ... ... I H s 338 a-e 433 
1% sad over... 11 : 17 808 84°4 527 

Totals . 363 . P T 30+1 14 
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Tastx t.—inculence of Fibresis relatice to dye. 

. Avsrage lsagth of smploymens 
Canes of Fibrosin in ysars. 

NXumber ” 
dgs Grousp, Examined. i Group Ot Gesup lema. Of eases ol 

Namber. ' Ineidsaes per chese. i, Fleresia 
! Py of Fibrosia. : 

Tpta 1o o : - 3 ] - 3t - 
1019 ... : 130 14 9.3 (2] [ 334 
J0e38 ... 100 30 360 9t 132 
0=dl ... 47 n £5+9 113 14-2 
80-49 ... 20 11 2Ty [T 16-9 
40 and over 4 ] 64°3 18:0 183 

Totals- .. 303 9 F* T 15 ! 138 

Thess tabies jndicato the cutstanding importance of lenyth of cmployment 
(and hence !wfih of cxposure to dust), aud the pegligible eflects of age, on ths 
production of fibrosis. 

Thus age groups 30/30 and 30/50 (Table ) huve incidence rates of 30 per 
cent. and 37.9 per cems. respectively, not a wide diflorence, sincs the groups 
include workors in various processes exposed to different concentrations of dust. 
Moreover, the avernge length of empioyment in these two groups, excludiog the. 
cases of fibrosis, is almost identical, but considerably less than the average 
length for ail the cases of fibrosis (13.3 years). . . 

It appears aiso from the same Table that oo spocial suscoptibility to the 
developmont of fibrosis is shown by young persons, unless it is considered that 
the figure of 8.7 years, the average longth of employment of the cases of fibrosis 
in age group 20/29, has boen shortened by incrensed susceptibility of ages under 
20. ~ As, however; the avorngs age of this group at coses of fibrosis is 20.7 years, 
and also bocause the establishment of fibrowis does not necessitate immediate 
retivement irom work, this is largely discounted. 

Colunm 4 of Tuble 4 also shows a general irregularity which, in itself, 
points strongly to the vegligible effects of age in the production of Sbrosis. 

Turning to the effects of length of employment a very dillerent picture is 
seann. Table 3 shows that after 3 yenrs’ exposure, the incidence rate mounts 
rapidly, and aiter 10 years increases almost in geometricnl progression, 

Effect of Work i different Processes—There are insuperable difficnlties 
in ascertaining trustworthy figures of the precise incidence of fibrosis amongst 
workers in particular asbestos processes. This is the result of the commoen 
practices in the industry of housing many processes in one rovm, and of workers 
transferring from one process to another. These two factors, the influcnce of 
dust from neighbouring processes, and prior work in othor asbestos processes, 
operate to obacnre tho eifects dua to work in any one process. 
e &d?mmmg:ge w?rkfirs howmr,'aciording to the proczss in which en:lh 

ongest employed and grouping similar processes togucher, it is possible 
to draw certain broad conclusions as to the relative effeet of work in different 
processcs. Tn this way groaps were obtained as f{ollows rwm 

Co (1) Crushing, opening. disintegrating and mixing. 
(.3 gardmg. doubi 
(3) Spinning. twisting, doubling, plaiting, ete. (4} Tnsulating mattress making.g' . 
(5) Wearing nnd associated procosses. - 

. (8) Miscellaneons procosses and remaining unclassified workers. 
. . The ontwtanding poiut bronght out in this way is the relatively vary low 
ingidonce rate of fibrosis in group 3 (termed '’ spinners ' for convenicnce) as 
compared with each of the other groups. There is some indicntion niso that 
amongst ‘ spinners " the disease takes longer to develop. Study of the radio- 
grams, also, reveais further indications confirmatory of thia, Morcover, estima- 
gtonu:a of tfbe ‘gm _cmtt::t of the air in timeithmrhmd nf these processes and 
in that of others in the various gromps s that the evointion of dust in 3 is also relatively lowr (Table 5). : : groop 

L2 g AS 
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i and the medical and radiological features of the cascs 
of fibrosis, togethsr with tho results of comparison ot tha dust counts, all con- 

in soma degres to the view that with comparasively low concencration of 
dust in the neighhb:u:hood of-a plr:m, .chndmnh.bpxpg cu: of fil;m;; an:opfi 

in thut process are in developing und remmin longer in 
milder stage. It foliows, mmion?g:h;z in such cases the rate of accnmulation 
m’.dminzbolunghnmgiufi!mdedthomu oliem:;;na:_mn.rdaxg‘: 
further point of great practicnl importance emerges, namely, that in orcer 
prevent. P;l fall dn:loptpmnz of the discase amongst usbostos workers within the 
space of an average working lifstime, it is necessary to reduce the concentra- 
tion of dust in the air of tbs workrooms to a figurs below that pertaining to 
spinning at the time over which these cases were axposed. ) 

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

Relative Dustinsss of Various A sbestos Processes.~While some reference 
here to the varying amount of dost evolved by the difforeut processes is secessary, 
the cansation of these diflerences and methods of suppression of dust are dis- 
cassed in Part IT of this Report. . . 

Different xsbestos processes do cxuse the evolution of differens amounts of 
dust into the air of the workrooms, and, under present conditions, the diflerence 
between the least dusty and the most dusty processes is very pronovnced. 

In some processes the Troduction of asbestos dust is insignificant; in a second 
group dust is contizmmously evolved bug in reintively low concentration. as in 
spinning; in & third group the eyolution of dust is continuous and in high con- 
centration, a¢ in dry cinth wesving: and in a fourth group much dust is dissi- 
mi?iQmmanMummpmgmflbntm settling chambers 

into bags. 
Some additional data were obtsined by means of a limited gumber of 

detarminations of the dust comtent of the air st the breathing level of opera- 
: | in various processes, with tha aid of the Owens' Jet Apparatus. 

The figures in Table 5 witich wers calcuioted from some 30 determinations, 
msmghxduot:hngddmnmofthepwmmned. and also 
of the effect of localised exhaust ventilation and damping in reducing the 
concentration of dust in some of them. The counts in other: processss are 
expressed proportionstely to the spinning; plaiting and braiding group, taken 
s anity. 

Tt will be seen from this Table that the dustiest processes are opening (with 
old fashioned teasers), sieving (with no locnl exbanst ventilation), and shavelling 
or ot se handling- asbestos fbre. with a comparative fizure of 2.34. The 
Neaviest counts of all were found in this group, in sack flling by hand in a 
settling chamber. The comparative finre here was 8.24, but the record was 
dense, with much clumrping together of the dust particles, with the resuit that 
the total dust connt sretved at was undembtediv too low. 

Next in order is dry cloth wenving withont the application of localised 
axhaust ventilation, with a figure of 1.95. This is undoubtedlv a dusty procoss. 
and although Incal exhaust ventilation rednces the count ag the Ureathing level 
of the wesver, much dnst still escapes into the workroom. Weaving cloth 
wat, not merely dawp, radnces the dust count to A remarkabie degres. Column 

TABLE 5.-~Relative Dustinags of various Processss and Effects of Localised 
Eshaust Ventilation aond Namp Methods in suppressing Dust. 

o s ineg fy Alak, 
Soimmive | c, ging Cloth. | Bawd. Opws 
Braiding| gy, T hasali L B o flise . . 8 

Pl R I — o wtidis | Dr | Damp ) wivheme 
sehamee | g + joemi Wee | Joeal oy | loewd | e | exbuwst exmaun 
':i‘:: exhowas i "":“: l b ventile | vemtil | vemtil 

w‘v‘;i.- ventile | Prriing '."‘“‘2’ a stism | by : 
i e @ @l e ol TM P S, 

| 
1 111 | 108 | 308 | s | -8 1 | 183 ) s | 3¢ 

! } 

* Note that hers the schawet vonsiinvion Jenns spoeial gvnevai atien of the i fun‘n.h-:‘-dnmmm ek 
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7 for band (i.e., narrow) weaving, wet, is not accurate since the fignro has Leen 
raised by dust {roms a ueighbouring dry cloth loom. 

Mattress making without any precautions, such as exhaust veatilation, 
or dampiug tlours, tables and cloth, follows next with a figurs of 1.83 (See 
footnota Table 3). Applicntion of exbaust ventilution, ond damping' reduces 
the figure considernbly, but it may be that the figures in columus 9 aud 10 are 
too low, siuco counts tor some subsidiary processes, such as buttoasing, sewing; 
and cutting out, are not available. 

It will be observed ttgu carding, lalchot;gh fin&infly‘*j a very dusty pmuenI 
produced a comparative fignre of only 1.17. is is due in to purtia enclosure of zhn‘::urking of the carding machine, bus is mE:tmly the rcenit 
of the application of local exhaust veotilation. Moreover, the figure does not 
take into account the extremely dasty operation of strippiug. 

Relative to the compurative aumbers for the other different processes, the 
figure of 1 for spinning, plaiting and braiding is probably rather too high, 
awing to contamination by dust. from neighbouring and mors dusy processes. 

Samples of asbestos vary much in chemical coustitution and physical pro- 
and of the throe main varieties, chrysotile, crocidolite, and amowite, the 

%wo, in the opinion of axperienced workers, usually givs riss to 030f8 dust 
than chrysotile in the textils manufucturing processés. o evideScs war-tound 
to indicate that any one of the three vorieties is more, or less, potent than the 
others in producing fibrosis, other factors, such aa concentration of dust, being 

A peculiarity of the asbestos fibre is that it frst fragments longi- 
wudinally, and apparently this process can go on indefinitely, since there is no 
uitimate fibre comparnbis to o vegetable Abre such as couton. 

Concentrasion of Dust and Length of Ezposurs Nece to Produse 
Pidrosis.—From the data so far examined it seems clear that Obrosis of the- 
lungs is. & definite occupational risk amongst asbestos workers as & closs. 

. Furthermorw, it appears that the risk falls mostc heavily on thoss longest ems 
ployed and on thoss engaged in the more dusty processes. 

Some further considaration of these two important factors, length of em-- 
ployment nud conceutration of dust, is desirable. Obviously, to sams extant, 
they are interdependent, siuce, assuming that o specific quantity of asbestos 
dust must be inhaled to producs o generalised fbrosis, the fibroms will resit 
{rom axposure for a peri of time varying with the concentration of dust in the 
aiv breathod. ) 

Simson reports the case of an asbestos mill worker in South Africa. 
for 12 onths to & very dusty atmosphers, who died from a rapid 

; sections of the lungy showed, apart from the changes due to taber- 
calosis, & moderately marked hbrosis. Burton Wood and Page' report the 
case of an asbestos spinner, employed 15 months, who died from a generalised 
tuberculosis, 8 months aiter ceasing work. this case a little fibrovs tissue 
was genernily to be seen surrounding tho asbostos fibres found in the lung 
tissue, but there was no gross fibrosis. It seems probable. therefore, although 
further research is very nucessary, that not only is a certain minimal quantity 
of the dust required for the production of 2 generalised fibrosis, but that inbala- 
tinn of the dust iu high concentration resuits in the production of a more marken 
degres of fibrosis in a sborter time, thau when the concentration is low. 

iyntion of this important matter-~concentration of dust and length 
of exposurs uecessary to produce fibrosis—irom the clivical side is beset with 
difficnities, one of the most confusing being that tho existence of a clinically 
recogmisable diffuse Gibrosis is quits compatible with continued work in the 
induatry, and, therefore, the cases of fibrosis discovered in such an investigation 
a8 this are in various stages of the diseass, with the result that the point at 
which they first becime recognisable clinically cannos be ascertnined. 

Despite- this. some confirmation of the lwgod_ iesis that the length of ex- 
posure. to asbestos dust nccessary to produce fibrosis varies inversely with e 
g:nmtgntion of the dust in the air, within certain low and high limits, may 

o ) T At 
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Table 6 shows the average age and loogth of employment of tho cases of 
fibrosis in the groups of processes proviously dealt with (p. 11). 

Tamaz 8. 

Casse of Fibresin. 

A Length of Yorige 
Average Ags. | a N 

1. Crushi i jni i ixi i 43-1 i 10°8 
S, CArdiAB .. e e e e e 19-6 ! 13-3 
2. Spinning, iwiming, deabliag, plaiting. &a. ... 37-0 : -7 
4 Mattrees mAKIDg .. .. e e e 38-1 ! 13-0 
8. Weaving and 3ssosisied processes . 438 l 127 
6. Misoell r sad inizg un- 48-1 12-8 

The much loager o iod of smployment of ths cases of Sbrosis 
in group 3 as eoms‘;ad fi:g other gmngl:.’wfll bo noted. Thers is also 
Josat- exposure tw dust. in group 3. It seems, therefore, that in this grouY A 

s hngwm period elapsed before fibrosis daveloped, or that it progrossed 
rapidly. 

This is the more apparent if the incidence rates of fibrosis amangst workecs 
employed i the processes in grow 3 are compared swith the corresponding rates 
formhumgp edinthamore%mcy processes wmprisodingmp;a 1?{&.5 
taken togethar. Thess rates are set ous in Table 7. 

TasLs TimeComparison betwssn the Incidencs we Rates of Fibrosis amongst Workers 
employed in 3 (less duaty processss) and the Inerdence Rotes 
amengat Workers employed in Groups 1, 2y 4, 3, taken. logether (more 
duaty processer). 

Taane: Euvraven. 

[¥N [TY 0edde 1848, | 20 s ween 

Jo— i ] £ 1 fi 4 1 | ] 4 
- v 1; o ;13 1) §ieai B8 %w} is é'wz A 

. 3;-. , 3-~§ HISERPISERP UL = i |4 3 A 27S | 3wy |3 wg l - 
Par Por Por | Per ‘ Por 
ot oot YN | cont 

Growp3.. . |30] 0 =id0] 3{35°0;30( S|0Ti02} ¢ |uq S| 4| ser 

CGrewps 1, %, 4,3 [ 47| 0| | 98]3133:7! 48 12 lia o. | sarrfaaln s 
{taken togsther) l ! i 

Gmx,z.&'.lnmuv.-u.wl . ' ea king and ing and d 1 
It will bo secn that, after 5 vears’ employment, the rates are consistently 

much. higher amougst those employed in the more dusty processcs, and, wherens 
the rats is high from about 5 years cowards in the more dusty processcs, it is 
not until about the 15th year of cmpioyment is reached in the less dusty procesies 
that the rate for ths lattor becomes high, and approximates to thut renched after 
about 5 years’ employment in the more dusty procesacs. 

re-to differcnt concentrations of dust, together with the effect of 
the recognition of the cases of Hbrosis in dilferent stages of the discass, also 
afford au explunation of the widely didering lengths of employmant of in- 
dividual cases of fibrosis, which ranged from 5 years to over 30. While no 
dofinits cnse of Ribresis clearly due to asbestos dust was found amongst workers 
with lees than 5 vears exposure, the possibility of such cases occurring ith 
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wwfighmnfiomofdwmm&bcmhdom. Three cases were 
foaud with 3, 3} aud 4} years work in asbustos, rewpoctively, Uut iu escn thare 
was pravious axposure to other dusts (seo p. 10). . 

Sup for this view is provided by (1) Drofessor Beattiv’s experinwents - - 
y meutioned, which ted that the lungs of guinea-pigs ex- 

Eri for 43 aud 47 hours to asbwstos dust showed ' delinits cellular pro- 
Lifacation, though uot very cxtansive, and this is certainly a prelimuinary stuge 
in finpmtg.ucuon of &bm:ha'i (2) Simwou's cass manuamdbn.bifle, u'id;m 
report in the same paper on ungs of a guitea-pig sxposed by Marvrogordato 
o asbestos dust rog“mo hours during & period of 50 days. Un she death of 
the animal (from causes other than asbestosis) some 32 wonths later, ssctions 
of ths lungs showed a slight generalised Rbrosis. {u commentiug on the amount 
of Bbrosis found, Le states thas * a cowparison berween the hamun cases uad the 
experimental animal showed that the filrosis was wore rupid aud estendive ia the 
buman cises than in the experimental animal,” and again ‘ the amount of 
fhrosis. in two of the human cases was quits rapid, and if dus tw the presencs 
of asbestos dust, tha initial rate of production Was rapid when compared with 
prosant. day non-infoctive silicosis on tho Rand ”'; (3) data from this investi- 
gasion, in which 21 of the 363 workers siowed signs suggestive of commencing 
fbroais (p. 10). Of thuss 12 had been empioyed. for less than 7 years, aad 6, 
for betwesn 4 and years. 

To sum up, thersfors, it appears probabls thas concentration of dust and 
of exposure as factors in the production of fibrosis ars intcrdependsut 

within certain limits. While it seems necessary ror the production of generalised 
fhrosis of tie luugs that o definits minimal quantity of dust must bo inhaled, 
the lower the concentration of dust in the alr breathed, tho longer che lapse 
of time before the fbrosis is fuily deveioped. and within 2 certain limis, the 

i tha concentration of dust, the sooner the fibrosis bocomes fully devoped 
the more intense the involvement of the lung tissus. 

. If this bypothesis ia correct, and the evidence points (o it, the practical 
inferences are of very great importance, siuvs it {o that tls application 
of mensures resulting ig the reduction of the concegtration of dust i the air 
in the neighbon of dusty asbestos hrocesses will couse, firstly a.greas in~ 
crease in the length of time befove workers develop » disabling brosis, and 

y, the almost total disappearance of the disaass, the measures for 
the sappression of dust are perzectad. . 

Disablerent produced by the Asbestos Fibrosis.—~Regarding the amount 
of dissblement produced by the develupment of pulmonary fbrosis in asbestos 
workers,~for o onmber of years this is surprisingly slight, even more-so than 
is genernily tha cnse in silicosis. This is parsly due to the character of the 
disssse; and partly to the naturs of the work, which in the majority of these 

does not involve much physical esertion. The nfected person may, 
ind often does, continme at work with occasional intermissions. latterly, dus to 
exaoerbations of bronchitis, nntil the condition is advanced, although ho suffers 
incrensing’ inconveniences irom shortness of breatls, on exertion. Some- 
times a tarminal broncho-pnoumonia, or other acuts infection, commences while 
still at work, and there is no long period of invalidism. 

Thers is no doubt but that fbrosis of the type preduced by ashestos can of 
itenlf lead to complets dissbierment aod to o fatal termination, and this-in the 
absencs of & supcradded tuberculons infection. 

Particulars have beon collectad up o the end of 1929 of 10 cnses in which 
an advanced degres of ths asbestos fGbrosis iwithout tuberevlosis was the 

cause of death. In 9, the cause of death was verifisd by post mortem 
examination and in the 10th, ropeated clinical, radiological and sputom ex- 
sminations confirmed the diagnosis. In an 11th caso. post mortem examination 
showed that # lobar preumonin had supervened npon lungs alrendy the seat 
of & moderats degres of tho asbestos Gbrosis. With one exception, all these 
deaths occurred in the years 1027-20. 

The length of exposurs to asbestos dust in thess cases varied between 9 and 
24 years. 
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It is not tod that thess few fatalitics, in which the canse of death 
as becn verified by strict euquiry, are auy critorivn of the trus efiect of the 
isease on the mortality rates of asbestos workers. Others are kuown to bave 

oocurred in which the existenco of the asbetos Gbrosis has been determined in 
life, but 0o post mortemn examinition has been posible. 

P and Duration of the Diseass.—The rts of progress und duration 
of tha discase varies within wide limits. With coucinued exposurs to high 
concentrations of dust, the fibrodis may be fully deveioped iu from 7 to 9 years, and may cause death altor about 13 years exposure, uxceptionally in a sznntr 
period. ~ On the other haad, with exposure to iess conceutrations of dust, the 

iod of maturation of tho fibtosis may be extended to 15, 20 or 23 years. 
are definito indications, derived yrom the industrial histories and ex- 

amination of workers, that a diminution in the coucuntration of dust in the 
air breathed, either by chaoge of crplo t from a highly dusty process to 
one less dusty, or the eifect of methads taken for the suppression of dust, results 
in & prolongation of this period of maturation of the fibrosis, except in the 
Iate stages of the diseass. While this is so, the existence of a clinically re- 
cognisable degres of the asbestos BLrosis in any individual i an additional 
adverse factor in the prowpects of recovery from any acuts infection of the 
langs, such as pneamonis or broncho-pneumonia. 

Associasion of the Adsbestos Fidrosis with Pulmonary Tuberculosis.~-ds: 
previcusly mentioned (p. 0), silicosis, che fibrosis of the lungs due to the 
inhalation of fres silics dust, bas an unhnpplvmbasnoeinnmn with pulmonary 
tubercuiosis, in that there is o much increased linbility o the supervention of 
the latter disease amongss silicotics. It {s of importancs, thorefore, both from 
the gina of view of the individunl workar, and iu its benring upon. the scops 
of preventive measure required, to enquirs whether thers is a similar 
liability attached to the asbestos fibrowis. 

It will be remembered that in this investigntion the examination of workers 
was restricted to those at work at the time of the examination, and, thervefors, 
» number of advanced cases of fbrosis, and & number of cases of pulmonary 
taberculosis—-with or without an asbestos fibrosis in additiop—-wha had 
sither given up work or who wers of work temporarily, will have been 
missed. Moreover, the supervention of o tuboreulous iufection on a lung siready 
the subject of fibrosis produces an incresse in symptoms, previously ounoticed 
or disregarded, and induces the worker to sek medicul advice. He is then 
appropriately advised to give up his dusty employment, migrates from the in- 
dostry, and may or may not accapt sanatorium treatment. 

Thus there tends to be o drift of such coses from the fibrosis producing 
indostry. In fact, during the course of the investigntion, information was- 
obtained of n number of persons, previously employed in asbestos, who wers 

§
E

 

sithar at homo or in sanatoria, suffering from chest complaints, 
Precise information as to the incidence of pulmonary tubercuiosis amongst 

ashestos workers cannot be. obtained therefore, in the absence of periodical 
medical oxaminations in the industry, without profonged cnquiry involving che 
search of the records of local sanatoria, tracing workers known to bave cenved 
work in asbostos, and oxamination of death certifieates, and of the sickuness 
recurds of firms, where these are kept. 

Nevortheless, with these resorvatious, the data obtained in this investigation 
did not disciose any outstanding suscepribility to puimonary tuberculosis, eitier 
amongst asbestos workars as a class, or amougst the cases of fibrosis. 

Summary.~The outcows of this investigation is to establish the existence- 
of & definite occupational risk in the asbestus industry. This takus the form of 
a distinet type of fibrosis of the lungs, resembling silicosis in its main clinical 
aspects, bu¢ differing Erom that discase in the modo of distribution of the- 
fibrous tissus in the lungs, in its radiological features, in the enhanced cate of 
development under avernge conditions in this country, and as far as the cvidence 
gocs, in a lower susceptibility to the supervention of puimonary tubercuiosis.” 

The asbestos fibrosis resuits from the inhalation of asbeston dust, the 
proximate cnuses being concentration of dust in the air breathed and length 

* The medicsi and rudiciogioal data obeined in shis i tigation will be pablisked eisewbers. 
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of exposurs to it. Thus the incidence rato is highest in the most dusty pro- 
cessos and amongst those louyest employed. Ago and sex have no apparent 
influence on the production of the disease. 

5.—FacTons DETERMINING THE PRESENT RICOGNITION OF THE ASBESTOS 
Fozoe:s 

I$ is of intorest to coosider why it is that this disease has only receatly 
attracted notice and become & problem in the industry, although asbedtos was 
kuown to, aud worked by tha aucieats, 

. Many factors vontribute to this position, some dependent on the nature of 
ths dissase, some on the phenomensl expansion of the industry, others on the 
advance uf medical science. 

Whils asbestos has beez knowa and spasmodically worked for hundreds of 
Yyears, it is only in the past 40 years or so that it has boon commercially exploited 
to any extent. Not only that, but it is less thun 30 ycars since the great expan- 
sicm of the industry commenced. LEven after a number of years of steady expaa- 
iom, the industry is stiil com ively snall, and tho workars employed in the 
sssentiaily dusty processss ively few. ca 

The insidious onset and unobtrusive signs and symptoms of the disease in 
its earlier course, its covert advance by impercoptible stages, its points of 
ressmblance- lactariv to fibreid tubercuniosis. with which infection it is sometimes 
associated, aod the migration of thoss aflected from the industry, have ail com. 
bined to delay its recognition a8 an estity, and to obscure the causal agent. 

Koowl of the efects of specific dusts upon the longs has besn greatly extended in tm past 20 vesrs, but research has been mainly concerned with the 
more important and widespread risk associated with the dusts containing free 
silica, and enquiry into the edects of other dusts had to wait upon those investi- 
gations. . 

8.~Paxvarrve MEisTnes. ] 
The nacessary preventive messures incinde, firss, those directed specifically 

towards tha suppression and coatrol of the dust evoived in manutacturing pro- 
cesves, which are examined in Part II of thix Raport, aud secondly, mwusures 
directed towards those smpioyed in the indusiry. 

Thase Lsiter include the control of the diseass by periodical medical examins. 
tiom of the workars, by which thoss unfitted by heaith redsons are prevented from 

ing the industry, and cases of fbrosis and puimonary tubercuicsis are 
at tha esriiest possible momaent. The uitumats and only reliable tess 

of the cdectiveness of the preventive messures adopted in ths industry will be 
found in the statistics derived from the records of periodical medical examina- 
tion of the workers. 

They also include the cducation of the individual as in other dangerous 
trades, to & sane appreciatiodof the risk, and 16 His personal responsibility 1n the 

ion aud suppression of dust. 
Tha protection afiorded by respirators is only partial, and there is a real 

danger that the use of them mav give a xense of (2 trity. Asbestos dust in the air contains 2 Wajority of particiss ot ESE(e order 2., and under, 
mazy being enly 0.5« (nhas luch} in size. In practice, the discomrort 
of constant wear, and difficuity in speech. etc., render workers very 
unwilling to use this form of protection for any length of time. Since, 
bowever, a high class respirator will trap a proportion of the la par- 
ticles which con enter the lung, thoy cannot be said to be valueless, bat can 

bs recom asa f_defence, and not in substitution for 
preventive mensures specifically directed to ths control of dust as near as 

ible ta its point of origin. Under very exceptional circumstances there may 
scope for the use of the cificient :y?c of breathing apparatus, comprising a 

mask or heimet with 3 long tube, enabling the wearer to breatho pure air from 
+ distance. 

7.—Tne Ovurrook. 
From consideration of the naturs of tho processes in the asbestos industry, 

and other reievant matters, it is felt that the outlook for proventive measures is 
good. That is to say that in the space of a deende, or therenbouts, the effact of 

hiked ) A 
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awgef.xc application of pmmmn measures should be appurent in & great reduo- 
in the incidence o. tibrosis. 
Anmmedxa:a mpontyrxsc in the incidence rats is probable, due to the 

accumuiated dama; ?nn(yniogncyolthuwuymbuzwuhthnpuwgo 
&blpuk.amdv 

assistunce has been received from many sources during the 
course cf this investigntion; thess are gratefuily ackuowled clamhere 
Special thanks aro due, bowever, to Dr. E. W. Twining of Mancheiter and Dr. 

. Tattersall of Leeds for their indis la expert aasistance in the elucidation 
of the ‘radiological features, ta Dr. E. Cooke, D'rofemsor M. J. Steware, and 
Dr. Roodhouse Gloyne, whose resenrches in tho same field nve weil known, sod 
to Dr. I. M. D. Grieve for information from an anpublished study of a group 
of asbestos. workers. 
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1. Sedar H. E., Brit. Med. Jol., 1028, II, 082, 
2 Doptnmm Cowmmistes on Compemuon for Industrial Diseases 

(@) Minntes of Evidence, Appendices and Index, 1907 Cd. 3&96. 
p. 

(3) Report. 1807, Cd. 3403, p. 1 
3. Cooks, W, E., Brit. Med. Jnl., 1024, II, I-LT 
{-.Cookc.WE..Brx:.lIedJanzTIIlm : 
3. McDonald, Stuart, Ibid. p. 1023, 8. Badham, C., Stadies in Iudn:trml Hygiene, No. 13, Report of thc Dxmtor- 

General of Puoblic Health, New South Wales, 1927 
7. Cocke, W. E., and Hill, C. F., Jol. Roval Micros. Soe. 1927, 282, . 
8. Cooks, W E., Brit. Med. Jul., 1920, II, 378. oy 
9. Gloyne, 3. Roodhouse. ** Taberels , 1029, X, 404. 

lo Stm;:iu.d’ and Haddow, A. C., Jol. Path. and Bu:t., 1929, XXXII, 
1 

li.qtmm.FW Brit. Med. JInl., 1928!'8 e 
Wood, W. Burton, and Page, D. "Tubercir" 1930, xz "I 

PART 1II. [ 

Procraszs Givig Risz 1o Dust axp Mermons yox s SUPPRTssioN. 
P 

1.—-IXTRODUCTION. » 
Thubummdmtryhudemioped tly in recent vuna.ndmnmu to expand rapidly, mainly becnuse of eha demnmh of the motor, electrical, 

and building industries, and of the increasing umuou now paxd 
to the iosulation of steam. plant to promote fuel economy. 

products may, for convenience, be divided mto unn num 

(@) Yarn and cloth. " 
Non-Textiles. 

(5) Millboard, paper, asbestos-cenient sheots, tiles, and other bmld- 
ing- materinis, sheet matcrial of rabber or bituminous mixtures uontam 

et v 

() Insalation materinis and articles. Se 
d) Brake and clutch linings. o B ; 
e} Packing and jointings. e 

Asbestoscovercd electric conductors—electrodes, cables and 
wiring, coils for electric machinery. 

{g) Miscellaneous, including mouided elccerical md odurgood: etc. 
Some (actories make hoth textile and non-textile gonds. ~ Sowcnlled 

** fberized '* asbestos, i.c., opened or broken-up material in 4 fine flock-hkc 
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condition, i manipulated, ammixed with other matoriuls, in large quantities in 
the fuctorios included in gruups (@), (J), sud (c), aud to a much smailer extant 
in soime of the vthur [uutorice und workshops 

{a) Asbestos yara is woven into cloth for insulation mattress coverings, in- 
sulating wrappings, liltering material, fre curtging, fire-smothering blunkets 
and fire-resisting ing. Narrower woven material is produced for belting 
for conveyors, tmh liniags and iusuisting tape. Soms asbestos cloth is 
rabber-proofed for use in the manufacturs of stcain packings and joinsings. 

Besides its main use for woaving, asbestus {u-n is braided and pinited for 
uss o8 packing, aud also for insulating material. Spools of yurn are supplied 
to [actories iu ‘which elcctric cabla or slectrodes ars made, and polished thread 
for the compiction of incandescent wantles. 

() Asbestos willboard aml paper ars maguinctured from pulp containing 
short fbre asbestos, by a wet method, liks ordinary millboard and paper. 
Asbestos-cament shwets, tiles, guttars, pipes, #tc., for building and similar pur- 
poses are mads from wet mixtures of Portland cement and short fibre asbestos. 
A synthetic compasition sheet is made from a rubber mixing, for use as jointing. 
Bitiminous mixings containing usbestos are made for switchboard panalling, 
and other mixings for floorings. . . 

(¢) Insnintion materinls include fiberized asbestos: ‘* magnesia,”” so-cailed 
oomtaining about 15 per cent. of fiberized asbestos and 53 per cent. of magnesis, 
and other finely divided mixtures composed partly of fiberized asbestos, used as 
insniating cemants or pissters; fiberized asbestos stiffienad into thick sheets, like 
mata, for lining bulkhends of ships; shaped secrions and slabe. moulded from 
fberizad asbestos or mixtures containing it, or built up of corrngated asbestos 

30 a8 to enclose air cells: mattresses, made of asbestos cloth and filled with 

'(J)Bunmmmnffiqmm e repared from i ted and nings are chistdly imp an ub.moio:h.butahot‘mmfdcdm:m ial, 
(¢) Plaited and braided asbestos yarn, proofed asbestos cloth and com- 

‘position. sheet sre nsed in making gy and jointings. 
() Electoades for walding work are plaited with asbestos yarn or covered 

with & pasts cootaining asbestos. Some slactric enble wnd wiring required to 
withstand heat are plaitad with asbestos yarn; Seld coils for electric machinery 
may be wrapped with asbestos tape. 

Misceilaneonsy manuisctured articies or products. composed wholly or 
partiaily of asbestos, include, -in addition to moulded electrical and other goods, 
‘sabestos putty and powder, rubber howe plaited with asbestos yarn, and many 
othery. 

Agxn from mapufacture, certain work is carried on in premises subject 
%o the Factory and Workshops Acts, as well as in other premises, which invoives 
use or manipulation of asbestos or products containing it. The insulating of 
boilers, pipes, engives, and parts of ships is the most important. Much of this 
wereks is- done on board ship by contractors who employ a conwniderabls outdoor 

2. ~Parszs. 
The factories and workshops incinded in (a) to (¢) number at least 160, 

of which 18 are textile factories. This total is based on lists supplied by the 
District Iuspectors. It does ot include the large number of works where thers 
is incidental use of asbestos packing and jointing, asbestos-covercd electric cable, 
ar other finished goods, reqnired for completing other manninctures. 

There is only one works in which the emplovees concerned with asbestos 
exosnd 500. There are many small premises in which but a few employees, in 
same cascs only one or two, ars employed. small * : " department 
is found in a number of important factories. 

Taxtile departments are usuaily weil honsed in modern buildings. A few 
of the older textile factories have been improved recentiy by the addition of 
modern bmidm%s. In one case a badly housed small concern is in process of 
removal to newly coustructed premiscs. 

The asbestos-cement sheet factories are modern premises of Jarge floor area, 
Infty and spacicus, in the main, single storey buildings. The cable and electrode 
tactories are also modern and generally suitable . 
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Some small works, mora particularly those engaged in making boiler com- 
praations, are unsatisiactory. A lew are wore open-sided sheds. Such premiscs 
are difficuit to keep cleun. 

Some works are congested with piant and stocks of materinl. This may 
result from inadoquate accommadation or a tewmporary [alling-oll in the Jemand, 
bus the effect ou clennlinwes is bad. The dust evolved in manufucturing pro- 
cesses is more difficult to control if the premises ure unsuitable, porticularly if 
arowded with plaut or mater:al. Cleaniug is not easily accomplished and the 
dust is mors concentrated. 

Ventilation.—The arrangements provided for ventilating asbestos works 
vary as in other industries. Dust removal syatems, whore used, effect a measure 
of generni vestilation. A number of workroows in textils factories are 
ventilated by plenum svstems. the air sappic being warmed in wintce. Over- 
head extracting propeiler fans are but littlo used now and wonld be unsuitable. 
In one mattress making room extraction fans connccted to largo overhend hoods 
sre used. Extraction by downward displacement, the air being draswn through 
openings in the ficor, or near foor level, has not luen et with, but has been 
considered for some weaving rooms. This system. if designed of a capacity 
sufficint to effect 2 high standard of general veutiintion, would tsnd to redace 
the dust in the general atmosphars at breathing level, and, with other safeguards, 
be & possibie niternative to localised exhnust ventilution. It could not be success.. 
ful without efficient heating, owing to the rapid change of air entailed. 

Separation of Processes.—In many works severnl processes are carried on in 
same room. In the absence of efiective rieans of preventing sscape of dust 

into the air. magy workers aro subjocted to a risk from which they would other- 
wise be immune, or to o grenter risk than that arising from their own work. 
In & few texsile inctories crushing and opening plants ars placed closs to spinning 
aod carding machines. Spinning frames tre instolled close to looms and wet 
and dry weaving are carried on close together. In nou-textile premises thore is 
more effective separation of dusty work and processes from non-dusty. 

3. —DEscRrrrron o Procassxs axn Prrventrve Mxasvnes, 
A complete sccouns of mannfacturing methods is not attemptod. Attention 

‘is mainly directed to the dust-producing processes, a description of which, in 
broad outline, has boen deemed necomsary to maks cloar the circumstances under 
which exposure to dust arisos. and tho character and object of the remedial 
messures already in use or here recommended. 

Somewhat important changes ars on foot which. it is confidently hoped, 
will greatly reduce cxposure to dust in certain hitherto dusiy processes, On 
the other hand, certain devciopments, e.g., speeding up of textile machinery, 
and tho increased use of asbestos in varicus indusiries, may intensify the dust 
problem, if adoquats mensures to denl with the dust are not taken. 

Trxrrizs. 
{a) ¥ara and Cloth. 

The manufacture of asbestos yarn and cloth procceds on the whols like that 
of other textiles, but there are some important differences. [Fiberized and other 

matoriol is freely Landled in various operations, in ‘gathering 
“ wasts,” and in cieaning. Exposurs, in some dcgree, to asbestos dust, is 
common throughonas all the factories, but steps have Leen taken, extending over 
many years, to deal with dust produced at various poivts, Lhough the necessary 
degres of officioncy has, genorally speaking, not been renched. Exhaust sentila- 
tica piants used in tie best-equipped ashestos factories for removing dust appear 
1o bo as afficient us thosa used in other textile industries, and to have been applied 
over n widor fieid. As regnrds other sfeguards agninst dust, e.g., substitution 
of mechanical methods for handwork for fecding the machines 1n preliminary 
gpéerations, ellicicnt cuclosure of machiscs, and vacuum methods of cleaning, little 
developmens has ¥%d made. 

Grning.—-\}éestos. suitable for yarn, has usunlly to he-crnshed. and in all 
S “cases ' opened " (* Gherized ) bofore it is ready for carding. These prepara- 

tory processes are cliected by machinery, but entail much handwork, Xeparat. 
ing (to remove iron) and grading or sienng follow crushing, but precede opening. 
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Material for yarn is not usually treated in disi tors, bot in mast factories 
those machines are used for fiberiziog wasta tos yarn. ete. Crushing 
fattens oat and Lrenks up the mineral withuut domaging the ibres. It is accom- 
plisbed either in a lurge cdge runner, or in a smail pan mill of the mortar mixing 

. The materinl is emptied upon the floor clods ta the machine, the contents 
of severnl sacka somotinies being spread on tha floor to obtain a rough ** mixing.” 
The crushed material is either taken from the machine by hand, or discharged 
through a bottom delivery slide, asually filled into sacks or skips and, if necemsary, 

i on a portable weighing machine. A fcw edye runners discharge upon 
short inclined lattices aad the materinl fails antomaticully into the sack or skip. 

Edge runners give riss to dust of considorable amount where short fibre 
is crmabed; somo are enclosed aod have exhaust appiied. This is always neces- 
sary. D'an mills are not enciosed and also give rise to dust, though less in 
amount. 

Handsvork, o.z., sack smptying and flling, mixing, shovelling and feeding 
machine paas or lattico feeds, gives rise to dust, sometimes of considerable 
amount, aad is dons without exhause. Ap%l’icuiou of exhaunst draught would 
be facilitated if feeding wers done from a higher level so that sacks might be 
smptisd under cuclosed conditions, i.e. ina sack emptying appartus. Automatic 
dalivery and raversibie bagying lattices eliminate dust produced in hand flling 
of sacks, bus require to be ediciantly enclosed with exhaust drought applied. 

"An open travelling band passing round an electro-magnes is used for 
separating looss ircm, the nsbestos bewng delivered to an elevator. Enclosed 
apparatus shonld be adopted. 

Enclosed rotary sieves (rotaries) or long oscillating frama sioves ure used for 
roughly grading crushed material. Rotaries shouid be mechanicaily fed and the 
asbestos coilectad under enclossd conditioas (not always dons) and exhaust applied 
to the machins enciovures, otharswise unnecessary dust is created. Some oscillot- 
ing sinves are very open, the material being allowed to iail on the foor, and being 

into sacks by band. Very dusty conditions are then inevitable, Efficient 
enclosurs tith exbaust dranght appiied and, to avoid band illing, automatic 
delivary and bagging lattices. aiso eaciosed and exhausted, as used in some cnses, 
are generally practicoble. 

Crighton openers, enclosvd centrifugal machines, ars used. for openim crushed asbestos, preparatory to'carding. Uarelul mixing or blending of cmhj 
matarial is allected by sp! it eventy in layers on the iloor over & considerable 
ares--cocton may be added as this scage if required——and when leeding, taking a 
vartical cut thmgn the mass. Admisture with a small proportion of cotton may 
also be achieved Dy biowing it into the feed opening. The opened material is dalivered upon a Inuxeo and collected either in a | contaduer or in sacks, 
wi(;b:ggmg latsices being used in some cases. Jlechanical fceding under 
anclosed tious, with cxhaust dranght applied to feeding lastices or other 
oanvm should bo adopted. Hand fesding gives riss to dust, from sack empty- 
ing, iing and particularly mixing on the foor. Mixing is a great hindrance 
to elimination of hand work: it is asserted that poor yarn resaits if it is ot done 
and thot machino mixing has been tried and gave less satistactory resnits. If 
retained, it should be dome at a highar lovel than the opener, under a large 
exhausted canopy and the mixture fed at o scries of chutes, Delivery lattices 
should be well enclosed and exhaust applied, as now done in soma cases; otherwise 
dust is ovolved. 

Opened material not required at once, may be stored in open bins in the 
workroom, iuvolving emptying and filling sacks or skips, which necessarily 
canse dust. This storags 1 bulk shonid be avoided; alternative arrangements 
might be adopted which avoid dust. 

Some material, o.g., long fibro waste from later processes, is opened at 
enciosed lattico-{od teasers or willeys, not infrequently of primitive design, worn 
out, and emitting much dust, notwithstanding that a fan is an integral part 
of the machine. Thess old machines should not bo uscd for asbestos opening. 
Dust may be emitted at fecd points of modern machives, particularly when the 
feed is irreguiar. [Exhaust is pecessary at tho feed lattico for this renson and 
siso becgure feeding itweif cruses dust. Tho material is cither discharged upon 
& lattice for immedinte collection, or blown into a chamber. The stasdards 
suggested for Crighton machines should be adopted. : 
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Hopper lattics feeds are largely used with opening machines; the hopper lips 
are abous 3 feet U inches above ticor lavel. uch dust is produced iu shovel- 
foading as it is diificuls to avoid scottering as the lip. An enclosed lattice, fed 
at or just below floor level,with localisod exhaust applied to the enclosure is more 

Retory. 
. Single disintegrators, or two or thres machines in saries are used for break- 
ing up textilo or other asbostos wasts, more rarely for opening crushed nsbestos. 
Prosent arrangements for preliminary hand sorting of wnste are unsatisfactory: 
it shonld be accomplished at a covercd bench, suitably exhnusted. Wherens in 
soine cases, the indraught ac the disintegrator feed openinys caused by the rapid 
rotation of tha rotor is uot sutficiens to remove dust, and because, at.auy rato, 
as soon as it is stopped. escape of dust may result from roversed aic currents, 
sxhaust should be appiied here aiso. 

Disintegrated material is blown into chambers, a blower fan being in some 
cases connectad to the delivery of the machine to create a scronger draught. Air 
pressurs in the chamber is rolisved in different ways, the sides may be covered 
with saciing, allowing much dust to cscape, a '‘ relief balloon ** connected, or 
exhanst applied. Chambers counectod with disintegrating and teasing machines 
¥ATY in size, some are little more than a large box, others are more reomy. Some, 

‘bug not ail, are separated from tiis workroom. They ars entered for emptying, 
. the material being filled into sacks or skips by hand after the machine is stopped 

r or the flow of material diverted o another chamber. Work in chambers is very 
dusty and its elimination is most desirable. (See page 20.) 

Carding.—Considerable developments have tnken place in recenc yesrs. 
One or two importans gew cardrooms have boen starved. Many new machines, 
indludiog some of foreign construction, have been instailed. 

Ths machices, of largs overall dimansions, are of the roller and cisarer 
type. Modern cards are of high class construction and fitted with two doffar 

lindars supported on o carriage, which can Le racked into or out of position. 
or fine 3 breaker and a Auisher, constituting a set, is used, connected by 

lattices, lap sliver from the former being automaticaily fed to the Bnisher card. 
1n cases where the sliver is collectad in caus, a Durby doubler is used for prepar- 
ing laps for finishar cards. : 

Single machines and breskar cards are equipped with bnfper lattice feeds 
sapplied from skips or sacks, handfuls being dropped in, and shaken apart as 
fad, or the sack emptied into the hopper. The asbestos falls intermittantly upon 
& croeper fend which conveys it to the ** licker-in "’ faed rollers, batween which 
poing and the doffer the materisl is under enciosed conditions. 

material is combed from the open doers of finisher cards, as a web 
ar ‘“ sheet **, the sheets from the two doficrs usunlly being combined at & con. 
denser, and the resulting sliver yarn wound into spools. Occasionally, combed 
web is collected without being condensed, the condenser carriage being with- 
drawn. In other carding, the sliver may be obtained as a lap. 

Admixtare with cotton is usually sccomplished by carding the two materisls 
together, a cotton lap being mounted above the creeper feed, snd the cotton fed 

the feed rollers with tha asbestos. 
evolution of dust at cards is inevitable and a fne dust cloud may be 

obssrved in most cardrooms. Suppression_of_duse cannat be renlised unless 
machines are maintained_clean and i Satisfactory repuir, a i tive 

seure of various parts. dbove all, localised cxhanst must be applied ac 
well-defihcd Points of dust emission, and improved stripping arrangements pro- 
vided. Wido spacing of machines is s irable. 

The Opper [mrts 60 WGdera machines ars usually provided with well made 
covers and the lower parts are enclosed below in metal. The frames 

are well enciosed at the sides. A hinged metal caver, fitted in some cases, pre- 
vents escape of dust produced bv movements of thoe feed lattice. A curtain of 
fabrio is less satisfactory. In oider types, g:nimlnrl_v. the wooden covers may 
not fit satisfactorily, the cylinders may not te trulv aligned with the frame and 
ather dofects may account for side escape of dust. not controllable by exhanat. 
Suoch dofects should be remedied. Crosper {ccds. doffers and condensers and 
counecting lattices between breaker and finisher cards are not enclosed. Dust 
in evolved at doffer combs and at creeper foeds. 
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Localised exhaust ventilation was first applied to carding machines many 
yours age. Aethods and appuratus bave since been gradually improved and | 
mare poweriul exhaust druughts are now used. Ons inrge firm have achieved - 
much saccess by staudardising their practice as regards poiuts of application 
of exhaust druught, design of air guides, sizo of brauch ducts to air guides aud 
duct velocity. “inmm is applied at (a) the prowser at the creeper feed; (b) feed 
roller at IEALN ; (¢} top of cylinder; (d) ench dofler, air guides or hoods being 
fittad at these potats with ing branch ducts. Mud couplings, used on 
branch pipes, facilitate casy dismaatiing. Branch pipe sizes and duct velocities 
are hbunrlm The improvement realised by applying powerinl exhaust at each 
of the points mentiuned, at all of which evolution of dust is important, shows 
that this practice should be followed generally aud gives point to the view 
expressed Ly souie occupiers that carding can be earried on practieally dust-ires. 
Apart from the above case, exhaust is applied in nearly all eases to the cylinders: 
in & modorate proporticn to the creepur fecd: in a few, to ono doffer—the top. 
and in one or two ogly, to the bottom doffer. But, apart irom dust-emitting 
points not provided for, the resuits may be inadequats. Carding machines are 
occasionally installed and put into use without sxhoust, this shouid never be dons, 

Efficient rosnits are not possible unless tho cxhaust draught is applied as 
mu possible to the dust-producing points. Transverss air guides, with 

ducts conpected at cach end, ars apparently more efficient than pyramidal 
hoods ofél;lc usani type. Ducts of sdequate diameter and high duct velocities 
are emeotial. 

The usaal air guide for the cylinder. provided to effect removnl of dnst 
both during carding, and stripping and grinding (though proved inadequate 
for stripgfing) is placed a little abave an opening in the crown of the cover. Two 
branch ducts, as abovs, and in addition a larger centeal branch duct (for use 
during stripping) are connected to it. Tho shollow space below the back of 
the sir guide is closed ap during cording by a wooden hinged piecethrown: 
beck for stripping—and the dust prodnced at the cylinder is prevented from 
escaping by inflow of air from the room. at the frout. The dust-laden air is 
withdrawn at the side ducts. [u stripping, inflow of air ecnrrying some of the 
stripping dust takes place from below the lifted cvlinder cover: the central 
branch duct, kept closod by 3 blast gate during carding, is then fully opened 
ts provide a greater sir voiume: 

In ome factory, a cirenlar doffer cleanming brush runs continmously 
sbove the doffer comb. A pveamidal exhnust hood is provided. but 
mrach dnst escanes: anicss fullv offivient exhaust is deviscd an alternative to thix 
cleaning. if reaily necessary. should be found. The coilection of combed web. 
previously referred to, is dons withont exhaust and dust is prodaced. Collection 
might be effected by exhanst dranght as applied for removing side wasts at 

Notwithstanding the use of covors for card Inttice feedn dusty conditions are 
prodnced and exhaust denacht shonid he anplied at this point also. 

Strippina and Grinding.—Card ** strinping ** or cleaning in done when the 
machine is opened out for grindine., which follows cleaning and takes place at 
each machine abont once gz week, but shorter- and loncer intervais also ohtain. 
Taoae impartant factory the teen nrocesses are combined in nne operntion. Roller 
and cloarer enrds must he onened ont, i.e.. the lattice feed and brenst, and con. 
denser and doffer carringes are dravn back, the cvlinder covers are raised. and 
the variems el milers. which are cloaned and gronnd at a2 special machine, 

. " The cviinder is first clenned. with the dnfler cnrriage drnvn back: 
the enrriace in then renlaced and the doffers, mn at a greatly incrensed speed. 
cleaned in tnrn. Cleaning takes about ten minutes and is nsuaily done in working 
hours. but irr one case, at least. after: The men press their ** strickles ' or flat 
hand brushes nbont 12 inchex long covered with card clothing, ngninst the wire. 
covered rurfaces. Much of the debris is henvy and falls to the floor. Dust is 
gvolved in a denma cloud. some heine removed at the cvlinder exhanst hood. In 
one case flnor openings. heneath the machine. are connected to the echaust: 
Presont axhaust “aeranrements are altogether inadequats. particulariy so as 
regnrds the hattom dnffer. Mnch dust is therefore carried into the genernl 
atmonphers of the room. The cleaners wear reapirntors ov “ helmets.”’ 

Tn & fow caser, more ofBFHVE WiensnieN are (aken, e.2,, the npensd-ont 
machine is almost entirely encimed with high eanvas-covered screens. In the 
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works whers cleaning takes placs after working hours, an anxiliary exhaust 
system, with a bood for the bottown dofier, is brought into use. 

Grinding which takes ssvemi honrs, is an automatic process effected by 

produced is chiefly of a metailic character. 
In the factory where grinding and cleaning aro combined, the doffer cxhaast 

arrangements ars first ro-counected. uch less dust is evoived and n%‘pcnu 
to be deait with more effcctively. This firm consider that hand strickling before 
grinding shouid ot be alluwed. Their methods may, however, not be gonorally 
N A littls strickling may be nccessary aitor grinding to remove small 
pieces of débris. 

The trade recomnise that present conditions are not satistrctory and experi- 
ments are being made with the object of developing improved appliances. In one 
came o ravolving brush is being tried, with independent exhaust draught applied 
by flexible connections; it is said to give promise of succcss. The brush is 
narrower than the hand strickis and less dust is evoived at a particulor moment. 
In ancther case, o vacunm fitting is under consideration. DPrevious uso of vacyum 
Sripping was given up becauss of rapid erosion of the metal pipe bends and other 
parts. Unloss cffective dust suppression is ronlised for scripping, all workers, 
other than strippers, shouid be exciuded while it is in progress for some time 
sftarwards, and the room weil ventilated. 

The machine for cleaning and grinding the smaller roilers, which gives rise 
to mmeh dust, should be fitted with efficient exhanst a nts--s straight- 
forward matter——and as completely enclosed as practicable to collect the heavier 
débris, precautions which are not always taken. ~ The machine is either installed 
in the carding room, or in a room adjoining. Independent machines shouid be 
provided to deal with rollers of diderent lengths, ctherwise inconvenient adjust- 
nents, liable to be neglected, have to be made. C : 

Card Side Wasts Treatment.—The irreguiar ** seivedge ** of carded fibre, 
ssparstod at the two sides of the finishing card, being unsuitable for siiver yarn, 
is removed by suction draught to o ** side-and ** mnchine, which prepares it for 
furthar use. The materiai is blown upon perfornted cylinders, the air escaping' 
at the side and the matarial being discharged on the floor. Tho process produces 
dust, particularly when the feeding ia irregular, the air then having o free path 
between the cylinders. The matarial should be delivered under suction and not 
under pressurs, & * pressure '’ machine being unwmitabls. 

Spinning and Dowdling —-Yarn is spun at fyver or ring frames which may 
carry up to 80 spindles, 40 on esch side. Much piecing ix required owing to the 
mmn of the fibre. A fine metai thread is spun with asbostos, 
for linings and certain other . Mulo spinning is not practised in 
this country. A large amount of doubling is carried on, . . 

Spinning, more particnlarly ring spinning, gives rise to duss, continuoualy 
produced by the “ ballooning '’ out of the fibre owing to the rapid rotation of 
the spindles, which may run at speeds of 1.700 revolutions per minuts, and 
intermittantly, when the varn breaks. Doubling is less dusty than spinning. 
Whils the amount bears no comparison with that produced in carding, and is less 
than that from dry wenving, the workers are continuousiy exposed to some dust, 
more in some factories than in others, doubtiess dus to differences in working 
methods or materials. Exhaust denught for its removal has not besn applied 
hitherto, but experiments in one factory have been so far successful that the firm 
sre-orepared to-equip ot spinming doutitrg frames with exhwust ventilation 
plant, embodying (i) exhaust ducts parallel with tha frames. above the tin rollars, 
with shaped honds at intervals, cach to deal with a small group of spindles, and 
{ii}. for more effective concentration of the draught, paneiling for the ends and 

-parts of the frames beneath the spindies, capable of being easily removed 
Becessary. Such safecuards may require somewhat wide application 

anless spocial gencral ventilation is provided. 
Warping.—Warp benms aro prepared in the usual way from cresling frames, 

s. small ovolution of dust occurring at the frames and beaming machines: 
localisod cxhaust sentilation could hardly be applied effectively. A partitioned- 
off space, mechanically vontilated crosswise, with extraction at low level would 
effect improvement.. SeTemEe et T T e 

amount of dnst 
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Winding.—3lany winding machines are used, varying from makeshift types 
9f primitive coustruction. a¢ which the practice may obtuin of hoidiu the yarn 
in the hand, to modern universal windors for winding *‘ cheeses.” t may 
be evolved to somo oxtent, particularly in conpection with the above practics, 
which could be climinated. Applieation of exhaust drnught will then probably 
not be necessary, except in particular cascs. 

Plaitiag and Draiding.—Plaiting and braiding, also carried on in engine packing and electric eable fnc:oris.gmd done st machines of normal design, 
cause some evolution of dust, except whers the yarn is impregnated with 

" Whila the amount of dost is sometimes lcss than in s&lanning. the 
is oot material. Bat thore is perbape less exposurs of operative 

ander ordinary working conditions and precautionary mensures other than 
localised exhaust ventilation may suifice. . 

Weaving.~~Looms vary greatly in size and general arrangement. As many 
as 140 looms may bo found in a single room, but this is exceptional. The clear 
space between machines may Bot exceed 18 inches. Some looms are independently 
driven Ly electric motors. warp or wett is sometimes used. Thin cloth, 
for-matiress covers, filters, clothing, ete., is woven from a single warp beam 
at a simple type of loom, Belting looms, for thick beiting and braks lining 
wmaterial are complicated. seversl warp benms, arranged in tandom under the 
loom, or in sorme other couvenient mvrgcwg required. Thess looms are narrovw, 
but oftan very long. Tape looms ars also narrow, unless severnl tapes are woven 

‘when several shuttles, in lins, working in unison, are used. Cloth is 
beamed a¢ the front in the usanl way, but belting may be led under the loom, 
and coiled high above it, at the back. 

Most weaving is ** dry,”” bus some weaving is dons wot, either warp or 
waft, and oceasionally both being wetted. Wet wesving is accomplished more 
ocasily and a closer senve obtained, but rusting of heald Httings, and the subse- 
3:& drying entailed and the less satisfactory a rance of the material are 

isndvantages. Thoroughly dry fabric is required for brake linings and rubber. 
proofed material, and wet woven cloth may be strongly objected to on this 
accouns. 

Considersble evolution of fine dust occurs in dry weaving as o result of 
(a) the forward movement of the slay in “ beating up,’* this source being close 
to the operntive. (3) the repented contncts of the rising and falling warp thrends 
w th._urn:i}g:xhbound xintxl;u mf .%eing chn»mcés:a importnn:m from a qnwtitatifio 

g, (o i ance of ** dust ** or ** " on machine parts, especiaily 
those In motion. A Ane dust cioud may be cbserved behind the healds above the 
warp threads. Moch less dust is produced in wet weaving. 

Soms ** dry*" looms are now ftted with loenlised exhaust usually applied 
to deal with dust evoived by both (a) and (), in some cases (a) only. (a) A flas 
borizomtal * hood ** is Htted in front of the operative, just above the cloth. the 
epening facing towards the healds; (3) either an upright pyramidal heod, placed 
transverssly, or horizomtal flas hoods, ons on ench side facing each other, are 
fittad closs behind the healds. The second arrangement is the more efective 
for parrow looms, ay the “ scissors-liko TM action of the warp threads appenrs 
to displace most of the dust to the sides. The exhaust draught has cflected 
some improversent. but ail the dust in not removed, especially that produced by 
(b). It may be impracticable to apply the draught to all dost-producing points 
behind the heaids, particularly st long looms, but greater success wonld have 
been achieved with more powerful dranght and larger air displacements, as is 
now being recognised. 

‘The methods described for dealing with the dust crested by (3) must be less 
successfui at cloth looms of ordinary width. A few such looms in one factory 
hxve recently been equipped with lsrve TM honnet ” honds. fitted trapsversely. 
close down over the mnchine, covering the slay, reed and henids. The hoods are 
of hemispherical section. with exteusions over the shuttle hoxes. An intarnal 
electric licht ftting, and hinged cections, facilitato working. A\ powerful 
draught. suitably applied, should prevent escape of dust, generated within. 
Ta another case, experiment is snid to have shown that a transverso inclined hood 
facing the operative. placed iust helow the warp near the front of the loom, 
can be more cficetive for reducing dnst concentration in the nir breathed, than 
present arrangements, and the new design is to be substituted. . 
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Application of efficient. dust removnl arrangements to weanving is clearly 
difficult. The expedient of installing individusl muchines or s groups of 
machines in suitably ventilated smail rooms or cubicles, as s under- 
** Warping ' does not appear to have beon tried, but might be considered if 
lecalised arrangements aro not sufficiently effective. Long narrow sheds, for 
a singie line of looms, ventilatod as suggested, might be o possible alternasive. 

Cloth Picking, Ezamining, JMearuring.—There operatious involve rnnning 
out the rolls of cloth and tend to produce a small amount of duse. If carefully 
done, 0 that very littie dust is creatod, other precauntions may be unnecessary. 

Nox-Txxrirzs. 
Fiberized asbostos is not used in soms of the non-textile factories and 

exposurs to asbestos dust may be slight or cven uegligible. Dust is evoived in 
{actories or departments where such materinl is prepared for subsequent use. 
or for sale, and also in departments whers fiberized material or dry mixtures 
coataining it are mauipuiated in preliminary manufacturing processes. Agmin. 

ishing E:ames. involving abrading or cutting at high speed, may be a source 
of dust, but such dust may contain only & small percentage of tos. The 
spplication of exhanst draught, where suggested in the following description 
of processes, is in most cases o ssraightforward problem, comparable with many 
others met with in non-textile factories, e.g., wnodworking and grinding, where 
machinery similar to that described is used. i 

Fiderizing or ing.-Fiberizing is aimost exclusively confined to works 
in gxmz (8) and (¢). Much of the worik is done under less supervision than 
in ils factories and unsstisiactory machinery is more common. Primitive 
tensers (*‘ devils ') are used in ssveral mottress.making works, and chamber 
work is also an unsstisfactory festure (see p. 22), 

In some asbestos-cament sheet factories, crusbed materinl, from edge runners, 
falls into worm conveyors below, which trsusser it automatically to disintegrators. 
In one large works, the process is being entirely enclosed; the macerini from 
the edge runners, which are iastice-fed, will he discharged upon a convevor and 
raised by an elevator to large overhead storage hoppers, fitted with automatic 
figing Iattices. Localised exhaust draught will be applied at feeding and 

ivery points, whers dust might escape. . 
Chambers have been eliminated in soms large works, with beneficial resuits. 

The materisl, asiter being disintegratad or opened, is fan-handled, and blown 
to & hopper fitted with bottom rotary delivery valves, the air being re-circulated. 
The matorial is bagged as lattices. Direct supply to o manuracturing poins is 
annther improvement now being tried. Such poeumatic conveyance should be 
practicable in mony cases. Locnlised exhnust as feeding and cdischarge nminu 
of these systems is necossary. Vacuum methods for filling sacks may be 
practicable. 

If chambers are retained, the oecossity for entering them might be avoided. 
by providing chambers of small front to back dimensions fitted with low doors, 
at whfli:hdsack filling sould be- done, loccalised exhaust ventilation being applied 
over oors. v 

(b} Milhoard, Paper, Sheets and Tiles. 
Ths wet mixtures for millboard, paper. and asbestos-cement prodncts are 
red in a beatsr, as used in paper mills. Dry fberized asbestos is emptied 

into the beater trough, the sacks heing shakan to some extant. Lvolution of 
dust occnrs bofors the matarial becomes mixed with the circnlating water: Ocea- 
sionally s sack is emptied before the water is turned on. Severni sacks are 
required for & charge and the process is repeated a nuinber of times daily. 
Precautions are ot taken at present hut the dust might be avoided by 
{v) mechanical feeding under eacicsed conditions, ns appears to be dons in some- 
foreign works, (3} appiving echaust draught, (c) feeding in small quantitics 
snd 1a such a way that the materiai is wetted at once. 

. Finishing processer on asbestos-cement sheets include uvfi'ng to size. corrm- 
_gating, pressing and drilling, carried on in some factorics with the material 
so moist as to prevent dust, and this practice should be adopted generally. 
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Otherwise much dust is produced in suwing, owing to the rupid cutting speed, 
and localised exhaust is novessary though not upplied. Sumilarly, turning, 
fling and wunonthing of dry asbestos~cemunt pipes, u¢ lathos, mny requirs sxhaust 
to remove the dust produced. . 
. Synthetic composition shoeting, sometimes made in a rubber depurtment, 
l:“prndnged from dough cousisting of fiberized asbestos and rubbor, mixed with 

veut in kneading machines. Dust is produced in feeding the mixer with 
asbestos, dane in au upen manger by hand, from saci or skips, the sacks being 
shaken out, or [rom an open lastice feed. Subsequent privvsses ara dust-tree. 
Exhaust should be applied at the f{ecding point. 

(¢} Insulation Matsrials and Articles. 
. Comporitions.—" Magnesia,” the most importamt insuloting composition, 
is produced on a lurge scale by the principal manufacturers, by enciosed methods 
with ?neumtic conveyance of tha mixture to automatic sack fillers. Weighiug 

‘snd feedi ng the (iberized asbestos gives rise to dust for which exhouss i3 
Tacemary. 

Fiberized asbestos or ** magnesia "’ {s & component of many insulating com- 
positions which may also contain clay, kieseiguhr, fossil meal, fax, hemp or 

e ‘ddm In il % phr:ponion fi . ui" u:i‘ fi"“b‘"fiflfi‘ Tariss widely. many smail works the materials are mixed * dry,” by ’ 
in anogn manuer, involving sack emptving and filing, shoveiling and weigh- 
zg. nclosed rotary mixers could apparentiy be uded for such work with 

applied ar feeding points and the materinl discharged and Lagged 
enciosed conditions. If hand work is retained, exlinust shouid be applied. 

Consolidated Sheets.—Large shests resembling thick mats, built up of lnyers 
of Siberized asbestos, are consolidated with silicate of soda, sprayed on in magu- factars. The sheets may be backed ou one face with mil&onrd. or supplied 
withont & backing, boing faced when tixed with millboard or asbestos-cement. 

The sheets are produced of the required sizo and sbape at work benches, 
or baiit up on the table of a mauchine, capable of slow reciprocating movement, 
and fod from s ho;:&or sbove. In the former case, the fberized mnterial is taken 
‘in handfuls fron skips and spread out in the forms, the surplus being scraped 
mway and falling about at the sides of the work benches, and on the tloors, a 
conmidarable quantisy being seattered. Dust, produced in manipulating the dry 
fibre, before treatment with the silicate of sodn, is largely avoided at tho machiue, 
Efficient localised cxhaust should be applied to the hand process with improved 
beech arrangements, to prevent scattering. 

Band sawing of piled sheots, causes evolution of much dust, owing to the 
considerable depth of cut. Locailised exhaust alone, not yes applied, may prove 
insafficient. 

Sections and Slabs.~Mouided insulation is made chiefly in two forms, sec. 
tionswsemi-cylindrical and mouided hollow to suit various pipo sizes—and siabs, 
which are rectanguiar and solid. Thess products are usually moulded wot, either 

haud or machinery, {rom a paste or cream. prepared in o mixing machive 
ur tank. TFeeding of dry material involves evolution of duat which might ba 
awoided by one of the methods suggestod for feading beaters in millboard making. 

Sections are made at one factory by a dry proaew, at & maching indilfercutly 
enclossd. Feed hoppers, filled from siaps, daliver tho asbestos to internal latzices 
which in turn suppiy a teavelling band, as which the section is rolled by hand. 
Revolving brushes which clear the lattice and spread the material evenly oo 
the band give rise to much dust, and dust is producod at ths hoppers, and iu 
rolling and brushing awayr superfluons material. Exhaust dranght, not hitherto 

lied, is to be provided at the esposed brush and the machine is to be more 
ectively enclowed. An eoclosed * leed " is also neccssary. 

The sections and slabs are trimmed to size with circular or band saws. 
Much dust is produced and exhawt dranght is commonly applied. hut is in some 
eanes inciliciens. Circular =atws used in some cases in pairs. for trimming ends 
in one operation, can be fttod with exhaust honds above and below tho Lenches, 
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and band saws can be enclosed bolow tha tables and inverted hoods fitted, the 
exhaust draunghs being applied as for woodworking machines. Elfidiout arrange- 
ments should be readily practicable for all sawing work Lere. 

Mastresses.~—Matirosses are manufactured by practically all firms who 
mwn insulation requisites, though only occasionaily by some. Jattresies for 

contracts are mado in the contractors’ premises, their outdoor stall taking 
Decossary measurements aud preparing rough plans. A nuittress bas sometiucs 
to be made on sita. 

Maztress making invoives, broadly speuking, the sequence of processes 
associnted with the making of domestic nattrusies. The work is almost entirely 
hand work. Langths of asbestos cloth for covers ars vut out on & wide ben 
and sewn up, Uy treadls or powor driven machiges, to an extens depending on 
tha method of filling. mattresses may be sewn along one side ouly or goth 
sides may bo seamed and filling done from both ends. Betore filling, covers are 
turned ioside ont. Supplies of filing matarial, which usuaily, but may oot, 
coutain fbesizes gshestos, are brought, in sicks or skips, from chambers, or taken 
{rom open bins, in the room, kept sup%lied fram the chambers, or {rom 
of matarial supplied by outside firms. Filling is dono by hand, scoop or shoval, 
and quantities may be weighed. Tha ead filling ol long double-seamed mattresses, 
refarved to above, necessitates tho workman mounting on the bench to empty the 
material from skips into t.ha_oponinFs. After filling, the nattress is levelled or 
beaten, to maks the filling lio evenly within, the hand or a dlat wooden beatar 
being usad. Finishing processes include final sewing, stubbing or buttoning, 
fixing ou hooks, ete. 

Some duss is produced a the cutting out bench, in opening out the roll of 
cloth, and at the sewing machine, but _f:_v.;fl::vg_x_n taking mwaterial from bins or 
sacka,.in woighing; flling and levelling. uing of the cloth produces asbestos 
dust, the amognt of rhiicli ii'largag'!gmcrmud if the filling contains asbestos. 
The work is largely dons without regard to the necessity for suppressing dust. 
All banches arw entirely open. Locnlised cxhauss deaught is not applied. 

One firnr bave improved conditions considerably by the following pre. 

2) Keeping floors. and benches damp and ying covers before 
(.) Eo& ugnnecfiom and spray fitu’ng‘; are ptmcd.g 

Sub-division of departmont into severnl independent workrooms. 
o) Exclusion during flling of all workers: no¢ so smployed, the 

workers proceeding to another section. 
d) Mechanical ventilation of each room by cross ventilation, embody- 

ing plenum supply (warmed when necessary) at one sids and low lavel 
extraction at the opposite side, the air being changed botween 10 and 20 

(o%nlomw of use, by fillers, of respirators. 
These precautions do not includs applicasion of locnlisod exhaust ventilation, 

without which mattress flling and besting must involve some risk of inhalation 
of dust. For smail mactresses, a wide doable-sided canopied bench with exhaust 
draught, applied at gratings along the centrs line might be used, the filling: 
material being supplied within the canopy. Such a beneh may not perhaps be 
practicable for the mnkinF of large maitresses but the possibility should be 
ofdgln::‘ Othorwise at lenst the precantions referred to above shemid be 
adopted. 

(&) Brake and Clutch Linings. 
Before being impregnated, tha dry asbuscos cloth, knowu as “ grey,'” may 

be calendared at squaring roils and in ail cascs tho coils are cased out to separats 
them a little, so eusuring thorough treatment Ly the liquid. A little dust is 
produced in these operations but insuflicient to render special precautionary 
measures necessary, Other preparatory work oo “ grey ** arises in the making 
of special linings. ILengths of cloth are lightly hammered to ring shape, in 
templates, then cat with chiscl or shears and the radial edges sewn together at a 
wire-stitching maching, as used in book-binding. Dust occurs in hammering and 
stitching. A canopied hench fitted with localised exhaust arrangements might be 
provided and the machine placed under exhaust draught. 

E. R. A. Merewether and C. W. Price, Report on Effects of Asbestos Dust on the Lungs (1930)
ACL Doc 11382 · Page 28 of 34

Published by AsbestosClaims.Law

asbestosclaims.law/library/11382/28

https://asbestosclaims.law/library/11382/28


R
 

L
 

R
 
S

 

P
S

R
N

 
sr

ew
m

eg
 

29 

Dry impreguatod material is shoped and fnished mainly b wror-driven 
machines, e.g. knives, ciscular and guiimino. cuitting presves, lgydrynug?c squeczi 
premsesand buud saws. Custing and sawing expose ends ot wire and leave rouy 
sdges; trimming and smoothing, Jonc on grinding wiwels and linishars, are 
Becessary to obtain exact size and linish. All the operations, exvopt squeczing, 

sce waste, and dust is-crented in somo. The dust is heavy amd sticky and 
Jikoly to fly abous than dry asbostos dust, Tha amount is considerable at 

sawing and grinding machines and localised exhaust draught, to removo it, has 
besn. applied-in some cases with much succoss—and is aiwnys necessary. 

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

Grinding and Hnishing wheels include, in addition to ordinary single-disc 
machines, two-disc and vertical spindle segmencal grinders, used for flat [inings. 
The hoods by which the draught is applied Lo all these types aro similar to thoso 
applied to the same wmachincs when used for matal grinding. The position is 
similar as rogards linishers, 3 hood being ftted in line with and at the back of 
the band. A baille plats to prevent dust beiny carried past the hood by the high 
linear spcod of the band is a necessary addition. 

Special linings sud aoti-friction bushes are moulded from disintegrnted 
impregnated waste. Soma dust is created iz the filling of moulds and eificiens 
localised exhaust draught moy be necessary. The articles are shaped and fnished 
as just desoribed. Bushes are turned and bored in lathes. with production of 
waste and dust, but sxhaust draught is oot at present applied though possibly 
DECOMSSTY. 

(s) Packing and Jointings. 

Engine- is either (7} ** cloth ** packing built up from cloth, usually 

e ool o, e bl i S s o ** rope '’ i rom yarn, at braidi . plaiting machi , as used in mfln‘g‘:fi%fln (a} Negligible amounts of dpustuz:gy arise at the 
ing machine, from the acproofed cloth, and, in hnilding up, from materinl 

ad oz one sids coly. (0) Cliesses ** of yarn are first rewound on bobbins. 
'or the broiding and m machines. Simple winding mechanisms are used. 

Some littls dust is p ; special preveative msasures will usually oot be 

Plat packing, known as ,'* is made, on o small scals, from asbestos 
yarn, threaded oa a needle wound in and oat by Liaud, as balls of wool are 

.wound. This apperently insignificant process causes suificient dust to cover in a 
short time the hair and ciothing of the worksrs and should be done at a canopied 

() Asbestos-coversd Elsctric Condustors. 
mmmm—mmm are cither m\::p with g:rn, the usual mech?‘d; 

or paste containing a ibre, yarn being weapped upon thi costing: The gmermeshod is mggmliy achieved by a smail i.igh spg:dd stranding 
machins fitted with o flier careying the spoois or bobbins of ynrm, the wire 
wavelling asiully through the fier. Treatment with consclidating liquid, 
straightening and cutting to length follow, ail dono as the strandiug machine. 
Alternativoly, single cleczrodes may bo wrapped by a siteple winding mechunism. 

ar {octrodes are also made singly &mmmd driven. Pasto-covered ¢ 
st extruding machines, & llier for feedling the yarn being filted behind tho 

Aftor-drying, a short lenyth of the covering at one ond is ground away, 
leaving tho bare metal seccssary for making elcctrical contact in the holder, 
whes in use. Small abrasive wheeis, aluost entirely enclosed, are used. , 

Smail amounts of dust are projected from fliers, thouuh insullicient prob- 
ably to require the adoption of special precaptions. Much dust is produced 
in grinding ends and efficient exhaust ventilation is cssential; present apparntus, 
whare provided, is capable of improvoment. The process wounld be unnecessary 
if haxes ends were loft in manufacture, 20d experiments directed to this desirable 
end aro being made and give promise of success, . 
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Preparatory prowmses in paste muking include (i) dry grinding of Aborized asbestos by smull vertical disc yriuding wheuls, fed uz dg &utn lgom a Lopper 
ubove and dischurged [rom ie periphery into o bux below, aud (ii) hand wixing 
of tho ground materiale ut & beuch, iuvoiviug cmptying ous of dry material into 
paus. Dust is produced, the amount beiug cuusidumble in yrinding. Little 
precaution is taken. The processes might b accomplished under almowt entirely 
enclosad conditions, eflicicnt exhoust. draughe beiog applied at points whers 
dry matorial is exposod, ¢.g., in feeding. . 

Rawinding of yarn is sometimos necessary and primitive arrangements ma 
be nsed, the pracgice refcrred to on page 24 bainy fullowed, and ad a enuidcrubhya 
amouns of dust is produced, the practics should b given up. 

Cabls and Wiring.—Asbestos-covered cable and wiring constitute o small 
of the outpat nf the cablo factories. The yarn is braided and plaited 

on the conductors at machines, not reserved tor '* asbestos * products, similac 
to thoss previously describud, Rewinding of * cliowses, " as received from asbestos 
taxtile factories, is dote at universal winding nmchies. The amount of dust 
evoived in small, and special precautionary measures are apparently not required. 

Pield-coil Wrapping.—Field coils for slectrical machinery ars wound with 
asbestos tape by hard at ordinary work beachws. The process does not give 
rise to appreciable quantities of dust. 

‘ () Miscellsnsous. - 

Mouided Goods.—Soma elsctrical insulstiug fittings are mwoaided from 
rarnish-impreguated fiberized asbostos, prepared aftsr thorough drying in & 
mixer and ground in an edge ruuner. Altornatively, impreguaied scrap, ground 
in & rumbler, may be used.” Tha preparstory processes on dry or practically dey 
material are intormictens, and lavolve sack ampmx, shovelling, weighing, 

g A e o e hat o5 sogurds griodiag, banging cartaias wi spec recautions except that as vinding, hanging 
may be used a:ghcodgo runner, and the scrup nm%blcr is cnclosed. Dust is 

ved in the processes mentioned and localised exbaust ventilation shouid Le 
applisd to effect its removal, with, in addition, cffective enclosure of soms hand 
work, 0.8, empiying of trays into machincs could bo dous inside o cabinst 
imad with intornal arrangements. for securing the trays and an externnl 

for turming thom over. Localised exhnust may be nocossary for fnal 
trimming if done at ing whesis.. : 

Moulded articles made in other trades may contain bus a small proportion 
of asbestos, aithough a large quantity may be used. In one cnse the asbestos 
is sisved after drying, both operations being dono in encioscd machines, and, 
in addition, dry m%@m in rotary machines, and paste nuxing, on open 
rolls, o8 in rubber works, are ulso required. Processes carried on ‘with some 
risk of exposure to dust include smptving of sacks into bins, filling of trays 
for drying, feeding at the sieve clevator hoppers, tho dry mixer, and the rolls. 
Locolised exhaust is applicd at (a) the elovator hopper, (b) the storage chamber 
above an intermediate bagging poiut. (¢) the dry mixer, and () the roils. More 
efficient arrangements appear to be desirablo for (3} and (c): the fecding of the 
elevator might be done under onclosed conditions if n cabinet as mentioned above 
were provided into which the travs could be inserted. Localired exhaust is 
necessary at storage bins. Final trimming of rough edges is done nuder efficient 
exhaust deaught. 

Othor procssses of comparntively minor importance. e.g.. asbestos. putty 
ixing. in which thers is bandiug and feeding of dry mnterial in preparatory 

processos, will call for precnutions as previously described for similar work. 
4. ~~3AcKS. 

In a fesr cases sacks of sailcloth or other cloacly woven mnterial are used 
inside the factories. Such sacks are much to be proferred to those made of the 
ordinary material, which is.® leaky " and gives riso to dust in handling. 

5.—=CLEANING 0F Worka, MACHINZRY AND Sacxs. 
Some factories are kept in a more clennly state than others. but higher 

standards and improved methods are desirablo meneraily. Weekly cleaning by 
dry methods is general in textile factories, but is more eoffectively done in some 
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cases than in others. Casual cleaning may also be done during the week. The 
dust which gathers in o week renders cleaning » vory dusty operation. Young 
workars may be scen on carding machines brushing dust into the air from the 
covers, ste.. in considerable unwuns, near other workors. Some firms have 
instituted more frequent regulur cloanings and more satisfactory methods by 
damping before. sweeping. . 

Vaouium cleaning-nethods huve not been adopted and such methods sem 
to be regarded as impracticable. but this cnn hardly be accepled. Portablo 
vacuum sets are constantiy used with great udvantage in other ciasses of works, 
&8, slectric cable fretorics. by aduit cleaners who keep the machines, plant, | 
setvice pipes, ete., thoroughly clean. 

1f vacnam mathods are not adopted, well orgunised daily cleaning, by adults. 
using damp methods for floor cleaning, shouid be the rule in textile factoriesy 
A water supply with suitable hose and spray connoctious shouid be provided. 

Débris prodnced in asbestos-cemont sheet works under moist conditions may 
become dry and cause gencral dusty conditions. Cleaning should be so frequently 
done as to prevent this. 

The cleaning under machines such as looms and_cards entnils collectiug 
waste of considernble vnlus. done at presont by hand. Vacuum collection should 
be possible : in prineiple, it is already used for removing side wnate at finishing 
cards. The sound principle of collecting card waste, throngh floor openings. 
has been ndopted in one new factary, and might be followed in others, with 
automstio collecting arrangements. 

Sack cleaning is done in a few large works in onclosed machines. involving 
some- risk. of exposure to dust in filling and emptying, notwithstanding the 
provision of locnlised exhaust venmtilation. A type of “ exhausted ” machine 
which does not invnive such work is to be preferred. . 

§.=STMMARY AND RECOMMEINDATIONS. 
Asbastos fuctories and workshops covor a great variety of processes. The 

premises differ widely in structural featnres and are congested in mauy cases 
with machinery or maierinl. DProcesses are largely carried on in close association. 

Dust is produced at many kinds of machines, in band -process work, and in 
dugcnéne:dentnl operations, particularly in emptying settling chambers, and in 
sll ling of ** Aberized TM asbestos. 

In textils factories, pure asbestos dus is continuonsly produced, in differing 
amounts, at ail the principal machines. Card stripping, a very cuscy operation, 
is usually effected by hand strickies. Hand mixing of différent grndes and 
varistiss, incidental to opening processes, is aiso dusty. 

Ia non-textile factories, pure asbestos dust is produced at npening muchines. 
in feeding mnchices, in making insulnting mattresres (o dusty hand process), and 
in imcidental hnnd work. Dust, though rrely pure asbestos, is produced in 
finishiog operations, e.g., sawing, grinding and othor abrading of asbestos 

. . The sppropriats mothods for suppression of dust may only be fuily deter- 
mined when the harmful effocts of comparatively low concentratinus of ashestos 
dust ars duly appreciated. Very dusty processes will not fail to be recognised, 
but in procosses such as spinning nad weaving. in which in other textile trades 
special methods for dust control are not required. due precnutions are aiso neces- 
sary. The ashestos manufncturers are cleariy confronted with the necessity of 
attaining conditions in their industry which will ensuce much lem dust in the 
atmosphere than can safely be tolerated in many comparable trades not using 

The principal methods for the contral of dust are:— 
(a) applieation of exhaust dranght at dust-prodncing points: 
{8) substitutinn of encloscd mechanicul methods for hand conveyancs. 

and for dusty hand worl geneenily: 
() eflective enclosure of dust-producing machines and plant: 
{4y substitution of wet methods for dry. . 
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. Each of these has its particular sphere of utility, and the particular indica- 
tions for their adoption are put forward inser alia in the recomendations below. 

RECOMMENDATIONS. 

(1) Applicatiox of Efficient Localised Exhsust Ventilation at dust-producing 

This measure, of the greatest importance where aanufactariog and incidental 
processes ocension escape of dust not controlled by encivsure or other measures, 
is necessary for:— 

(a) Dust-prodxcing machines, e.g8.— 
{i} Crushing, disintegrating, teasing and other opening 

machines; sievi‘ngg machines; fi;nrg griuding machioes; dry mixing 
maahines; rolls fod with dry mixings. 

@Cadingmhim(mmpmdmfm inder and doflers, caused. by stripping and grgding, in additioncyslamthu: pro- 
duced by carding); card side wass exhnus mnchines; looms for 
dey yavxtgg; stripping and grinding machines; other taxtile 
machines, il the dust sveived renders this proventive measure 
DECUSATT: 

{iii) Sawing, grinding, trimming; lishing and otber abrading: 
machines, uedgong??y asbestos pggug; s e 
) m;fi delivery akiuzmt. or other coinnyon. ?s mwhu}n d:: 

other H at elevators; bagging lattices; feeding o 

{¢) Chambers, containers, “ cycions TM hoppers, or other enclosad space 
into w)bick fherized asbestos or mixtures contsining it are dalinn:lg. or 
pass. : 

{d) Work benches; e.g: for mattress moking; wasts sorting. 
- (#) Various hand operations, s.g., sack emptying and filling, weigh-- 
ing, mixing. 

' 

This is the principal measurs hitherto adopted; and is Karobably that most 
applicabls. 1t has been applied to some only of the above machines, 

and appliances, bus not to haod wo The methods of appiying the exbauss 
and other asmocisted factors, are bocoming mors efiective, but thers 

sre fow fuily satisfactory plauts. Special difficuities remain to be overcome in 
some cases, 0.2, mixing, mottress making. If not surmounted, as 
alteruative, viz., general ventilation of o high standard appiied so as to draw the 
dust-iaden air sway irom the worker. should be provided. . 

(Q‘MW«MM&MMM!&M&MQ!MMM 
dosty hand work gensrally. » . 

This measure— 
() avoids depositing matarial ig chambers. intarmediate filling and 

emptying of sacks or skips, hand feeding of machines, and other incidental 
[{ pm' its of final Glling and weighing, undor the Jeast dusty con- 

ditiosa of materials for dispateh; ' 
{¢) renders exhaust draught roore effective, or, in some cases, 

It is already employed to some extent, and its furthor application, wherever 
is greu{ly tg be desired. eP 
mMnm&motdnn-Mmmmwg 

{s) To prevent cscape of dust not controlled by exhaast degught, o 
{5} to render its application mars efficiont. . N 
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(6} Substitution of wet mathods for dry. ) 

To reduce tho dust given off in certain processes aud work, e.g., 
(a) & considerable amount of weaving; 
{0) mattress making, by wetting the covers befors filling, aud by frequent 

wetting of floors and benches; ‘ 
{¢) final sawing, aod other machino processes, in asbestos-cement sheet amd 

tils factories, befors tho prepared mumrhm had tima to dry; 
(@) works’ cleaning, by damping fioors and benches, hefore brushing or 

sweepiog. 

This measure might be adopted to & grester axtent than at present. 

{5) Elimination of certain dust-producing appliances. 
Certain appliances are used in a few works, sometimes with 3 mensure of 

precaution, but which emit moch dust, dificult or impossible to control by etlicient 
enclosare or exhaust draught. They shouid not be retained unless edectiveiy 

(@) mpund doffer brush at curding machines: 
() card side waste ashauss machines, delivering under pressure; 
{¢) certain willeys aud tensers, pasticulariy old machines. 

{6) Abandonmant of Settling Chambers in Manutacturing Procssses, 1o the: 
- ntmost sxtant. 

{7 Lttectual separation of Processes {0 Prevent unnecessary exposurs to dust. 
New factories should be laid out 50 es to avoid exposing workers to risk 

from- processss upon which they are vot engaged. In particular, thers should 
be- effectual separation ofw- 

(a) opening, carding and weaving, from each other, and from any 
procoss; . 

() spinaing, doubling. plaiting aud similar processes, from work 
not cansing dust; ’ 

(¢) mattress making, from all other work: 
(d) chambers, containing fiberized asbcstos in bulk, and dust settling 

~ chambers aad apparatus. from agy workroom. 
‘The separation of mastress making should be adopted in existing works, 

and other separntion referred to, as far as pratticable. 

- Wids o dnst-pr machines in new factortes L) spacing pmdnma?mmm‘ new and, as far as 

This mensure would bring about permanent reduction of dust concentration 
isx the air of the workroom as & whole. and provide improved cleaning facilities. 

(9) Use of aacks of close taxture matarisl for internal work. 
(0) degsymmmwmamotmmm (See aiso (4).) 

an Starage of asbestos and othar goods to be outsids workrooms. 

{12} Exclusion of young persons from specially dusty wori. 

Note.—~Particular proventivo measures of o medicnl natare are referred to in 
Part I. where alo the limited value of respirators us a'saleguard in this industry 
is briefly discussod. g 
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Norx onr Exuavsr VENTILATION IN ASngsTos Wonks. 
Some eshanst plants are caretully desigued and reasouobly officient, but 

some are ill-desi and inelficicnt: others, aganin, do not cffect rumnoval of dust 
ta & sufficiont extons. The draught may not be nplplicd as closcly as possible to 
the ucing poiuts, or may be tos weuk. The cmission of a visible dnst 
clond a¢ & poine w exhaust is applied is a clear indication of inadequacy. 

Extessive aiteratious of existing plants may produco serious ioss of efliciency. 
Exheuss provision for new machinery und provesses should, therefore, v 

. be mads imopendently. While advautages rosult from doaling with 
many dust-pruducing points, by 2 single exhaust plant, a number of self-contained 
plants, with indepensient fans and sectling apparatus, is often more efiective: 

- . Exhaust ventilation applied on a lnrge scale eutails continuous removal of 
& considernbls volume of air from the roomn. The supply of Srewh air nwust be 
ampis or the eificiency of the exhaust ventilation mav be reduced. In inter. 
the workars are lisble to bring abous this result by closing windows aud doors. 
Plenum ventilation capable of su plying the volume extracted, the incoming 
air being warmed, may thersfore be desirable, wiiere extensive exhaust piants 
are installed. 

Eficiency of an exhaust ventilation plant may be tly reduced by in- sfficiont d ing methods. Each fan p:hmld diachnrgegr?nco an independeat 
d pted iu asbestos works inciude cyclones, large chambers 

connacted with cyclonces, large chambers enciosed with sacking or other fiterin: 
matarial, and bag fiters. Cyciones and chambers are usuaily weil se 
from workrooms. fltors are now being commonly adopted, for small instal- 
lations. These fiters und * bailoons ** are sometimes pinced inside workrooms. 
a bad practice. They are best placed in frecly ventilated rooms, eilsctively 
separated from workrooms. 

Filtaring fabrics for settling dust gradually become- cl ; and as this 
eoffect incresses the exiioust plant becomes more aad more inetficient, the volume 
of air moved by the fan boing reduced. Such settiors must therefors be kept 
clexu. Tho usual practice is to veat the fiitering mntorial. Arrangements for 
shaking bags from cutside. or automatic shaking apparntus are not provided. 
Asbestos dust does not appear to be so difficult 10 detach from snitable Gltering 
materinl as some dusts, but much dust is produced in beating: Efcient shaking 
arrangements, avoiding this exposure, shonld be provided il this method of 
seitling- is retnioed. Some frms stroogly support tho view that it shonid be 
given ap becnuse of the difficuity of maintaining the exhaust plant at the highest 
eificiency. The matter merits caroful considerntion. In icular, the 
efficiency of the exhaust piant should be kept undar constant tion by a 
responsible permon. 

Cyelones shonld be of adequate dimensions. The combination of chamber 
and cycione is used extensively. the fan discharging the air into the chamber, 
to which the cyclons inlct is connected. The officiency of this arrnogement should 
remain practicaily constant. 

E. R. A. MFREWETHER. 
CHAS. W. PRICE. 

1dth March, 1930. 
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