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ABSTRACT

The strategy of fibrous dust sampling is discussed.
various =amplm-' methuds are critically reviewed and
their apjlication to coal dust is demonstrated. Fibre
courtiag is described in detnil. An attempt is made to
explain the basis of determining the threshold limit vzlue
of asbestos and otler dusts,

The paper al<o discusses such dust cuntrol methods as
enclesure of the pruccess, effcetive local exhaust ventila-
tion, ~c"leg.lu-n. substitution, wet processing znd con-
tinuous monitoriny ol the returw air for recirculation.

INTRODUCTION

TUE LNORMOUS INCREASE in the produciion and in-
dustrie! vse of ashestes and fibious glass during the
pazt 30 vears lias resulted in markedlr widened ex-
pusute to Tikrous cust Tor a great number and variety
of worracs, In gyeceni vears, a great number of re-
t¢ have beon published which dizcuss the effects
fitrous glas~ dust in the lungs, The cvidence de-
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rived from these investigations indicate: that inhala-
tion of fibrous glass narticles causes only respiratory
tract irritation and does not produce permancnt lung
damage. In conira<t, astuestos {ibres have Leen known,
since the beginning of the century, to cause fibrosis
of the lungs. The greater threat from asbestos, how-
ever, lies in its pcssibie association with lung ecancer.
In the last decade, several authors®®*® huve called
attention to the association betveen leng-term (?)
exposure lo ashestos dust ecially crocidolite) and
mesotheliomas of the pleura and peritoneun:. Hence,
we are far more concerned about asbesios dust than
any other fibrous material.

The word asbestos refers to a varietr of hydrated
silicate minerals which can be split into relatively
soft silky fibres. The known varicties of asheztos can
be divided into 1‘\0 main groups on the basis of their
crystalline stricture: 1) pyroxenes (serpentine) —
chrysotile; 20 amphibeles — crocidolite, amosile,
tremolite, actinelite and anthophyllite. The 1ypes most
commounly used are chiysotile (it accounts for @3 per
cent of aii the asbLesics 1\1'(::111(-*0 today, amesite and
crocidolite. The fibrous form of chrysatile (ehicfls
pinduced in Canadz and P.usu.u is retained cven
when broken into small particizs: the filres zre long
and needle-like. with = thxcl-.ne ss of about 0.3« aud a
length of 10-20.. The diameter of the finest fibre is
in the range nf 130 ¢ 40035 (13 018 . Croi-
doliie, the Live s~hesios, is found in Cape Toewn and
Transvaal, South A7rica. It breaks dewn te give cnv.-
mously strong. fite fibres which are used mostiy a:
a thermal insulaz v, Amosite is similar to c.vuu\,l..c
in chemical compsition, but is not az strong. It fuses
at higher tempeoviture” than crocidolite, and is often
blended with cther {ilbres. The world preduction of
asbestos in 1648 vas over 3 million tons por vear,
which is five times moere than twenty vears ago.
Workers now are not onhv expesad i mining audd
textile industries. as in tue past. but aiso in many
other indusiries nsing ashestus-containing preducss.
There are more than 3.690 recorded uses't of asbestus.
The uses range Yrom floor tile. which corszumies hun-
dreds of theus:nds of tons, to shecial filieation oppli-
cations which may conmie & .L.....\e‘\ C"Lu' oNnRse
annuilly. Thus, with the increesing vss of asbiastos
minerals, there has coms the cealirativn of some very
rea! hazard< which maest be clearly understand and
controlled.

The object «f shis paoer is to offer np-ro-date know -
edyc on various metnods of measuring asbestos dusii-
ne~z in order te nwrevide usefu! and resconably ae-
corate information for achieving adignate dust con-
trel. As the auther is an engineer, the nucarial in this
paper is presented with an engn.u-r's point of view,
In the past, it has Leen difficult for nsinesrs to vn-
derstand the lang-'a"n and interpreiations of micdies?
and rezearch scientiztz, The literature revinw ]~.,.: re-
vedled 1o the atthor .A.at there exists u Lip cap be-
tween the tv groups. Enginecers vho ave lool 'u for
answers {¢ why™, cwhere” and cwhen” aije, theine
fore, eempletelv Jost hefare ther nar ot
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STRATEGY OF ASBESTOS DUST SAMPLING

The muin objects of asbestos dust sampling are:
.ti+ To determine whether an atmosphere is poten-

~ tially dangerous; and )

(ii+ tc asceriain whether the dust control measures
are working efficiently to maintain safe working
conditions.

How does one define “poter.tially dangerous” and
“safe working conditions”? Epidemiological studies
are riot onlv confusing bul centradictory. Although
there is now considerable acceptance of a causal rela-
tionship between asbestos dust and asbestosis, lung
cancer and mesotheliomas, scientists still do not agree

’

as to what levels of dust exposure are required for -

the production of the various diseases'. A dose tgo
small to produce fibrosis may, nevertheless, lead to
lung cancer. A dose large enough to produce asbesto-
sis mayv cause malignancy if the worker does not die
first from his pneumoconiosis”™'. Again, it is not
known precisely how asbestos fibres cause disease or

if all forms and sizes of ashestos fibres are equally -

hazardous. The reason that no definite answers to
these questions have yet been found is due to the dif-
fererces in experimental and human asbestosis. In
spite of extensive research on experimental asbestosis,
it has not been possible so far to reproduce the dis-
“ease exactly’'’. The marked variations in respiratory
tract response by various animal species and the dif-
ference in the number of filwes present in relation to
. the degree of fibrosis make it difficult to translate
any conclusion from experimental asbestosis to human
ashestoszis'®. However, the experimental asbestosis has
given rise to two causation theories which throw some
light on the relationship of particle size and pathoge-
nicity in z<hestosis, These are, respoctively, the theo-
ry of mechanical damage and the theory of chemical
action.

The theory of mechanical damage is supported by
the observation™ that the asbestos dust particles,
smalier than 3 microns in Jength, had little or no reac-
ticn on pulmonary tissues. This was very much in
contrast to silicesis, which is caused by silica dust of
the same size. Thus. if asbestos particles no longer
than 5 microns are inhaled, very little disease would
develop and the process would advance more slowly
than when the airborne particles contained a predo-
minance of fibres of 10 to 50 microns"®,

The chemical theory. on the other hand, favours the
view that fibrosis is the result of the chemical action
of an unknown fibrogenic agent (could be silica) re-
leased by disintezration of asbestos bedies'™ (gili-
cates ., This theory takes into account the delaved de-
velopment and progressive nature of asbestotic fibro-
sis. Nagelschmidt''” obzerved in 1965 that in over
half the asbestosis lungs from Great Dritain and
Sauth Africa. practlically no asbestos fibre was found,
irre:pective of the grade of fibrosis, and that ashes-

tos diist was pessibly dissolved in the lungs. Knox and

Beuttie” studied the particlz-size distribution from
the insoluble residues of the lungs of twentyv-seven
cazes of ashestosis. The fibres in excess of 26 microns
were found to have almost disapneured from the lung
vhen the period between lust expezure and death was
rore than ¢ipght years. Significant changes in the
nunmber of fibres of Jess than 3 microns and those of
5 te 132 were not found. Demy and Alder™ svggect-
ed thut the ten<ency of the fibre to subdivide almost
endiczsly may zccount fur the fuilure te find ashestos
In presumptive cases unles: the electron microscope
1« vied o1 jncineration is done. This may aceovnt for

the claim that inhaled asbestos dizappears from the
lung, when in reality it is fragmenied into submicro-
scopic particles.

Thus, if the chemical theory is accepted, then the
smaller the fibre. the greater the solubility and hence
a greater biological effect. On the basis of experi-
ments, Holt ¢t al.'*" concluded that chrysotile dust of
small particle size (51), because it was easily engulfed

" by phagocytes, was capalle of producing fibrosis.

Thompson et al.**', in 1966, showed that fibrosis may
occur in the presence of few asbestos bodies and very
small particles of asbestos dust, as well as with ultra-
microscopic particles in the range of 200 - 2503.

The increasing evidence of a relationship between
asbestozis and carcinoma of the lung may postulate,
in the future, a new dose-response relationship. We

" do not yet definitely know, however, whether asbestcs

has properties of primary carcinogenicity or whether
its effect is entirely synergistic’™. It has also been
suggested by some authors' that the presence of
polycyelic carbon compounds and trace metals in as-
bestos fibre may be carcinogenic. Gross et al.”*’ ob-
served that the presence of trace metals (nickel,
chrome and cobalt) in the asbestos dust increases by
82, 145 and 34 per cent, respectively, when the dust
is subjected tu hammer milling.

In 1967, Colling'® came up with another hypothesis.
According to him, ingestion of fibres is probably us
important as inhalation in the production of disease,
and the ‘asbestos corns’ which occur in those who
handle the material suggest that penetration of the
skin occurs as well.

The question still remains as to what we should
sample — tetal dust, long asbestos fibres
than 32 in lenginy, short asbestos fibres (less than
Su in diameter; or metallic contents of the fibre. The
obvious answer is that, in determining the dust ha-
zard, both the tcial count ¢f asbestos particles (in-
cluding fibres» in the working envirenment and the
prevalence of fibres of different lengths should he
considered. The presence of trace metals and their
carcinogenic qualities can, for the time teing, be left
to future confirmation.

fgreotor

THE BASIS FOR DETERAMINING
THE THRESIIOLD LIMIT VALUE

The threshold limit value (TLV: is defined by the
American Conference of Governmental Industrial Hy-
gienists (A.C.G.I.LH.) as the average of the time-
weighted concentrations throughout the S-hour daily
operation under which it is believed that nearly all
workers may be repeatedly expcsed without adverse
effect. Stockinger®” in 1935 reviewed the TLV list
of A.C.G.I.LH. He showed that 42 per cent of the
values were based on animal experiments and 11 per
cent  on hwman  experiments, and that 4 por
cent have the support of both, 33 per cent derive
from industrial experience and 9 per cent were based
on what was termed an “ecduciated guess”, with the
origins of 1 per cent uncertain. In the vase of asbes-
tos dust, it is very difficult to apply the effective
values established by anima) experimenting to human
exposure — due to the following rezsons:

is recogniz.ble only after a numher of vears. Henc
the animai- have tu be subjecied to dust concentr:
tions much rigker than thes: which occur in indus-
tries to provide effective and rapidly assessalle

values, A : 0 S : U

(1) The effect of ashesto: dust causing asbestesis
ne



(2) *There is a lack of general agreement about the
theories en the fermation of ashestosis.

In 1946, the A.S.G.1LH. proposed that the TLV for
asbestos dust be set at 5 mpped (million particles per
cubic fozt:, as determined from impinger samples.
This value was recommended by Dressen, Dallavalle,
Edwards, Miller and Sayers''™ after a study of 541
emplovees in three asbestos textile plants using chry-
srtile asblestos. In 1967, Cooper'®’ observed that the
TLV of 5 mppef for asbestos rests on shakier evi-
dence thzn most TLVs. His chief argument was that
the impinger counts include all dusts and that a large
proportion of asbestus fibres have diameters below
the resolving power of the light microscope and are
not counted at all. He further reported that asbestosis
appeared in insulating workers who were exposed to
concentrations much below the time-weighted aver-
age of 35 mypef. Leathart and Sanderson”*' also con-
sidered the TLV of 53 mppcf to be too high. In Jan-
wary of 1968, the A.C.G.LLH. issued the foliowing
statement:

“A limit to 5 mppef. based on impinger samples
counted by light-field techniques, is satisfactory to
control exposures to most forms of asbestos. Crocido-
lite, however, has been shown to produce. in addition
to the zsbeztotic inflammation, also mesothelioma.
Since no safe 1imit can be establizshed for this form
of asbestos at thiz time, until more definitive data are
obtained, it is recommended that workers expesed to
crocidelite be equipped with air-supplied helmets.”
Since then. it has Leen suggested by various inves-
tigaters that the TLVs for known or suspected carci-
nogens should be established as zero, as there can be
no certainty of a concentration which is harnmiless to
man. Hoewever, & zero (oncentlmion i< meaningless
from the noint o view of an industiial hygienizt iry-
ing tc asszess the efficiency of a dust contral svstem.
Dy using & sufficiently insensitive method and suf-
ficiently impuie reagents, an analyst ¢can make almost
any atmospheric concentration show no significant
difference from the background concentration, which
is the only meaningful definition of a zero concen-
tration, On the other hand, if a definite concentration
is aimed =at. e\'e'1 though it is as low as the 5 fibres
per m! currently being suggested by the A.C.G.IMH,,
in the case of .u.'ecto\ dust it is possible for a scien-
tist, by thie selection of a sensitive method, to preduce
an answer with the agreed precision at this level.

In May, 19G8 the A.C.G.I.H. proposed a TLV of
12 fibres per m) for asbestos filres greater than 5
micronrs in length, as determined by the membrane
filter techiique’™ . Obviously, the committee accepted
the theory of mechanical damage rather than the che-
mical sction described earlier in this paper.

Qur experience ¥ showed that even in those places
where visuul imprezzion sufficed to document the ex-
treniely dusty conditions and where impinger counts
showed 10 1o 15 times the TLV (proposed 2 mppef ~—
for teted dust:, the average fibre concentrations were
much below the proposed TLV of 12 fibres ml. The
Britizh ¥ have long been using a concentration of 4
fibres per milltlitre (fibres longer than 5x) as a goal
in dust control.

" The A.C.G.1J. however, did nol allow sufficient
timic for varvieis i!]\€>~]:._.'ntﬂl. to critically annlyvse the
TLV ¢f 12 fibres ml. Now they are proposing to Jow-
er it ¢n 5 Tibres ml

The authar, hevever, is inclined to agrec with Ger-
man investireter:® 0 who decided to deterinine
‘dust fueters” rashor tlen TLV: to evaluate working

e--

conditions. The ‘dust factor’ is determined by the fol-
lowing formula:

K:‘;X]{A
F= 100 “ccrrereeee oo (1

where Fo= dust factor i
Re teial concentration of all dust particles in ppec of
. air (ppec — particles per cubic cu‘umete"
Ka = asbestos fibre concentration in ppec of air.

Kesting'®*' suggested the following categories of de-
seribing safe limits
Fi= 0-20... .. ... ... no hazard
2=20-40... ... ... ... low hazard
Fi=40-6€0... ... ....... medivm hazard
F.= aboveGO.. ..... ..... high hazard

According to him, an asbestos disease should not
be expected with the range of F = 0-20. The proposed
A.C.G.ILH. TLVs of 5 fibres per ml (membrane) or 2
mppef (impinger), if and when substituted in equa-
tion (1), give: F = 3.5, which is within the range
of F (0-20). Hence, the author strongly suggests that
the TLY committee of the A.C.G.I.LH. should follow
the German concept of ‘dust factor’ and recommend
both the total dust and fibre counts, in the case of
asbestos dust, until we are reasonably sure about the
relative hazards of fibres and other dust particles.

Furthermore. the ‘dust factor’ could be more ap-
plicable in the mining industry, where the total dust

. expesure mav be higher than in the asbestos textile

industry (mostly fine fibresd, although 80-95 per cent
of the dust may be parent 1ock dust which could be
biologically relatively inert.

Before we finish discussing the subject of threshold
limit values. I have one final comment to make:

The TLVs, or the zafe limits established in various
countries. are nnlv meant to he used az a guide and
should not bLe given a legal connotation. However, in
my opinion. s¢ long s these TLVs exist, there wid be
misinterpretations by those not fully informed of
their nature. The TLV committee of the A.C.G.I.H. is
aware of the fact that the TLVs have been used more
absolutely than the recommendation justified.

It <hou]d further Le understood that the values of
TLVs have Leen, in some cases, decreased in the past
and thele is every posegibility that they may be fur-
ther reduced as fresh information becomes available,
especially in the case of known or suspected carcino-
gens like asbestos.

SAMPLING INSTRUMENTS & TECHNIQUES

1t has long been apparent that because the tech-
niques of dust counting vary considerably, they need
to be standardized. The writer has no intention te
involve himself in the theories of commercially or
otherwise avzilable dust sampling instruments. Sev-
eral comprehensive reviews on sa mphng instruments
have been published in recent vears™ . An attempt
is made here i¢ describe an instrument which is not
only very practical hut also reasonably accurate in
the case of fibre and total dust counting. Instruments
measuring mass concentrations have very litile appli-
cation in the asbestos industries due to the follow-
ing recasons:

(1) In mo=t asbestes exposure, the ashestos is mixed
with other dusts,

(2) When asbestos is shredded, the fibres tend tc¢
clump into balls which float around in the air;
whether or not one of these bails are celected by
the sampler would have a great influen Oro-Dtlaeq
mass concentration,



Furibernmore, the threshold limit for asbestos dust,
as menticned earlier. is expressed in terms of fibre
or total dust counts. The instruments capable of giv-
ing numbler counts are:

(2 Konineter

(b Impinger
i¢) Thermal Precipitator
(d' Membrane Filter

The number counts are generally expressed in terms
of either million particles per cubic foot (mppef) or
the number of particles per cubic centimeter (ppcc).
In the case of fibres, the unit commonly used is fibres
per cubic centimeter (fpcc). All of the instruments

“mentioned above have been described many times"®¢%,

A common characteristic is the aspiration of a quan-
tity of air for measurement and its subsequent exam-
ination and counting under the microscope. The aspi-
ration volume could vary from 2.5 cc in the case of
the konimeter to about 500,000 cc in the case of the
impinger. Let us now examine the advantages and
disadvantages of these instruments in fibrous dust
counting. Fibres are almost universally defined as
those particles with a length three or more times their
width; that is, they have an aspect ratio of at least
three.

Konimetier

In the czse of the konimeter. the entire sampling
provess takez only a fraction of a second (snap samp-
ling) and can lead to quite erroneous results in situa-
tions of varying concentratiens. Various authors®®
Luve tried to correlate konimeter counts with other
instruments. The resulls of severa] tests on coal dust
v, o the averaro, twice the dust concentration
compared to that determined with the thermal
ecipitator. The higher counts were mainly due to
shattering effect of the impacting velocity. The
antanecus values of the konimeter resulls in the
case of fibrous dust were chserved by Kesting®® in
19G6. He concluded that: “The extraordinary diver-
gence of individual results obtained from measure-
sents near a spinning machine were repeatedly not-
ed. A single break in a thread occurring at a spindle
rotating at several thousand rpm shortly before meas-
turement produced such high values that the total pic-
ture of dust concentration is negatively distorted. On
the ather hand. a period with few thread breaks can
supply excessively favourable data. Furthermore, in
twa plants with almost identical machinery, it was by
ne means rare that results were favourable in one
ang alarming in the other. This was due {o the dif-
ferent quulity of the raw material processed, and also
to the different degree to which different factories
approach the spinning limit of the materials.” Wal-
ter’” found fibres up to 100. in length in the sus-
pended dust samples taken with the konimeter at
plants proce~sing asbestos textiles. The still longer
fibrez. which are usually present at higher concen-
trations<, are not aspirated by the konimeter. He count-
cd botl: the total dust and asbestos fibres (with an
average length of 1-2.) under the konimeter micro-
zeope, 14 was shown that optical evaluation was cost-

voand time-consuming for the ever-expanding seljes

holY
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‘neesvrements because of the considerable fluctua-

tiorns ¢f the dust situation. Two konimeter samples
with an egnal numhber of particles differed greatly in
fibre count. Walter® then concluded that the use of
i ! counting methnd for such konimeter sam-
shestos fibres b2 Righly problematicsl and

(Citl) Bulztin for August, 1970

leads tv major ervors. He also observed that the per-
centage of asbestes fibres in the total dust counts
varied from 1 to 50 per cent, depending on the various
stages of the working process te.g. preparation, card-
ing, spinning and wearing).

Counting and sizing under the optical microscope
inherently leads to erroneous results, particularly with
konimeter counts. Because the slides of this instru-
ment are coated with a more or less thick laver of
vaseline as an adhesive agent, the particles are less
visible than in the samples of other number counting
instruments. For example, the thermal precipitator
samples, which do not have such a layer, permit the
recognition and counting of particles smaller than
can be recognized in konimeter samples*’ when stud-
ied under identical optical conditions.

The konimeter, however, could be a very practical
instrument if the sampling is to be carried out in the
respiratory zone of the worker. The instrument is
especially valuable if a microscope is attached to the
konimeter (e.g. Bausch and Lomb dust counter). An
instant and rough estimate of dust concentration in
the working place can then be obtained.

In any case, the konimeter slides should not be heat-
treated before counting asbestos fibres. An experi-
ment'®" in the past has shown that asbestos fibrez,
when heated to 700°C, lose their cryvstalline and f{i-
brous form and become amorphous.

Impingers

There are two types of impingers currently being
used in the industries — the Greenburg-Smith (rate
of flow 1 cu.ft min ) and a2 emaller vercion, the mid-
get impinger rrate of flow 0.1 efm'i. Figure I shouws
the Greenburg-Smith impinger, which it exte; sively
used by the Environmental Health Branch of the On-
tario Depuriment of Health. The technique of samp-
ling, which was originally developed for the evalua-
tion of silicccus dust, has been well descrilbed Ly

ey
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FIGURE 1 — S&ampling with  the
Greeuburg-Smith Impinger.
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FIGURE 2 — Electronmicrograph of Asbestus Fibres.
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are thought to Lo the causes of disease.

Thermeal Precipitator

The therm. cecipitator s regurded in many coun-
wics, jncely fhl <4 :',L U.K., as the standurd instrument
for ""J"r.‘. dust estimation. Fer some reason,
hovwevers it has v Leen very pepuinr on this conti-

3 oh=e1\ ed that~

.1.<i was first applicd te determine

“counts. However.
2 \L airborne

“tor be used on the intake side of a
tor. The purpose of this elutriator is to pass only the

o Was that the Jmpn‘a;er is us conve- -
instrument and, in view of the

nent. The instrument was first developed by Ban-
eroft’®' in 1920, and in 1936 a modifie¢ forn: was pa-
tented by Green, Watson, Whytlaw, Gray and Lo-
mar™. Since then, several modifications to the stand-
ard design have beer. introduced’™ . The Leng Running
Thermz! precipitater (LIR.T.P.y, developed by Ha-
milton'™ in 1036, is supposed to be the mest suitable
for particles above 0.5 to 1a. The instrument has long
been used for coal dust sampling in the UK. It is
considered to Le of uniformly higl efficiency for coal
dust particles below & 5-micron aerodynaniic size. The
results obtained are in close agreement with those
obtained with the membrane filter (described later).
For fibre counts, the instrument is verv useful be-
cause it uses the principles of both settlement and
thermal precipitation, in contrast to thermal preci-
pitation only, as used by the standard thermal preci-
pitator, which rarely collects fibres zbove 10 mi-
crons’™’. Holmes'™ observed fibres up to 300 microns
in length in the sumprles collected Ly the L.R.T.P. Fur-
th:ermore. the deposit covered an area 5 inch square
and was therefore easiér to count than the standard
thermal precipitater deposit.

One great advantzge of a thermal precipitator is
that the samples are mounted dry and, therefore, very
large magnification can be used to see the fibres. This
is in contrast 1o impingers, where, because the mount-
ing mediwm is a liguid. the limit is 2 16-mm objec-
tive. Holmes™ " has used a 4-mm objective to count

- fibres between 34 and 100u. in length. Roach™® vre-

poried using a 2-mm oil immersion objective success-
fully. His conclusion was that the higher the resolving
power of the microscape, the more fibres e seen.
The mean of forty therma! ,)1‘ccipit:to" resalts, in
mppced and ppze. is shown in comparison with ‘..c re-
sltits of other peers in Table T (Linack 7). The
thermal precipizator counts are higher tha n otnc'
the thermal precipitater is effec-
tive only at o sl rate (2 ¢o ‘'min.t and therefore re-
quires a2 leng time 30 minutes or more} to take a
sample considzred reasonable for counting.

It has also Leen suggested that a horizontal elutria-
thermal precipita-

respirable fraction of dust to the collector side. The

‘validity of this elutriator is. however, doubitful when

sampling fibrous dust. as the shape factor becomes

important.
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TABLE I—XNumber of Airborne Parficles —
Disintegrator Plant

: All \‘isiblg Particles

Microscope
Instrunient Objective mppe! ppcc

Ahdget nminger 16 mm 1.1 a8
Membrane Filer 16 mm ¢4 13
{mm ' (X0 21

2 mm 27 77

Thermal Precipiiator 16 mm 28 ag
4 mm 3.5 l.fia

! 2 mm 10.8 382

— 209 740
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-tvpes of membrane filters has

Membrane Filter Techrique

A comprehensive review of the properties of various
been published recent-
lv by the writer™. Fraser™’, in 1953, was probably
the first to apply the membrane filter technique to
the sampling and measurement of dust particles. In
1959, Kruse and Bianconi’™" applied the technigue to
coal dust. The coal particles were made visible under
the microscope vy treating a portion of the filter with
immersion oil having a refractive index of 1.5. It was
established that. by using a flow rate of 0.01 ¢fm and
050x magnification for counting, accurate counts of
as high as 500 mppef could be made. In fifty-three
comparative tests, coal dust concentrations agreed
closely with those obtained using the thermal precipi-
tator but were, on the average, one-third of those
determined by the midget impinger and one-half of
those determined by the konimeter. The detailed tech-
nique for fibre counts was, however, first reported
in 1965 by Aver ef al.”™ and Holmes™' simultanecus-
Jv. The main variations are shown in Table II.

Holmes'™ gave the following formula for the e\al-

vation of the dust sample:
. 2 N 1
Dust conceniralion = =—-= X — X ==, . .....c...... (2.
a- n \ )

D = Dizmeier of the membrenc semnle arca -
d = Di ter of cach field of viz
Vo= faample oc:
N = r of libres counied .
n = nemher of figddz observed

A sh’gx.t nmiodification over Aver et el’s technique
was publizshed by Edwards and Lyneh™ in 1968, The
Ex:;‘;! Hezalth Lalcrators of the Ontarie De-

p rtment of Hea'lth closelr follows the technigue de-
adosnd Lyvnch, Hoeweyer,

e :,'-' o Sevilal
mocmrs"o:‘.s. based on experience and difficulties
encounterad in industry, have been introduced. The
proecesz is described here in detail

Air Sampling

Alr is drawp through 2 S7-mm-diameter cellulose
acetate filter I\Ietrim] GA-6, pore size 0.45u; Gel-
man Inssioment Co.o a flow rate of approximately
25 litres per minute. Thc face of the plastic filter
holder is cut away. permitting air to strike the whale
zrea of the membrane filter. In this way, an equal
distribution of fibres is obtained on the filter. The
thder :’il*er and [m'm. are =hnv'n in Fz'(/urc 3. Fiu-

Q(“N) e on it” - - —_——— mm—— oo

Achestes TFibre Count Mcethed

A micvoscope (American Ontical Cu.d eauipped with:
phase-centrast entics is uzed to count the fibres, The
rragnification is 400, Fiuere 5 shows the microscope,
with the photomicrograph equipment attached.

The filter centaining the fibres is placed on a hard
surface and a wedge-shaped section, representing
abcut one-tenth of the total avea, is cut out with a
vazer Llvde vsee Fiovre 3. The seclion is placed on a
Fless micr.aonpe slide and a few dropz of the solvent
mixture iz .‘dled to cover the entire wedge (Figure
Gh!

The sulvent mixture iz a 1:1 solution of diethyl
oxylate: dimethyl phthalate containing abont 0.1 gram
of the revlirane filter per ml of the above solution,

" 16, Counting Technique:

TABLE II—Comparison of Detailed Technigues
for Fibhre Cournts

Holmes’3?, -
1o “Nilhpore”, Type "HA'™

Averetal.3, !
|
|
' poresize 0.45 = 0.02,

{1y Sampling Mcodium —
“Nillipore™, Type "AA",
poresize 0.8 4

Sampling Head — (2; Aleminum holder with a

Piastic holder containing a 20-mm-diameter filter

37-mm-diameter {ilter with

an op¢n area  approxi-

mately 850 mm-.

(3) Sampling Rate — 2000 | (3, 2COcc/min.
ccmin.

(4) Liquid used for making
the filler transparent — a
mixture of 50 per cent di-
methyl phihalate and 30
per cent diethyl oxylate

Mounting Technique:
A segment was cut from
the filter, placed face upon
a microscope slide. ren-
dercd transparent and a
covership placed on top.

(2

1) A few drops of glycerol
triacetate

(3: The dusl deposited on the
MF surface was fixed by
applving 2 drop of Pers.
pex solution (0.05 per cent
in chlorofcrm) to the
menbrane and evaporati-
ing it quickly by pulling
clean air through. A few
drops of clearing azent fas
mentioncd in (4 placed on

- a clean microscope shde.

. then place the filter on top

- of the clearing agent and

- : cover with a clean 1-in.-

diameter coverslin.

(5;

A d-mm (43-x phase-

contrast objecuive, sup- ' 6 The cleaned samples were
) pc~cc. to have the resolu- ! obzerved at a magnifica-
tion-limit of '3 mucron. A tion of 500x. The sizing
Portone BULY : was carried cut by oo
graucn’. vicd 1o Ge- porzting z “Patterson
l'mc the counting fiv 1d angd - Globe and Circle” grati-
rength - cil: in one of the cve-
g . pieces. The graticule was
coniras ihumination was calibrated against a suit-
used {or 2! counts. Three abie stage micrometer.
mode: of counting were The size ranges counted
used: . were:
(a* couniing 2l fibres
“with length 10 widih ta 3 - 1Cu
ratcs of 3or zreater: ‘b 10 - 2(a
b counting only those tc. 20 — 5C,
fibres lonzer than 5 ° ‘d 30 — 1CCy
mICcrons; |
(¢ counung only those .
fibres longer than 107 -
microns. |
~o~

o A20530

-

The index of refraction of this medium is about 1.3.
The wedge of filter containing the sample dissolves in
about 10 minutes. A faint shadow of the wedge is
visible after dissolution. This shadow is used to line
up firé field on the microscope.

A cover glazs is placed over the sample on the slide
and placed on the microscope stage (see Figere 7)
All fibres greater than 5 microns in the evepiece gra-
ticule (3.000 +° area! are counted. Five different
fields. selected at random, are counted and the resulis

averaged.

Teial fhres > 3 microns per ce nf 2ir =

"

Averace craticule count x 10714 oo
cc of air stmpics ¥ 3LLC »- ¢r 0.0 mm-

Figuere & shews a microphotogranh of a slide seen
through the phase-contrast microscepe at a magnifica-
tion of 100

o
c>

-



To summuarize, the MTF technique has the following
advantages over other dust counting methuds:

(1+ The memUlrane filter has a pore size of 0.45 mi-

cron, which is quite adequate for trapping fibres
in the length range of 5-100 microns. It has also

not effect the results. This enables samples to be
taken over shurt or lung periods, and is quite
convenient as compared to the rather long periods
of at least 30 minutes required with a thermal
precipitator,

been reported ™ that membrane filters can collect  (4) The san:pling head is smail enough for incorpo-
particulztes as small as 0.1x in diameter with ration in a personal sampler to give a more rep-
. practically 100 per cent efficiency. ‘ resentative assessment of the true health hazard
(2) The fibres are collected on the surface and the to which an operator is sub_yscted. A personal
filter can Le examined directly with incident light, samplex _“‘lth a pump and motor \\'hl‘('h can .be
rendered transparent and examined by high-re- carried in a pocl;et and a membrane f_)]ter \\'hlch
solution transmitted-light microscopy: or the par- can be mounted in the lapel of a coat is described
ticles may be transferred to an electron micro- by Hunt and Ellisch™".
scope grid and examined by electron micro- (5) Hand pumps can Le used where electric supply is
scopy™'. The electron microscope gives about four inconvenijent. .
times as high a fibre count as the 4-mm objective () According to Addingley®™, the MF technique is
with phase contrast. of particular value in the estimation of mixed
(3) Higher sampling rates than are possible with dusts containing asbestos, such zs those found
the other ins-truments_can be'used, enabling ]:«}rge in the manufacture of brake linings. The asbestos
volumes of air to be filtered in a reasonable time. component can be distinguished from that of the -
Addingley'™™ reported that a variation in air _ resins and {illers and counted fairly accurately
-2 “sampling rate between 10 c¢c and 500 cc. min. does under the microscope.
r i o T
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y FIGURE 4 — A Close-Up of the FIGURE 5 — Phase-Contrast Micro-

FIGVRE 2
Sampling Technique Used by the Oec-
cupatiunal Health Service of the Cn-
tariv Department of Health,

FIGURE ¢ — A Wedee-Shaped Scction (about 1/10th
of the tatal MTI™ area) Placed on a Microscope Slide.

—  Memtrane Filter

Membrane Filter, with the Asbestos
Sample on it. .\ piece is cut for view-
ing under the microscope (sce teat).

M¥ Sample.

scope, with Photomicrograph Equip-
nient Attached.
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PIGURE 7 — A Cever Glass Placed on the Transgaront



TADLE JlII—XNumber of Airborne ‘Fibres' —
Disintezrator Piant

Length > 5.
Particic length > 3

x wid rh
Microscope )
Instrument Objective i mipcf{ ‘ face
M:dce: Impinger . .. ! 16 mm : 0.11 J i
Membrane Filter ... .. : 16 mm 0.06 2
‘ 4 mm 0.37 13
| 2 mm 0.48 17
Thzrmal Precipitator . : 16 mm ' 0.31 11
: ! 4mm | 054 19
3 2 mm P07 20
Revco Counter. ... ... N — (0.12 4

N.B. mipaf = miilions of {ihres per cubic foot
ipcc = fibres per cubic enun\tc.

alwavs been the laboriotiz and time-consuming assess-

&

mens of the samples under the microscope. It is diffi-
cult 1o eliminate human errors in counting and siz-
irg. ;articles. Fatigue or Loredom probably affects
1hz results. Hence, there is liable to be a rapid turn-
cver cf operators. Lynch and Aver™ compared fibre
COUnts by the impinger and membrane filter. The
ccunts at 430x phuse contrast were eight times those

feind on comparable impirger samples at 100x light

field. In 1967, G. Xnight ¢t al.'*' observed that the
tesal dust counts by the midget impinger were usually
cre ¢uartsr tnese of the thermal precipitator. The fi-

on the other hand. were
cipitator. Roacki™ afta
concluded that,
zse of fibrous dust «Table 111+, the therma! precipi-
tetor had the greatest collecting efficiency. His reas-
orir.g was that the thin fibres were not collected effi-
ciently by the impinger. and in the membrane filter
the” cmm .2t between the {ilters and the mounting
; 1z poor, making them difficult to see. This
d:’.Ale‘._\' was later eliminated by using a phase-cun-
trast microscopz in the membrane filter technique.
-Trus. from the above dircussion,
trzt tke MF technique u‘ing the phase-contrast mi-
(rus;r:;‘a iz the most plau ical developed to date for
Titre dust counting, .

bre conts (f the’ mpn.gex
Pzl these T the thermu! e
cemizaring various instruments,

"ONTROL METHODS

o}
-
oy
—
A

:ze asbestos expnsures are of infinite types
rensities, each problemy must be studied indivi-
v obefere dust control mieasures, reguiring con-
ieralie engineering expevience and ingenuity, can
fez "c' cd or recommended.

oblens.
of varicus dust control methods to
syecific :—:‘ estoz industries are discussed elsewhere in
this peyer. The following are genera] principles sug-
[<gr Phy ovr service to minimize aszbestoz dust ex-

(]) Substitution: The only sure way to prevent
o 23 disessc is net o usze ashbestos. Thus, in all
coextensive efforts should Le made to find sub-
ree numbzr of non-azhestos-containing
Loas rotk waol and glass wooll may be

1.

(CI"" Cutztia e Rogpet 107D

-Or—e'(o'r*m&on diéad\'axitage of all these methods has

in the -

one may conclude

Their control presents’

i : .. — e T e R -

FIGURE 8 — Microphotograph of a Sample Seen Through
the I’hase Contrast Microscope.

used, -Cuxk and expanded polystyrene can be used for
low-temiperature insulation and, as one scientist has
said, “This is the age of synthetic materials, and man
surely can develop a substitute for asbestos which has
all its useful properties without its harmful effects.”

Harries * reported in 1967 that hot and cold water
pipes and ventilation ducts in naval ships can very
effectively be insulated with glass fibre cloth, felt
canvas or polvurethane insulation rather than with
ashestos cloth. Sound-insulating askestos boards were
replacec‘ by those made of glass fibre and this mate-
rial aizo had taken the place of sprayed asbestos as
an envirenmental insolation for steel deckheads and
bulkheads.

In those niaces where immediate substitutes cannot
be found te.g. machines subjected to long pegiods of
intense Hea: vibratien and mechanizal trauma), an
attempt shouid be made to use asbestos cloth treated

with a dust suppressant or coated with an imper-
meabhle plastic film.
(2) Segregation: It is possible. with suitalle

planning, to arrange that work producing high con-
centrations of asbestos dust bz dene in isolaticn. This
reduces the exposure of ‘neighbsurhood workers’ to a
minimuon. This is especially useful in the case of
asbestos sprayving operations, where the chances of
contaminating adjacent areas are considered to be
maxiniuam. A study’*" has shown that the dust counts
15 to 30 feet from the spraying operation were found
to range from 5 to 10 times the TLV.
TivAsbestos worker” and “neighbourhiood werker”
should be clearly defined. *“Aszbestos worker” is a man
directly -employed using ashestos materials continu-
otisly or frequently. *Neighbourknod workers™ are
these who work in close proximity to the former with-
out -being directly involved with the usc of asbestos.
"One such case in which both substitution and se-
grezation could have Leen effectively uszed was inves-
tigated by the writer last summer 19691, The case
history is published in the March, 1070 issue of Oceu-
pationnl Healtl in Owntario. Humidifier plates for usc
in demestic boilers were being weade from blue as-
bestez tcrecidoliter, The areaw where tre crocidalite
was being used was located in toe eaxt end of a zafe-
terin. The cafeteria. which had = coffee machine, &
cigerette machine and a coke machine, was used esily
by ab:vt 16 persons. The floor and the machines in
the ar2c were found (o be covered with blue fibres

o5l



“ Fen'the company was asked to find a substitute,
they said that. after 18 months of research, they had
fou nd erocidolite to be best suited for making humxd-
ifier plales. However, the company agreed to provide
ad,_—.qur.tc dust control measures mcmdmg segregation
uf thie area.

(3) Dust Suppression: This includes such meth-
ads as enclosure of the process, as far as is possible,
inctzllation of adequate and effective local exhaust
ventilation, automation of the process and wet pro-
cessing. In some cases, materizls containing or made
from asbestos are impregnated with dust-binding
zgonts. This helps reduce the dissemination of dust
to a considerable degree. .

As a rule, it is not enough to take only one of the
sbove steps. It is necessary often to apply two or more
in combination; for example. wet processing and dust
extracting (Jocal exhaust). Our experience is that the
pruper enclosure of the process and the provision of a
dust extracting svstem at the enclosure makes a real

contribution_to the control of the airborne dust, How-

ever, TWG things we m\almblr notice in dtbectc~-u<mg
industries are:

" (a)The dust contro] systems are seldom maintained
in geod operating condition. In most cases, they are
nevel checked after installation. The design and main-
tenance of dust control systems is so complex that
this review can ¢o.nc better than refer to the many
texts which adequately cover the subject 270,

(b The operators are not instructed to use du<t
exhuust systems properly; e.g. turning on the fan
before the start of a process er adjusting the damper
to ensure adequate exhaust cayacity.

One other p‘ownm we ofien ave fPLe( with in the
rduvsry ik i : ot Lo ecireniate
the air exhav \tn" flun. any 1“(6\\ using asbestos or
other toxic material. The obvicus disadvantage of re-
circaletion is & continucus exposure of fine dust to the
workers in the plant. The ludwstrial Safcty Act of the
Oniwrio Department of Labour «Section 207 requires
that all the air exhausted from any process using sili-
a, usbe\c: 2nd cther toxic material be exhausted to
atmosphere. The main argument against this is the
tremendous cost of providing heated make-up air in
winter,

In 1963, Hilis*" reported that. for 1.000,000 cu.ft
of &ir per minute. the running ccsts ¢f the dust-ex-

tragtion system, including electric pover, labour, piant

derceciation and other overhead charges und the extra

he-tine cost Lecause the filtered air cannot be recir-

- - e .
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culated. come to about ¥250,000 a vear. This figure
could go very high in the case of asbestos mines and
mills. many of which are lozated in northern climates,
where the winter is long and very cold.

We huve, hewever, from time to time permitied the

recirculation of air from the dust-collecting systems

if the following reguirements were complied with:

(A} An acceptable monitoring device should be
placed in the return air stream to continuously meas-
ure the dust concentration. The device should be fit-
ted with an zlarm system to sound when the dust
count exceeds 1 mppef (half the proposed TLY ). Here
again there are many difficulties, which include the
absence of standardization in various counting meth-
ods and an ignorance of what amount of asbestos dust,
if any, is safe. It is. however, hoped that by main-
taining the concentration at half the proposed TLYV,
a safe environment can be attained.

(B) The monitering device should be calibrated at
least once a month when operating agam ta standard
dust- countmg technique. : -

(CY The monitering device should be checked at
least once a day when operating.

(D) A dust-counting survey should be carried out
by the company semi-annually, with a copy of the
survey results submitted to this Branch.

(E) The coilector system should be equipped with
a damper so that air can be directed outside during
warm weather or when the alarm sounds.

(F) The collector system, monitoring equipment,
calibration equipment and calibration test results may
be available for inspection by 2 miember of this Branch
or the Depariment of Labour at any time.

Dust s prre:zioy vecomes a special problem for
ashestos nuilling. It 1s a dry process and is therefore
«n extremely cuxty operation. Tne condition is fur-
ther aggravaterl by the leakage in conveyors and
screens, spillage from the belts and improper enclo-
sure of the mza<hines. The successful control methods
are: (1) complete enclosure of the dust-producing
machine (Fiyerc 9 shows a Hzzemag crusher with
proper enclosurer: or (2v adequate suction within
the enclosure to prevent escape through openings.

Fligurc 10 shows the bagging machines in a mill
We have alwavs faund dust counts at these machines
to be very hizh. In one case, compressed air was be-
ing used to clean thz bagging platform. This stirred
up a consideralie amoeunt of dust in the air. The dust -
counts during the ULlowing operation were too high
to count. The ¢bvious solutions te this problem were:
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(17 sir-tight attachment of the bags to the machine;- sure to Asbestos Dust” Arch. Indust. Hyg. Occu,.

: et )oane .t . an- Med., Vol. 10, pp. 30-36.
.(2' the use 01:_ su.ctlon l‘d.‘]'el t}‘.'al_ltjblllo\\.)ng for clle":: (9) Vorw -ald, A. J., Durkar, T. M., and Pratt, P. C.,
ing the platform; and (3) the_“l= allation of a dust- “Experimental  Studies of Asbestosis,” Arch. Jn-
_extracting syvstem at the machine to remove any spill dusti. Hyg. Occrp. Med., 3: 1-33. 1051,

ibre when the bag is detached from the machine. (10) Buckup. H., “As sbestosis”™,  Die Berufsycnossca-
of fibre when the bag is : om schast, Dielefeld, Germany (ch. Rep.), No. 7, pp.

(4) Personal Protection: In places wherec ma- 255-261, July, 1’00“
chines and processes cannot be provided with effec- (11 C\;;t:l’;fh‘:”’]g“cgmo sslg‘;‘: ’gbie::::““f'ﬂh°fk'~g§ 8:‘}
tive enclosures and adequate Jocal mechanical ex- Made during Work on Coal Miners' Pneumoconiosis.”
hausts, respiratory protection for each worker be- An’nuls of the N (’9116 York Acadcmy of Sciences, Vol.
comes un absolute necessity (e.g., dockvard workers 132, PP 64-7G, 1965.
engaged in the loading and unloading of asbestos (12) x?.;:’c]: : paﬁ,e,""},d,eﬂgfld Hat t‘;\.:beqt\(;t]:ca\‘;?n?fa!\];:
bags:. Adequate Tesl?il'atOl’." l-'l'OtGCﬁOTf iT_l the case nual Meceting of the American Roenigen Ray Soci-
of asbestos involves either the use of air-line breath- ety, San Francisco, Cahfoxma Septombel 1966.

ing apparatus or approved respirators*’. It should, - (13) Holt, P. F., Mills, J., and Young, D. K., “Experi-

ey s e mental Asbestosis With Four Types of 'Fibres —
however, be realized that the provision of approved Importance of Small Particles,” Annols of the New

respirators and their proper use by th? operators are York Acadeny of Scienccs, Volume 132, Art. 1, pp.
two different things. Unless an effective program of 7-97.

- . vorkers in regar s of as- (14) Thompson, J. G., Path, C., and Graves, W. ),
-educating the workers in regard to the dangers o Jr R bestos As An Uxban Air Contaminant. 3

bestos is carri‘ed out, fthe personal protection devices will Aveh. Path., 81: pp. 458-364, 19GG.

rot be effective. It is also necessary that, after each  (i5) Gross, P., deTreville, R. T. P.. Tolker, E. B., Kas-

use, the respirators be cleaned, maintained and stored chak, M and Babyk, M. A., “Experimental Asbes-

in—a-relatively dust-free place to avoid any contamin- tg;;’er-‘il;fsl‘ Euv. Health, Vol. 15, pp. 343-333, Sep-

1 i

-ation™ (16) Stokinger, H. E., Standaxda'for Safeguarding the

L (3) Good Housekeeping: This includes cleaning f’fal’”}lgfw‘,“d“ strial Worker,” Pub. Health Repts.,

.of the floor and machines regularly and thoroughly. (17) Dresse, W. C., Dallavalle, J. M. Edwards. T. I,

“To aveid stirring up dust during cleaning, the dust %_Ii}ler,\f. F\\'., A‘Sas_verds, Rf Al?..{ Easom, P{.h F;\ alnd,
bt either Sy . . - or 1 - - rice, M. F., © tudy of Astestosis in the Asles.

must either be .d‘m}pened “lt’h \\‘atel o1 .lemo\ed- by tos Textile Industry.,” Pub. Health Bull. No. 241,

‘means of a central vacuum cleaner. On our suggestion, Washington. D.C., 1938.

‘a few companies have successfully used their central (13 Leathart, G. I., and Sanderson, J. T., “Some Ob-
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Farth Sciznce

Ottawa, Ontario. Canada,
February 22.24, 1971

AN EarTi SC.ENcr SyNPOsIUM
ON  Orrsiiobtr EASTEEN  CANADA
will be neld in Camsell Hall, 588
Booth Street, Department of Ener-
gy, Mines and Reaznurces, Ottawa
on February 22-24, 1971. The
Chairman of the Progzram Commit-
tee is Dn. PrETER Hond, Room 573,
Geological Survey of Canada, O:-
tawa 4, Ontario, Canada.

The main objective of the Sym-
pesium is to sumimarize the present
knowledge of the continental

Symposiuin on Sta

Yancouver, Lvili\h Columbia,
November 23.25, 1970

A PracTICAL SYMPOSIUM ON STa-
EILITY IN OPeXN-PIT MINING will be
held at the Bayshore Inn in Van-
couver, B.C. November 23-25, 1670,
This symposium, part of the cou-
tinving cducation program for en-
gineers ygiven at The University of
British  Columbia, has been ar-
ranged by oan cd hoc committee
representing not only the Univer-
sity but zlso the Vancouver Dranch
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shelves and slopes of easteu Can-
ada so that emphasis will be on re-
sults rather than on technigques.
although uescriptions of new tech-
nigues will be encouraged. Areas to
be discussed are the Bay of Fundy,
Scotian Shelf, Gul{f of St. Law-
rence, Grand Banks., Flemish Cap.
Labrador Sea, Ungava Bay, Foxe
Basin, Baffin Bay and Greenland
Shelf. The topics will include Sur-
ficial Geology, Geochemistry, Neje-
titive-Source  Seismic,  Bedrock
Geology and Tectonics, Seismic Ile-
flection and FRefraction, Gravity,
Magnetics, Maguetozellurics, Crus-.
tal Seismic, Heat Flow, Continental

bility in Open-Pit Mining

of The Cunadian Institute of Min-
ing and Metaliurgy and the Van-
couver Branch of the Engineering
Institute of Canada.

The Sympo=ium lectures will be
directed toward mining executives,
managers, operating engineers, and
Planning and design persornel. As
the majority of these perple have
been out of university for many

vears and have largely lost contact

with theory and colieye mathema-
tics. the emphasiz of the Simpo-
stum will be on the practici] as-

rore Eastern Canada

Drift, and Offshore Drilling.

Papars ave invited fur this sym-
positm. Abstracts should be sub-
nitted befove Noveniber 1, 1970,
A number of papers have zlready
been offered, mainly by govern-
ment agencies and the universities,
znd there has been some response
from industry. It is recognized
that the symposium will be a great-
er success by widespread industry
pariicipation. It is therefore urged
that individual: and representu-
tives of exploration companies in-
dicate to Dr. Head their degree of
interest.

pects of stability and szurface min-
ing.

Speakers at the Symposium will
include Drs. D. Deere. E. Huoek, N.
Morgenstern, A. Bauer, R. Whit-
man. D. Pentz, H. Q. Golder, D.
Coates and L. Casagrande, .\Ix. R.
Stewart and Mr. C. O. Drawner.

The cost of Symposium registra-
tion will be approximately $100.
For more infermation. please con-
tict Enginecring Programs, F.xten-
sion Dept., The University of Drit-
i<h Celumbiz, Yoencuomer 8 D.C.



