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TIIE DETERMINATION AND CONTROL OF
WODUSTRIAL DUST

PREFACE

In recent yaurs, the subjeet of the health of workers in dusty trades
has been receiving considerable attention from students of industrial
hesirne and others interested in the various phases of this problem.
When one realizes that the workmen employed in the-dusty trades
romprise tho largest group exposed to any onc industrial hazard, it is
quite apparent that the importance of this problem hns not been
overvstimated.  Furthermnore, it is now well ¢stablished that exposure
to ccrtain kinds of dusts, such s those containing econsiderabls
umounts of quurtz, has increased the morbidity and mortality mate
from respiratory disesses; while matallic dusts, such as lead and its
compounds, have been associated with general systemic poisoning of
waorkers, )

" In view of the fact that certain kinds of dusts have been known to
produce definite damage to the workers exposed to them, it is obvious
that a knowledge of the properties of a given dust, which determines
i's cupanity to produce injurious efincts, is exsential. Experience has
sbown that these properties are the composition of the dust, the
gusntity suspended in the industrial atmosphiere, and its particle size.

In order to study all these factors involved in the industrial dust
problem, it ix necessary to conduct carcful investizations, Such
stndies in industry serve a three-fold purpose.  First, they enzblo one
to evaluate the extent of the huzard; this is accomplished by ebtaining

oecupational dust ctposures;, which disclose the dust-creating tasks, -

Seeondd, if clinieal studices are also made, dust counts may indicate the
permissible amount of dust which niay -be breathed with inipunity.
Thirdl, dust determinations are used in an attempt to control the
hazand; this s effected by tusting the efficieney of such devices which
huve been develuped for this purpese. ™

The purposs of the prezent bulletin is to present tho methods and
instruments used in conducting dust studies in industry, the manner
£ uf interpreting tho results of such studics, aued their practical applica-
tion to jndustrinl -problemns, especially those phases dealing with the
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contrul of the dust hazard, The materdal in this bulletin is based
Jurgely on the pinetical exporienee gained by the authors in engineering
stiddien of the dust problem in numercus industries in thoe Unitd
States. 1t is their sinerre hope that this little volume will serve asa
guide to eu--im-om, chemists, and others intensted in thoso studics
designed to minumize the lwzard ns»ocmtcd with the inlmlation of
certuin types of dusta.
J.J.B.

J. M. D.
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in lhia bulletin is based
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Industries in the United
ile volume will =reve asn
torested In these stisfivs
d with the inlwlation of

1. PRELTAIINARY STEPS: TITE SANITARY AND OCCUrATIONAL
stnRvey?

In the study of industrind hienlth problenis it is necesaary to accumu-

J.J. 7. A X . . .
3 M 1]) \ Into vertois: funudarential datn which juay serve in the interpretation
e of theso problems on a scientific basis.  One outstanding examplo of

such studics hs been the investigations conducted in connection with
the iofluence of the inhalation of atmoespheric dust on the health of
workers in indusirial enviconments.  In all such investigations there
are certain preliminary steps of fundumental importance which must
be undertaken in order to serve as a guide in the more detuiled studies
to follow. Roughly, these preliminary steps may be divided into
two parts, (1) the senitary survey, and (2) the vceupationnl snalysis,

TILE BANITARY BURVEY

'jivlilln-ri;")

The sanitary survey of the workroom envirommnent may be likened
to the inventory of materials and stock which a business establish-
metit usually undergoes annually.  The sanitary survey may well be
. ) regarded as o listing ol the facilities afforded the workers while in the
{ ’ oo industrinl cavironment. When one realizes that one-third of the © :

. worker’s day i spent in this environment, one clearly sees the neces- )
sity for a study of all thuse facturs which bear on the hicalth of the
industrial worker., :
) In the course of certain studies conducted in munition plants during | 3
) _ the lnst war, Winslow.and Greenburg devised an fuspeetinn form which vt
proved very useful in their studics of fuelory workrouoms. (1) This S,
' form has been utilized in numervus investizations in industrial cstab- e
lishments thrunghout the United States, and it has been found in Hem | S
nearly all instances that the filling out of this form has proved a
valuable guido and starting point in the study of the workroom
envirooment  Under items 1 to 4 provision has been mndo to
record general sanitary and hygienic data coucerned chiefly with the
- . workrooms. Under numbers 5 to 11 are noted those industrial
hazaids created more partienlardy by special procestes and materials
- eed i these prcesses. 1iem 12 of the inspeetion eard denls mainly
< with the oceupational analysis nnd will ho dircussed in more detail i in .

~the sevtion of this chapter dvnhn-' with this subject.
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In practice, the sanitary survey consists in earcfully filling out the
inspection form and jotting down any additional notes on items which
may not be provided for in the survey form. Under certain condi-
tiona, such as may exist in a coal'mine, or a cement mill, somo of the
items listed in tho card may obviously be omitted. After filling out

-arurvey card {or each workroom in the entire pl:mt n detailed analysis
2 of the datn contnined in tho eards is then in order. 1t is such aa
= nnal_\'su that enables ono to form a plcturc of the hywicnic conditions

in each of the workrvoms studicd and in the plant as a whole.

One or two illustrations of an anzlysis of dats obtained in a sanitary
survey of a plant will suflice to clurify the technic involved in such AIL I
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analysis. . Reforenre 1o the survey eard shows that under item 1, the
sizie of cach workronm is obtained aud that under itesn 12 the work-
rootu population at full pruluction is also recorded.  In the cnmple
gn'ou below a survey of 50 workrooms was completed and the foliow-

ing table llusteutes Tow the data on space allotment was handied:

Taung 1.—)J:’a.'r:"1mh‘-m of workroums according lo per capiis space ellotment

.\"w:ﬂwt i{ . " Nuniber
Squate feet Bur area per eapdtas. | Gafentied |l Cubic kst poz cupita of ranas
. crout ! R
. 1]
T thnne 25, 3 ) Ve than 200, \ 2
ot b 13- T T 3
=11y}, 13 { po-dvn,, n
o374 2 || 1anves i B
DA ) ¥ [| LiomRan, ?
Nure thal 200, 2 | Nlore thaa 2.5 3

According to the Tentative Code of the United States Public Health
Service on Workroom Sanitation, 25 zquare feet of floor area per
eapita, or 230 cubic fort of air space per capita, may be considered
as o fairly amnple spaee allotment.  In the light of the abovo standards
the data indieated in table 1 show that 3, or 6 percent, of the rooms
did not {ulfill tise requirement for area allotment and that 4 percent
of the rooms did not meet the standard for per capita cubic content.
Similar analyecs way be carried out for the other items listed in the
survey form. Do

Several years ugo, in studyiaz the dust hazard in & modern factory,
it was considered best to conduct a sanitary survey of the numerons
workroums in this factory, in order to be abls to lacate the dusty
workrooms and processes, and to plan the dust sampling schedules
intelligently.  As a result of such a umitnry survey numerous safety
hazanls were encountered in the various workrooms and in addition

a lrad and benzol hazard (unknown to the plant officials) were also

dizelosed,
To recapitulate, the sanitary survey of workrooms in any plant

yiclds definite juformation coneerning the presence and extent of
various health hazards and often serves as a guido in establishing
-which hazards require further study in the form-of actual quantita-
= tive analyses; such, for esample, as the determination of Liydrogen
= m.lpludn\ in the spinuine reom of a rayon silk manufacturing plant
using the viscose process.  Unquestionably, many problems” arize in
mdmtr\' for which there are no simple solntions, * Others require
esciderable expenditure ol funds and ingenuity for their complete
eradieation.” On the other haad, o xanitary rurvey of a factory will
often diselon many smwll problems which require very little ex-
pemlitire of soney and effort for their elimination.  Tho solution
of sueh snll pmblum-t muy climinate »ources of ill health or wn-
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pleasantness o the industrinl worker, so that the worker and, in
the end, the plant managemont are thoss to benelit.,

h . T - OCCUPATIONAL SURYVEY

A very important part of uny study of workroom environment is
the occupational snalysis, whichh permits one to Jearn of the activie ~
ties involved and the particular hazanls associated with each occu-
pation. Such an analysis also disclozes the number of persons in
cach ocenpation, which gives one an idea of the importance of cach
hazard from the viewpoint of the numbers juvolved. Perhups a
typical example of such an analysis will serve to portray the value
of tho occupational survey. For the sake of simplicity an analysis
of workrooms in which ouly one major hazand was found to exist’
is herewith presented, namely, the occupations involved in grunite-
cuiting plants. The table below shows the various occupalions
followed in 14 typical graunite-cutting plants (2).
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There are several important facts to bo derived from a study {
the occupations in gmunite-cutting plantz, such .as.in the analysiz .
presented in the above table. Fimst, the procexaes involved in
~ . granito stone-cutling may be divided roughly into two parts, namely,
" those occupations dealing with the actoal cutting of the stone and
the additional Jabor necewanry for the conduct of the former proc-
esans, Lxamination of table 2 shows thut under the heading of
granite cutlers there are five goneral occupations.. Also by far the
greatest number of persons are enguged in tasks involving the pro-
duction of dust. Yurthermore, that 565 of the 702 persons creating
dust are engagel in work involving the use of the hand pneumatic
tool, & deviee well-known to be pruduc-tn'o of cnormous quantities
‘of dust. 1t i1 at onew obvious from such an anulysis that cunsider-
able time should he devoted to the study of the dust exposure of
granile cutiers in geneenl and of hand poecumatic-tool workers in
particular. The resulis of sueh o study-uare presented in table 3.
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Tanry: J—=llanl ing the rarivus veenjritionn in the granihcotting indualry acerding
0 theie dust oxpomure

.t .
- . . Treod enant Cin il of
- . Nutther | Numhoy | 105U¥En 196 sulda st}
M environment 13 Oconetion ol e | of whwere
ieara of the uctivi- - - s } 3t | Mk | Mk | e
~d with each aceu- - :
mber of persons in A sty huml-tuad opventiss . s = 2¢{ .20 s
mmpartance ol cach i B 4 T 4 B P
volved, Perhags u e L emetsmenimessseveest SRE-1 NER 1 IR+ N1 B3
» portray the vulie IR oty I B { N+ N1 I -
aplicity an unalysis Bl i - I s 3 =
was found to exit T T B B I =
fnvolved du granite- ffrobetyariocos i . Ll T b -
various occupations -
As n result of a prolonzed study of the health of the workoers engaged i
Remculting shele in the various occupations of granite-cutling, it was possible to
demonsirate that those persons enguaed for wmany years in tasks -
nton Notaler pssocinted with r dust exposure of Jeas than 10 millien particles per s
' eub’s foot of nir' were nat sulfering from silicosis or tubereulosis, the y
discases most prevalent among these granito cuttors, It was also e
T possible to demonstrate that mmong theso granifo cutters, theineidenee -
I of silicosis und tubereulouis, all other factors being equal, was dircetly d
proportionsd to the degree of dust exposure, =
The importance of an occupational analysis from the viewpoint of )
dotermining the extent of an oceupational hazard is at onee obvioua. -
Such an analysis is of still greater importance in the snbsequent | —
sieps necessary for 1ho elimination of a condition known to be inimical o)
to health, Unless one knows definitely which ocenpations in a = .

'ved from a study of
iv o= in the analysis
rocexees involved in
10 two parts, namely,
iing of the stovne and
¢t of the former proe-
mder tho heading of
ans, Alio by far the
-ks involving the pro-
& Y02 prrvons ceeating
{ the hand pneumatic
{ enormous quantities
snalysis that consider-

the dust exposure of
amativetool workers in

workroom, confaining many diverse pmm-n and activities, are
associated with unhealthiul conditions, it is impossible to map out a
constructive and eflective progrun of prevention. We have just
scan that in the ease of the granite-cutting study the problem resolves
itxelf to keoping the dust eontent of the workroom air below the level
of that associated with those vecupations found to be free from
silicosis and tubereulosir, aven after many years of indnstrial exposuro;
uamely, those occupations exposed to less than 10 illion particles of
dust per cubic foot of air. 'The same technic may bo applied to
other industrind problenis, which on first examination seem more
dilirult_of solution than the ease just cited. Perhiaps another singlo
illistrution will demonstmto the valuo of the oceupational annlysis
m o guide in thoe elimination of industriul health hazards,

Stndies of industrial morbidity muule by the United States Public
Health Servico indicafo that the greatest percentage of list time in

Lt b LN )

senfisl in table 3. . .
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industry is enuasd by respiratory discases. Ono of theso studies
showed that pnowmnonia, in all forms, eceurred in nearly twico the
amount among iron and steel workers as it did among the employens
of other indusirics, during o 3-year period of obzervation (3). A
- S-year inquiry into the causes of high pneuwmonia sickness rates among
iron and steel worlkors in & reprosentative mill disclosed the Inet that
the largest number of pneumonia cases occurred in cortain depart-
ments, such 0a in tho blast furnace and open-hearth steel-mnaking
plants. © When one realizes, howaver, that thess departments contuin
anywhere frorm 60 o 100 different occupations, the task of o pro-
ventive prosToin Ls a hopeless ono unless definite information is
obteincd concerning such important factors as (1) tho number of
porsons in cach occupation, (2) the activities associatod with each
“occupation, (3) the health hazards nssccinted with cach occupation,
and (4) the incidence of penumonia for each occupation. Such data
are available from an occupationnl analysis of coch departinent,
For examnple, iu the iron and steel plant under consideration mor-
bidity statistica for the peried of 1024-27, showed that 338 casos of
pneumonia occurred among the 1,637 bitumninous coal miners eme
ployed during the samo period in the mines operated in cobnection
with this iron and sicel plant. An occupations] analysis disclosed
tho fact that there were 69 different occupations in the mines and
that 33 of the total of 3S pncumonia cascs were associated with only
two occupations—tliose of pick mining and loading of coal. The
pneumonia rate per 1,000 men for miners end loaders was shown, by
this study, to bo 31, whorrns the rate for all other mine workcrs wase
found (o be only 8.5. It is quite obvious, thereforo, that of the
69 occupations involved in the mining of coal, oue’s attention should
be concentrated on the aptivities of coal miners and loaders, in an
attempt to determine those factors in the industrisl process and
environment which contribute to the high pneumwonis incidence
experienced by those workers,
In practice the making of an occupational analysis has for its basis
-the filling out of item 12 of the survey form proviously mentioned.
The duta obtained cover such subjects as the manufecturing proceas,

tho raw materials entering into the process, and tho finished product (. W p)
. — }
i S

associsted with the ocenpation of cach employee. To obtain such
data it is necessary for the’ invesligator to become thoroughly
familiar with the activities of cach occupation and the processes of the
workrootn as 2 whole. One muust not tuke anything for granted in a
study of this sort. For example, in u study of tho hnzards involved
in the applicntion of rudium paind to watch and clock dials in a certain
workruom (4), one ol the employees listed was the foreman supervis-
ing the work of the mufium dial paiuters. Tpon elose study it was
discovered that this worker, in addition to allotting and supervising

i
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the work of cach puinter, spent 1 hour a day in mixing paint for all
the dinl paiaters and onco a month blended varions radium powders
in such & manner that he was exposed to the inhalation of enormous
guantities of radivactive dust. Thix luiter briol exposure to radio-
active dust was of fur more significanee from tha viewpoint of radium
poisoning than his total cxposure during his supervisory dutics.

Ti:c remumining subjocts Jisted under item 12 of 1the survey form arn

all of & simple nature, but are often of assistance ju presenting a com«
plete picture of the workroom cnviromment, and at times serve to
rxplsin certain wrmsual phenomensz. Take fur examplo the subject
of labor turn-over. In n certain lead storage baltery factory the
plant officials pointed to the small number of lead poisoning cases
occurring in their plant (o show that this disease was not an important
prolilem in their workrooms (3). luvestigation of the workroom
atmosphero disclosed that in the lead-mixing und pasting rooms of
this plant. enormous quantitics of lead dust were present, quantitics
rufficient to produen Jead poisoning in a comparntively brief period of
‘exposure, as judgzed by our present kaowledge of lead poisoning.
Furtlher ingquiries rovealed thoe fuet that the lubor tum-over in these
two workrooms was very great, in fact, so great that the men left
craploymeat belore real serious symptoms of lend poisoning manilested
themselves.  The presenes of a high labor turn-overin times of normal
produeiion is often highly sugmestive of unhealth{ul or unpleasant
working vonditions.

The remnin.ing subjects under the item dealing with employees,
need no further comment, since their purpose will be quite obvious
to tho average iuvestizutor. It is often very helpful to obtain a
sketch or bluepriut of the workroom layout, on which may be noted
such important items as the location of ventilating systems, points of
sampling, and any other data bearing ou the pmblcm under study,
Theso data may then be used in the rulmqucnb gteps of an investiga~
tion of this type, namely, the recoinnendations necessary to eradicato
_reriain unhealthiul or unplcusant. conditions which tho study may bave

disclosed,
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1. THE INSTRUMENTS AND MELTHODS USED IN TIE SAMPLING OF
ATMOSLPMNERIC INDUSTIIAL DUSTS

GENERAL CONSIDERATIONS

Atmospheric dust may be definied either on a basis of one of its
physical characteristics, such as size, or phiysiological grounds, depo!-
ing on tho cffects prodieed on the htuua body by the inhalation of
the dust. Drinker and Thomson (G), in their elussification of dusts,
fumes, and smoke, Linve defined dusts as “particles or agrregates of
particles, 150 to 1 inicron in diameter, {hat are thrown into the air
by mechanical ngencies * * *  Examples are silica, tale, cement,
organic dusts such as hard rubber, starch, aud cocona;floceulated fuine
and smol-c products.” Ta tho present volume dusts will be interproted
as purticles or aggregates of particles suspended in the atmosphere
end of a size capuble of being inhaled (in industry this size is wiaally

~ less than 10 nicrons in diameter), and will be considercd iz two

classes, namely, those which may be eapable of producing fibrosis of

the lungs or other respirntory conditions, and dusts which may cause

systomnic poisaning, as typificd by certain compounds of lend. .

_ Since our interest in tho dust problem has a purcly industrial

\ aspeet, it is essentiul that any dust-sumpling instrement which ono
will s should be capalile of collecting cifcetively dust of a size
present in the industrinl atmosphere. As' will be shown later,
industrial dusts are mnainly from 0.5 to 10 microns in size, so that an
instrumnerrt enpable of colleeting these sizes with o faidy high degree
of cfficicney will meet the present-day requirements.  The range in
dust concontmtions encountered in industries is very great, depend-
o e ing, of cuurse, on tho industrial processes,. tho devices installed for
T T 2 . mitigating tho dust created, and the efficiency with which such’
dovices function. For these reasons, an ideal inztrument should be
one capable of sampling with oqual efliciency in both high- and low-
dust concentrations, This factor calls for the prerequisite of a dusi-
collecting medium which shall not add dust to any great degreo (o
the dust in the sampled air. Furthermore, the collecting medium
must be uniforin in dust content, so that onc or two control tests on
this Taedimn will be suflicient for o series of samples.

Sinco the dust content of industriul air is ever varying, it is casen-
tial that the dust-sampling instrument bo capable of eollecting air in
Lurge quentitics ot o mpid rate in order to obtain a representative
picture of existing conditions,  And, finally, the ideal instrument will
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be one that requices only a simple and fuirly mpid methad of analysis,
Suflice it to say that an instrument de-.l--uml for use in the field
shonld cntwnly all these principles and in addition be lizht ia woight,
portable s compact in construction.

To recupitulate, the final selection of a dust-mmphnw instrunent
for industrial use will depend on the colleeting cfficiency of the device,
on its small errors in analysiz, on its portability and an the caso with
which a snmpla otico obtained may be analyzed.

Many methods have been devised and used for tho purposc of
determining the quantity of dust in air. * Xnowles (7) lists some 53
different instrumcents developed and used for this purpose at one
time or another, Because most of these inatruments have proved
impr-w!ir.\l und aro no lnngur in use, no discussion eoncerning themn
will be given. The reader is referred (o an excellent review of ihis
subject b\ Dr. Leonard Greenburg (8). Howover, it may be of some
interest to review, bricily, the history of the development and use of
some of the dust sampling instruments in voguo today.

MSTORY OF IFRESENT DAY DUST SAMPLING IXSTRUMENTS

The South Alrican investizutors began using the sugar tube method
for the sampling of ntmaspheric dust in 1511 (9), and Lanza and
Uigring in their Joplin study also availed themselves of tho same
technique (10). 1n fuct, no other suitable method was then avail-
ablo. In 1012 the Cmmmttcc on Standurd Methods for the Exami-
nation of Air of the American Public llenlth Association recoiamended
tho sugar tubo as the standard method for the sampling of atmos.
pheric dlbt

This method of dust sunpling had soveral drawharks, tho chiel of
which were itz slow sampling rate (the.American ublic ITenlth
Asweintion Commiittes sampled 3 cubic fect in 18 minutes) and the

fact that tho sugar alwuys contained a certain quantity of dust which
" introduced a varisble, and somectimes considerably dout.bful element

into the final results,
To overcome the limitations of the sugar-tuhe mothod, various

. investimators attemptoed to dovise other procedures for the sampling

und uunlyisis of atmospheric dust. Ono of the mast fruitful studies
was that of Palmer (11), who in 1916 presented his water-spray
apparntus for sampling dust. This method was adopted in 1017
by the Committee on Standand Methods of the American Public

:;u_llmlth Association andiwas reeommended a2 the standord techniquo
e the sampling of dust in air.  The Ubnited States Public Tlealth

Ht-n-m' bewsan employing tlns appamtus in 1918 in its studies of dust
in nir,

In 1916 the South \frmm mvc-ahvntoz's, dmmus of obtaining a
more portable type of instrument and one which would yicld rc-mll.s
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more rapidly, described a new instrument known as the Kotzé
Lkonimeter (12), In this matrunwnt. & small volume of air, approxi-
mately 10 cubic centimeters, is impinged at a Ligh velocity (30 to
80 meters per seeond) against the surface of & vasclinecoated glass
plate, the vascline serving to retain the particles of dust after they
strike the plate. Tho plate iz then removed and placed undér the
. microscope, the adherent dust being counted ot o suitablo magnifi-
eation. The United States Dureau of Mines, which had been using
the sugar-tube method for dust sampling, bemun at once to st.udy
the performance of this new instrument. '
1n 1922, tho instruments mentioned were the ones in most common
use. In addition, however, the United States Bureau of Chemistry
(13), in ils dust~explosion work, employved an apparatus which eon-
sisted cssontinlly of an adapter for holding 2 Whatman filter paper
thimble through which sir wus drawn hy a suction pump, thus
sampling tho atmospheric dust. By the dilference in weight of the
paper thimble befors and after dust sampling, the weight of the
dust was easily determinal. Finally, mention should be made of
the Anderson and Armspach (14) dust determinator which, in 1972,
was io uso by the American Saciety of Henting snd Ventilating Enyi-
neers, This instrument measured the loss of pressure incident to
forcing air through a picee of filter paper; this rate of loss of pressure
was then reganded as @ measure of the air dustiness. o)
Very briclly, such was the status of the technique of atmosphcnc-—-n Loy
dust sampling in the year 1922, when it became apparent that the
various dust-sampling methods did not yield results which could bed—
rrgnrdcd as “absvlute or even commrnble. In fact, gampling in a -~ -
given industry, by different methods, usually gave findings which were " L
not of the same order of magnitude. As a result, 8 conference of -
. ’ interested persons was held at the United States Bureaun of Mms
- Experiment Station, Pittsburgh, Pa., in 1022, It was decided at ‘=
. . . thattime to conduct a Jabortory study of dust-s..mplm,-;mstrumcnts. -
I The study wns started in the summer of 1922 at the Vittsburgh
Experiment Station. Su*pcusions of dust -(five dilferent powdered - C
substauces wers used) were set up in au air-tight chawber and simul- <

T

tancous samplings wers carried out at first with the sugar tube, the — "
Palmier apparalus, tho koniweter, the filter-paper thimble, and the e )
: . dust determinator. R -
. During the course of the study a new instrument, the impinger, for ¢ ¢
. tho sampling of dust was devised. *This new instrument was included =2 22

[ ]
iy

in tho later atages of the laborutory stndy of dust-sampling instru-
ments deseribed in tho report published as Publie Health Bulletin
No. 144. .
In this instrument the air to be mmplml is drawn through a glasa
tube end iimpiuged st o high velocity on a glass plate whieh-is kewt~— _ _
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benenth tho surface of the water or other suitable fluid in the collect~
ing flask, Tho dust is momentarily arrested, wetted by the collecting
fluid, ond in this manner trapped.  After a suflicient volume of air
has been sampled, o portion of the collecting fluid is removed to a
suitable counting cliumber or cell for microscapic count to ascertain
the numbar of particles in 2 manner to be deseribed later. Tho re-,
maining portion of the sample may be subjected to any desired
analysis, .

In the comparative study the dustecatching eficiency of the im-
pinger was fuiind to he high, Conscquentiy, its physical prineiples
and churacteristics wera the object of a special study, and finally a
sutisfnctory and practical form of dust-sampling instrument, based on
this prineiple, was evolved, : ,

The apparutns (essentislly in its present form), as described in

Public Henlth Bulletin No. 144, possessed an cfficiency of 94 to 97.5

percent when sampling a fincly divided silica dust suspeusion at the
rate of 1 cubic foot per minute. The tests used in estimating this
efficiency were conducted by an optical method in which a portion
of the dusty air being delivered to the cullecting deviee was diluted
with measured amounts of dust«free ait until 2 “mateh” was obtained

on comparison with tho streamn of air emerging from tho dust-col-

Jeeting device. The comparison, or matching, consisted in producing
equal Tyndell cfiects (equal amounts of refleeted light) by the two
dust streams when they are simultaneously observed in a beam of
light.

So fur as the quantitative results of the dust-sampling instruments
are concerned, the conclusion of the comparative study was as follows:

Considering tho dust eaught hy the Palmer s unity, tho instraments take the

following order: On basis of numbers of particies determined==impinger, 5.0;

sugar tube, 2.1: and Palmer appamatus, 1.0, On basis of weight of dust deter-
mined-~impinger, 2.1; thimbic, 1.5; sugar tube, 1.G; Paler apparatus, 1.0

" These results have led to the sclection of the impinger as the most
efBeient apparatus for all-round industrial dust sampling.  Theinstru-
ment Lias been used in o number of studies in the dusty trades, in the
studies of Jead totrnethyl, and many other investigations to be
mentioned luter. Twelve years of ficld experience with the impinger
apparatus have given confirmatory ovidenca of its valuo as o dust-

sampling deviee. ’
DESCRIFTION OF PRESENT-DAY DUKT-SAMPLING INSTRUMDNTS

-

" Of tho vnrious instruments méntioned in the history of the develop-
ment of dust-rampling devices, two which are at present finding some
use in dust determinations were developed since 1922, Theso aro
the Owens Jet Dust Couuter (15) and Drinker’s modification of the
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clectrieal precipitator devieo for dust colleetion (16). As aresult of the
comparative study carvied out in 1422, the Palmer, and the Anderson
- and Armspach dust determinator are employed very littla for dust
sumpling at the present writing,  Tho instruments employed in dust
studies are practienlly limited to the following: Impinger, Eleetrical
Precipiiator, Owens Jet Dust Counter, Paper Thimble, and Kotzé
Konimeter, "Tho text which follows deseribes the working principle
of ench of these five instruments, their construction and use, and
their advantages and disudvantages,
The Gieenburg-Sailh Lagpinger
The impinger apparatus (17) consists essentinlly of two portions:
First, n rource of suflicient suclion to draw the air to be sampled

X
B - .
al =

X e am Monw
Frovuk 2=Druwing of alectricully driven suction aparstur, op view,

through the sampling devieo; nnd, socond, the sampling devico or
impinger itscll, which consists of n container and the impinger tabe
and plate. As a source of suction, an electrically-driven and a com- .
pressed-nir-driven apparatus have been designed. A hand-driven -
apparatus developed at the-United Statea Bureau of Mines will siso |- -
be deseribed. .
Flectric suction apparatus—The clectically-driven suction ap- 7~
poratus is dexigned to be used in pluces where electrical energy is 20 -
gvailable. A photograph of the apparatus is shown in figure 3, and
the mechanieal details are prezented in figures 2, 3, and 4. The
mntor ia & serics-wound, single-jhase, G0-cyele, one-fifteenth h ree-
power, rated at 1.6 amperex, at 110 volts, with a speed of 1,500
. revolutivns per minute. This motor, being serimewound, operates
on either alternating or direet current.  The motor is geared Lo o
rulary cecentric pusitive pressure blower by means of a set of gears
having a 1 to 3 ratio. In order to minimize noise, the mnaller of

3
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thiese pene wheels s made of fiber, the Jarger being metal. ‘The
ldimwer L rated ot 4 cubie feet of [rec aie per minuto when rotated
at & speed of 6UO revolutions per minute, and is used as a source
of suclion rather than as a source of air pressure.  Wired in series
with the clectric motor is a 98-ohm, l.G-ampere variable sliding
rheostat used for specd contrnl of the motor. By cemploying such
n rhevstat a voltago of 110 or 220 volis may be used. To the intuko
or suction gide of the blower is attached a M-inehh mallenble-iron
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Fause 3~-Drawing of dlectrienfly driven suction appsrata, sids view, " e

elbow fitting provided with two inlets. To one of the jolots & Lot —

finch bruss noedle valve is atiached, which serves as a by-pass =~ ""—3'

in regmlating the rate of suction. The secoud inlet of tho elbow is =) =25

- ewinerted to s constriction-iype gluse flowmeter by means of a <~
suitable Jength of noncollapsible rubber tubing; tho flowmeter is
i fuztene] on the insido of the lid of the carrying ease.  The inlet side
of the fowmeoter is connected to the sampling flusk by means of a
= = smvuml picee of noncullapsible rubber tubing. Tho latter picco of
rubber (ubing may be of any snitable length,  The Jkwmeter seale is
enlibentedd in o smanner to bo deseribed luter, A vaeumn gego may
I usedl jnsteud of o flowrueler us u messuring device foe the air flow.
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F'?" ) The eleetrie niotor, blower, sliding rheostat, clectric plug, and

switch ame all assembled on a metnl plate 9 by 14 jnehes and ¥
ioch in thirlmess, and this plate is in turn firmly serewed {o the baso

|
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Froonn 4. Drawing of eheetrienily driven puetion appamios, end visw.

of the currying case. The carrying enso is mado of Y-inch quastered
oak, the ountzide dimensions Leing 10) by 1532 by 9% inches. The
weiht of the apparatus is 45 paunds,

Compressed-air suclion apperatus~In many industrinl establisha
ments, mines, aml guarrices, compressed aie iz readily available. By
pwienns of a very simple devien called an ejector, tho cuergy of tho
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comprraned air may be converted into suction and then utilized with
the impinger tube and jlask for the sampling of the dustinair. Ilatch
haa recently descritied a suction device of this type which has the
added fouture of & constant flowmeter (18). Deteurils of this instru-
ment arm presented in firure 5, This devico uses about 50 cubic
fect of free air when functioning and & constant ruto is obtained with
it reemrdless of the vuriation in air pressure, 5o long ns this pressure is
within the Jimits of 30 aud 75 pounds per square inch. TFor an
mJic.-.:iu: devica a shople pressure gaie, connected to the compressed
girsupply, is cimployed.

Tho constant flow in this meter is due to the fnct that the pressuroe
drop acroas the orifice (p,=—pa) is greater than the eriticul pressure,
which for gir is 0.33 p, -(where p, is the upstream and p, the down-
stream  pressure).

Under this condition  6/76€
the flow depends

upon p, only, and

since this remains

conatant (within the

liniits of biarometric AR ’” L& i"
pressure), therate of syrcro,€ :
niv jlow hus a con- . TO IrILAYE LR
stant.vnhfu. YWitha O ORIFIC L DISC HERS
burometric pressure PUROUTLET

eyual to 30 inchesol . s~Cospresand airdrives sartios syparatus fos {Tplnger.
mercury and the pres-

sure Joss through an impinger device equnl to 2.8 inches, p,=27.1
inches. To mect such a requircment p,—p,>=14.3 inches (50.53 ),
and 2. (absolute) must be less than 12.6 inchas of mercury, that is,
~17.4 inchies of meréury gago pressure. A suction in escess of this
valua i3 obtained with the ail of a No. 2 Hancock cjector, when the
pressurn in the air line is between 30 and 75 pounds. The orifice as
desizued by lluteh and his co-workers was found on testing to yield
rutea of flow from 28 to 20 liters 2 minuto (about 1 cubic foot per
minute) with a masimum variation of 3.5 percent,

lland-driren swctivn appurutus.~—Early in the courss of the studics
at the United States Burean of Mines Expcmncut. Station at Pitts.
burgh, the necessity became apparent for s hand-netuated apparatus,
19 bo userl in work places lacking clectric power or compressed air,
Sueh a deviee was designed and coustructed aud is fully desictibed in
Publie Jlenlth Bulletin No. 144, The apparatus in its present form
{Fiz. §) consists of a tripod of metal tubing suppurting a vertical post
and n horizoutal bar al its apex.  The horizontal bar is provided with
an ordinary bieyele seat.  To the verticsl post at a suitablo level
(el ju: alub!v) thero 1s attached & positive pressure blower (used ns a
miree of suction) of the samo sizo and capacity ns that used with the
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clectiieally-driven Lypo of upparatus.  1n this case, nowever, all of
the excess quctal of the blower s been romoved by machining in
) order to reduce the weisht of the appamtus.  The blower i3 geared
(3" {0 o pair of eranlz hanedles by o paic of gears having an § to 1 ratio,
- Tho suctivn inlet of the bluwer is attached Lo the impinger sampling
bottle which is supported near the top of the vertieal post of the tripod.
Tho steel tubing af which the tripod and its appendages are con-
structetd niay bo dismautled and the complets apparutus fitted into
A cunvas case somewhat resembling 2 gun case.  Tho weight of the
completn apparatua is approximately 17 pounds.
A revolution counter attached (o the large gear records the number
of its revalutions.  Culibration of the instrument with a gas meter
showed thet thoe volume of air sampled per revolution of the pump

DG
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1 1 } 1 £ 1 1 S— C.
Po0t=25 70 80 20 ) o 120 130 e
REVOLUTIONS OF MANDLE, PER MINUTE o -
FIGCRE T.=Calllsration curce of rolary pusnp for hand-driven auetion sopaatas. b=
varied somewhat witl the rate of revolution. The ealibration curve %

presented herewith (fig, 7) is taken from Public Bealth Bulletin No. C:
144. ‘The purticular puinp tested aspirated 1 cobic foot of air per g
minute when operated at 02 revolutions per minute.
Yhen the apparatus is in ‘use the aperator turns the crunk at the
rate of approximately one and one-helfl revolutions per second,
e e e " maintained as constantly as possible, for an appropriate length of
: time. The number of revolutions- per minute is detenuined by
dividing the total number of rovolutions by tho time of sampling.
From a curve similar to that shown the volume per revolution is
enleulated, which is multiplied by the number of revolutions to give
the total volume of air sampled.
For general field use, tho compressed-air dovice hias been found to
be the most satisfactory form of appuratus. ,
Tmpinger tube and sampling flask.~The impinger tube in the
inodél of the apparatus deseribed in Public 1lenlth Bulletin No, 144
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(p. G7) eousisled T s picee of Pyrex glass tubing, drawn down to o
tip with & 23-millieter orifice.  ‘T'o this tube a metal tripod and
circulur impinging plate wero atiached by means of o bronze splite

o8

; Tube B
Pyrox Glass Tube
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\—' - Two=Hole Rubber
ok } Stopper
)
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e =
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* < o o~
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’ & s | b
‘ H X -f.: : e
| | \ S L
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i ~ ) o
{ ? ? ; N i (O
& ) ; -
. g 3 -
8.0 e B -
. ) i s _ oﬁ \‘! 4 || Streamline T
i $ 3 ARSI Toper L
. g T i
Y - » F el zmm Hote =
. v Pyrex Glass Plate .
LT/ Thickness , 3mm
Impinger Tube and '

Flask Assembled
FITAR L=Drawier of implager tohe and ik,

shwvn clamp. The distance between tho orifice and the up

. rarfucn of the plate was kept at 5 millimeters, | ’

- - In praetice, this impinger tubo yiclded sutislactory resulta.  Never-
el it was felt that it would be preferable to eliminuto the uso
ol metal, particulaly where acil or alkali was to bo used ns the
vollivting fluid.  Aecordingly, there was dexigned and constructed
e allarinss jmpinger tube shown in figure 8, with circular glass

1
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F’r B ' impinger plate about 2.5 millimeters in dinmeter, fixed by three
supporting rods about 9 centimeters long to the impinger tube at e
distanee of 5 millimeters from the orifice. Thé tube was 13 milli.
melers in outside diametor, Pyrex glass was used throughout,
Tubes of this type havo been employed without an undue amount -
of breakage,

A few modifications have been made in the impinger flask.  Origi-
nally, o round l6-cunce glass bottle fitted with a 2-hole rubber
stopper was used. A short time luter 8 500-cubic centimeter Pypex
glass assuy flask (wide-mouth conical Erlenmeyer t.ype) was subsii-
tuled, which proved to be very satisiactory.

In certain studies it was found desirable to obtsin dust samples in
the resion of the mouth and nose of a worker in order to secure a 1nore
representative picturc of the air actually breathed. This was done
in a very ingenious munncr by the Australian workers, Badlham,
Rayner, and Broose (19) who utilized as the sampling flask a eylinder
12 inchies in length, and 2 inches in inside diamster. The cyliudcr
was fustened to the worker by a specinlly designed strap pasan'rnﬁ)n
the chiest. We Lave employ:d 2 similar flask made in the foruj-
tube scaled at the lower end, 300 willimeters in length and 50 h-

meters in dinmeter, pronded with the 2-holoe rubber stopper (sl
‘ in fig. 8). For protection from the impact of large pieces of ﬂy}mg
material, as well as for convenient support, the tube was placed inside
of n cylindrical leather Lolster which in turn was made {ast to the
chest of the worker by means of a pair of straps {astened about {le
chest and shoulders, Thus, the inlet end of the impinger tubs was
fixed at o poiut very close to the noso and mouth of the wearer. As
before, the outlet tube from the sampling eylinder is connected to
the source of suction by means of a convenient lcngth of noncollapsible
rubber tubing: Figure 9 shows this form of impinger sampling mhn-
der with its leather holster, as used in our studics. s
- Whether bottle, flask, or eylinder is used, suflicient liquid should bc_ C
kept in tho container during uso to cover tho impinger plato to a depth’ e D
of approximately 3 centimeters. In the eylinder type of flask 100 = > 2
cubic contimeters aro sullicient to accomplish this, whercas if the "f"' ,
Erlenmoyer type of flask is used, 250 cubic contimeters are required.
A bafllo pluto on tho exhausk t.ubo as shown in figure 8, is sometimes
advauntageous.
A moro compact and convenicnt impinrer lask and nozzle lLas
been recently developed fur field uso (18). Tho modifications in the
desigm of the impinger have in no way altered the basie principlo on
which tho instrument operates.  Figuro 10 shows the latest form { -
tho hmpiuger flask and nozzle.
Tho modified impinger does away with the gluss impinging plate,
utilizing tho bottom of the flask for this purpose. Tho suction con-
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Foeas 10=Drawiny of modified fmpinrer and deisil of neazle, with covstroction speciOcations. ) 3
o An entrninment trap in the form of a rubber ring provents the possible PR
loas.of tho lignid (and dust) with tho outgoing air, _ )
Sinco the impingement distaneo in this instrument is not fixed, a8 - =

nection iz combined with the inlet tube, thus simplifying tho deviee
still surther.  The essatinl portions of the dovico consist of o straizht
picen of Pyrex gisss tubing 15 mm in outsido dismeter and approxi-
mately 275 wmm in Jength. The tubo i3 deawn down in stream-lino
form at its lower end, tu 2 tip with 2 2.3 mmoorifizo.  In sampling this
orifice is kopb approxinately § mm froin thoe bottora of the flask, o
guido lino on tho usk indicating this distance, Tho flask is 50 inm
in diameter and 210 1 in height and requires o fuid (water) volume
of ouly 735 cc to give the proper depth of immersion to tho nozzle.

in the proviously described type, it wns necessary to determine the
limita within which this distunce, as well as tho angle of impingemeat
from tho perpendicular, varied. Studies conducted on theso factors
by the designers of this instrument showed that as regards the angle -
of impingement (using silica dust) ono ean have a maximum displace-
ment of the nozzle without changing the clliciency obtained when tho

: nozzld 2y in tho versienl pesition. Also, it was found; that the -

' pinging distuneos ean be varied from 2 to 12 millimeters without
impairing the cflicicncy against silica dust to any appreciablo degree,
Thoe dutn pertainiug to the experiments mado on this modified dovico
aro shown iu thoe [ollowing tables, 4, 5, and 6: - ‘

4
" dmmee, -

A . i
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Methd of sampling=—Culibration. of the impinger apparnius.—1t is
necessary to calibrate the air-measuring device ol the impinger appa-
rutus so that one may contrul the rate and quantity of air sampled.
The techniquo employed for this purpose with the hand-actuated
suction apparatus has alrendy heen deseribed.  With the clectrienlly
driven suction deviee n svitable flowineter or vacuum guge is coms
monly used s the mensuring device, while the ejeetor instrumient
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sicney of impinger .. .
uses 8 presaure gage as an indieator for the air flow throush the

impinger.  For calibration, the apparatus rhould bo szsembled in a

I*eroent efliciency manner precisely simtlar to that emploved in field sampling, but with
- - the outlet tubo of an accurate five-light, dry, test zas meter attached
wem s | Mosnan suite to the inlet of the finpinger apparatus. A calibration curve is then
Dy | Mediva] Fim obtained, showing the relativnship between rates of air flow, asg
! mensure-l by iha gas meter duning observed intervals of time, and
“ ot <] B " the n-:adix{gs on the scnl_c of the flow wmoter or vacuum gage. The
5 £ Lo B xenlo rc.:udmg corrcs;_;omhug to 1 cubx.c Joot per minuto nay then be
T 1y - ascerininted.  ‘The uir-meuswiing devico #hould bo ealibrated at fre-
MO guent inlervals and atways slter any readjustment of the apparatus,
1n tho field, the predetermined reading should be maintained through-
mpinpement out the course of each sampling period by adjustment of the ueedlo
tevs jee minmic] valve.
. Prior to the taking of dust ramples in the field it is important that TN
. Tercen: efliviency th» guction apparatua be carefelly inspeeted and completely elenned . ':‘-_j
so as {o insure proper functioning whwe in use. Care should be { —_
e [ Wetruwiat S0, exervised to insure against leaky connertions in the air cirenit. ey
Choice and preparation of sampling Jflurid —In spite of the generally R
34 B g contrry bolief, many dusts, including even silica, aro soluble in . -
— water (20). This is to a great extent due to the large surfaco area T e
Y Nialkeed exposed to the sulvent by small particles of suspended material, A = =
i impinger proper sampiing fuid shoul:l be used in order {0 avoid sélution. Asa N D
rilo distillad water i3 used amd by conducting the analyses within PR
24 hiours, it is pussible to avoid significunt dust luss.  Preferably, thoe I
Percces elticieney -, counting should he dono on the day of smupling. In the case of o e
—Tw _— those dusts not easily welted by water, such as coal dust, o mixture =
el ol 25 percent alcohol and 735 pereent water yiclds execlient results. T
‘w | Iy [Medum{ Fioe * 'Tho aleohol inerenses the wetting power of tho solution and at the hl
vy time greatly reduces the solubility of mineral dusts in water. T e
5 s B P'oailile setion on the rubber stopper of whatever collecting fluid 3;-2 C_g
B - = mny bo chosen shoukd he appropriately contrulled. T e
il 2 a 3 It is important that the sampling fluid itsell bo comparutively freo
] from suspended matter,  Distilled water should be prepared, il possi-
% Lle, by ane of the cuntinuous types of water stills and, alter distillation,
shwsuld be permitted to stand for about 24 hours, the upper part being
npinger appouiux— is ‘brawn off for wse, I nlcohol is employed, it should be redistilied
ien of the jimpinger appa- Iefore e, . o
quantify of air sampled, ' puration of saniding fluska— Prior to tnking samples in the -
with the Jand-ae{uated '":l-l thee desierd pumdwr of sawpling fasks aro thoroughly cleaned
s With the cleetteally with hot clennsing solution, rinsed several times in tap water, and
or vacumm g s Coltte baly rinsd with the fluid used as the sempling medivm.  The
fe the ejector instrmuent f"'l’l:'-r.z ura thoroughly freed from adventitious dust by severul washe-
s bap water und foally in the snpling fluid.  ‘The required
LK} RO W
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amount of sampling fuid is placed in each impinger flask, o cleaned
solid-rubber stopper is put in place, and a enp of paper is fastoned
over tho top by means of a rubber band.  The flusks are now ready
Jor tranzport to the place where samples are to bo taken.

Field technique in samplnu.—ln taking dust satuples the lncutxon
of tho sampling place, tha time during which smmpling is conduetod,
and the duration of sam pling are all chosen in an cffort to obtain the
datn required by tho study in progress. Obviously the requiremoents
of {he study under wuy govern the procedure to be employed.

The two-hole rubber stopper fitted to the ipinger tubo and exhaust
elbow may be transported in & spare flask containing some of the
sampling fluid. Suchs prucedure scrves both to proteet the impinger
tubo and to keep it clean and ready for use. The exposed ends of the
hnpinger tube and exhaust elbow should always be protected aguinst
nccidental contamination.

Alter the sclnction of the sampling position, the stopper of one of
the impinger flasks is replaced by the two-holo rubber stopper con.
teining the impinger tube and exhaust elbow. The solid stopper is
put on the sparc bottle, thus protecting the rinse fluid and a: the —.
same timo preveunting contamination of the stopper. This ecome.—. |
pletely equipped impinger is now placed in the leather holster, whilefm: . -
the holster in turn is securely strapped about the worker or held byt --
an assiatant ot tho desired sampling point. The holster scrves o two-»
fold purpose: First, it serves to proteet the glass tube fromt broakage !
by fiving nbjects in the work pluce, and second, it fixes the entraner.
to {he impinger tube very close to tbo nose and mouth of the w orl;or. .
The outlet or ruction elbow of the smnapling flask 13 conneeted with
the sowrce of suction by means of a suitable length (commonly "5
fcet) of noncoll: pmble rubber tubing.

In certain cases it is not feusible 16 place the impinger flaxk nbout -
the neck of the worker, nor is it conveuient to have an assistant hold -
tha flask pear the worker. - Under thess conditions u length of rubber |
tubing (about 15 fuet) may be conuected to the inlet of the impinguer

apparatus (the impinger tube) and the free end fastened at the desired
sampling point. With a sampling rute of 1 cubic fuot per minute, <
dust particles pass through a ¥-inch tube 15 feet long in less than o 2__
second, hardly sullicient time to allow scttling to take place.

The dumtion of tho sampling period should be such as to yield a
satisfactory suspension of dust fur analysis, and is thus dependent on
the concentration of dust in thoe atmosphere,” Under the usual
industrial conditions, samples of from 10 to 30 cubic feet of air are
suflicient to yichl enough suspended dust for analysis. Sinco a
sampling mte of 1 cubic foot per minute is maintained, this will
require o sampling period of from 10 to 50 wminutes. A stop waich
is used o measure this period.
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-After the sample has been faken, the impinger tube is withdrawn,
The tube is rinsnd both inside and out with some sampling fluid from
a fresh bottls, the vinsings being added to the originsl sample and the
sampling flask stoppered and capped for trunsport to the luboratory,
Sheuld the impinger tube bz found to bo contuminated with adherent
dust after rinsing, it should bo earefully cleaned or, hotter still,
replaced by an unused tube.  Spare tubes should always be enrried,

Notes are prutptly made of all tho periinent data with referesce

to cuxch saunple,
ALTERNATING CURRENT PEREECITITATOR

Professar Phitip Drinker und his eolleagues at tho Farvard School of
Yublie ealth havo had a good deal of experience during the past 12
years with electrical preeipitators for collecling atmospheric particu-
late matter. As o result of their work they have found that non-
ractified alternating current is superior to rectified current for pre-
cipitating dry, poordy eonducting suspensions, such as most industrial
dusts of hywienic signifiennce, Figures 11 and 13 present tho cssen-
tial parts of such precipitatora. The tubes are mude of pyrex ol o
size culled for by the particular problem invelved. The lorge tube
shown in the drewing i ndaptable for dust sompling at 15,000 volts,
whereas the swualler tube iz used at lower voltuges and rates of air
flow., A General Electric Co, luminous-tube trunsformer is used for
abtaining Lizh voltages. ‘This transformer unit weighs 22 pounds,
operates from o 110-volt, 60-cyele Jine und fumishes a secondary
eurrent of 30 milliamperes ut 15,000 volts. By means of & rheostat
in the primary circuit, the voltages can be rezulated from 8,000 to
15,000. In this apparutus the midpoint of the high voltage winding
ia grounded to the metal easing of the trausformer.  Fuses are placed
in both the low-tension lince, rather than in the main line, so that
theww fuses hlow in ease of a disruptive dischiarge.

A rather fine wire of gold-plated drill steel is used in the larger
size tubo for the precipitating or eentral electrode, whereas it has been
fuund best to uso fine platinum, guld, or copper wire in the smaller
inbes,  The outer eclectrode is made of either metal netting, of metal
fwil, or of copper wire wrapped spirally along the tube. Such wrap-
pingt must be pulled tight by hund and may be kept in place by elee-

trictan’s tape.  Celluloid foil or filter paper placed inside the tube is

T wed as thie colleeting medium.  The precipitating cleetrodo must be

allifes

. hept. well up the tubs to insure cflicient colleetion on the eclluloid foil

or filter paper; this precaution precludes dust from being enught on the
Ll tuabuy flaell,

Ninee grases of o toxie nature may be produced in the operation of
the prveipiiator, sl morrover, sinee (e gases destroy the rubber
beppers aml tubing used in the deviee, it is advisuble to insert a
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ciimmber containing activated chareonl jn the eirenit (soe skoteh)
in onder fo almorh these gaes,  In view of the destrustive action
of the guas on the rubber parts of the appartus it iz advixable
that the instrument be inspected frequently for danmged parts.

3
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" As a source of suction one can use cither & compressed nir cjector,
with & calibrated glasas flowmeter, or o handwsize vacmmn cleaner fan
employing n small metal orilice meter for measuring the aiv flow.
The resistance to aie tlow of the precipitutor tube is small, so that
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! , .arenit (zoc skoteh) all the resistance fo be overcomo is due mainly to tho charconl trap.
e deatructive action At assanpling rmte of nbuut 50 liters n minute, thia resistanes has been

apparzius it is advisable found ta he 10 to 15 em water mage. .

ently for dumaged paris, Jn operation n suflicient volime of air is passed through the pre-

cipituting tube to yicld & visiblo deposit of dust.  The foil or filter-
paper containing the dust deposit is then removed from the tube
and placed in o receptacle for transmiltal to the laboratory. The
pruetical operating eflicieney of the precipitator is nearly 100 pereent.
11 Jow ciliciencies aro obtained, they aro probably due to eithor high
rutes of air flow, Jow vollages or too great & diameter in the tube,
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J ‘ - factors which may be easily corrected.  The method of analysis and *

: tha various advantages and disadvantages of this device will be
. clizetnned at tho end of thisseetion. A list of equipment for collecting
dint pamples by the precipitation method is given by Professor
Drinker in his article appearing in the Journal of Tudustrial 1Tygicne,
for December 1032, .
PAPER TUIMDLE APPARATUS

il

Paper filtors for eollecting dust in air have been used for n.umy
Mars by numerous investizalors. In 1905, Simon in Germany
u-nl_u paper {thimble for determining dust in blast furnace gases (21).
Mariner and Hoskins utilized this principlo in studying the extent of
sl pollution in Chicago in 1913 (22).  However, it was not until
1922 hefore Jefinite data were available on the various ehamcteris-
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dther a compreszed air ejector,

Randeize vacuum eleaner fan
v for measuring the air flow,
Apitator tube §s stuall, so that
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o tiex of thiz deviee when Trostel and Frevert reported tho results of oo |
their xtudies of the paper thimble in conneetion with the development P
of this instrument for the colleetion avd exwmmination’ of explosivo e
dusats in air (J3). , Y
Dzseription of apparatux N ¥ (T
Fizuro 13 shows the details of the thimble and brass capsulo which a2 i
hoids it in pluce. 'The thimbles used are single thickness, Whataau cueln
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extraction shells, 33 by 64 mm, with a small amount of cotton wool ot
(weizht about 125 ), well fluffed out, inserted inside the thimbles whe
for the purpase of supporting the dust and to preclude the possibility .
of clogring the pores of the puper.  The suction &ido of the enpsule is \
conneeted to either a4 calibmted foot puup, an clectrically driven
- blower, or an cjeetor devieo of the type described with the impinger oL
outfit, 1n operation the dust-laden sir enters the opening of the
brass eapsule, us indicatend in the sketeh, passes into the paper thime o
ble, and after depamiting the dust c<eapes into the expunsion com- .
partment of the eapsule and thenee through the suction devico; .
n, . Sl D W A A S —— —
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the latter, be it un ejector, clectrically driven blower, or foot pup,
i3 provided with 8 metering deviee for measaring the air flow, which
is usually maintained ug tie rate of 2 cubic feet per minnte,

Boforo using a thimble it must bo dried Lo a constant weight.
Thixs 1way bo secomplisheld by one of two ways.  First; thimbles can
be given o preliminary drying at 90° to 95° C, for 3 to 7 duys in an
ordinary drying oven, and then just beforu using they are dried in a
vacuiir oven for 7 hours at 80° C. and weizhed. To obtain a check
welzhit they am eaposed oveinight to room air and agnin dried in
vacuumn for 7 hours. Aftersampling, the same 7-hour vacuum drying
period is emploved.  Sceond, the thimbles which bave had the pre-
Juninary trentinent may be dried just before use in an ordinary
hot-air oven for two days ot 90° to 95° C. This period i3 sullicicnt
to bring them to constunt weight withi no check drying being necessary
in this instance. After sumpliaz the smne 2«day drying perind .is
iollowed. Two blank thimbles, not used in the collection of dust,
are dried, and weighed aceording to one of the two methods outlined,
vhich enables vne to check tho constuncy of the tlumblc weights
during the drying period.

Tho thimbles aro placed in a speciul glass \vcxghmg container
after removal from tho aven and are allowed to cool in a dessicator.
A countorpeise weighing bottle is placed on the pan of the balance
opposite to the one contaiving the thiinlle, thus compensating for
moiature condensation an the somewhat large surfaces of the bottles.
Tho thimble and bottle nre weighed rapidiy 1o the nearest milligram
aud then the empty bottle is weighed., The difference in weight
represents the dry weight of the thimble. After a sample of dust is
collected tho thimblo § is placed in the drying oven and brought to
constaut weizht, as deseribed.  The inerease in weight of the unmbla
is the dry weight of the cullected dust.  This \vcx,ht is divided by
the volume of air sampled, yiclding a weight per unit volume, such
as milligrams per cubic foot, cte.

Eficiancy of thimbles

Toeats on the filtering oﬂ'tcwncy of the pnpl.'r tlumble were conducted
by Trestel and ]m.-vcrt on various dusts of different sizes. Theso
tests showerd that the devieo recovered nearly 100 pereent of tho dust
wmpled. Against tobacco smoke of & 0.27 micron sizo the thimble
thevien wos found by optical mwethads to, be 46 percent cfficient.

-

Aainst silicn dust of axize from 1 10 2 mivrons (aversee industrial

fza of dust), the optical mothed showed 100 percent clliciency after
47 secomls of sampling had clapsed.  Aenin, gravimetne tests with
very finely divided comstareh showed this in<trument to be practienlly

"0 pereent effective in colleeting dust.,

It might he expeeted that sinee paper is highly ln‘-vmm)plc that
e rates of nie flow through thimbles would be dilferent in ntimos-
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pheres of varving homidities,  This passibility, if (rue, wouhl tem)
to inerense e esiatanens throueh the thimble, therehy deerensing
the rate of air low and vitiating the valume readings on the metering
deviee. 1nonder to test the effect of humidity on the thiwmbles, tess
wera conducted at 23, 30, 73, and 00 pereent hnidities for o total
pericd of 7 ddays. The thimbles were first doed to constant weighit
and the mte of air flow determinml, Then the 7-day test on the
thisnbles was yadoe until their reguin in weight was constant, vwhen
the rate of nir flow was amain determined,  J4 was Jound that the rate
of air flow over the range of relative bhumidities tested was ot
affocted, even at the highly saturated condition of 90 pereent.

The wppliculisn of this device to industrial dust sampling will be
discussed more fully in the portion of this section dealing with the
various sdvintaves snd disadvantages of the instruments covered in
thiz Jiscussioa,

TRE KONIMETER

The koniweler instrument, which samples dust by impinging air
at a-high velocity agninst a slicky glass plate, was developed by
Sir R. N. Kotz¢ for use by the Miners! Phthisis I'revention Commitico
of South Africa. The type of | onimeler most frequently used in this
couriry is the one ctiploving a circular glass plate which is revolved
{0 produce a ring of dust spots near the periphery.

Description of [nstrument

The cireular type of kontmeter i3 depicted in figure 14, 1t consists
essentially of a valvelss evlindrieal suction pummp and a dial of brass;
tho piston of the pumyp is actuated by a spring which insures uniform
operation. About 10 ce of air wre sampled per stroke, tho cxact
asnount being deterined by ealibration of the instrument, This may
be accomplished by attaching the suction side of the device to a

 graduated gus burette containing water and noting the amount of

water displaced.  Tha disl chamber contains a circular glase plate,
resting on a hard-rubber ring so arvunged that the aic from the sur-
rounding atmasphoere is drawn, upon relcasing the piston, through a
nazzle 0.0223 inch (0.67 mum) in dinmeter and is impinged upon the
plate, loeated 0.0197 inch (0.5 mm) fromn the end of the nozzle. For
tho purpose of retaining the dust efeetively, a thin filin of petrolatum
is usunlly sineared on the gleas plate.  The glass plate is attached to a

Aoothed brass ring, which engngzes a pinion operated on o rod extending

outsido the instrument, The glass is revolved to expose frosh surfaces
as needed,  “The insirment is provided with 29 sectors on the ring,
each one numberisd o0 as to recunld enche duat spot or zample,

The konimeter is cowpact, simple to operate, is only 6X£ inches long,
and weighs but 2.2 pounds,
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Sethodd of nnmnlis g

Privr to oblainine samples of acrnl dust with the konbineter it
should bo carefully cleaned and prepared for use.  The ovifice of the
nuzzle may he cleaned with o Lorsehair or other suitublo material and
e volume of the devies is detormined from tine to time in the man-
wer already mentioned,  The glass plate is covered thinly with filtered
petrolutum, by rubbing evenly over the plato with a .clea.n cluss
stirring rod coutnining a quatity of petrolatun about the size of a
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twd operating the pinion which engages the touthed brass ring and
wlass plato is so noved a3 Lo expose scctor no. 1 opposite the nozzle.
To obtuin & ramplo of dust the piston is pushed inward until it is
eauht and held in placo by a Jocking pin provided for that purpose.
‘I'he orifice nt the back of the konimeter is hold at the sampling point
sl 2 sumiplo i3 procured by, pressing the trimerer which releases the

sprinie,  Air rushes in through the nozzle at a high velocity impinging -

itn dust content in the petrolatum film on the glaas plate. To obtain
Bnother gample (he pinion is turned to bring the nest sector into
terition,  Thie method of examining the dust samples will be trewted
i1 the next seetion which deals with this subjeet,
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The chicieney of the kanmeter, when sampling in moderately
dusty ntmeosphores, has been fowmd to be about 1.5 tines that of the
Dnpingor deviee, both in labomtory testa and in compuarntive studic«
couducted in the ficld under pructical operation (23) (24).

. QWEXS8 JLT DUST COUNTER

l‘rineiplo of insrument

Thejet dust connter wes devised by Dr.Owens, of London,l‘ n'vland
for the study of stmospherie smolie in conneetion with the worl of tlw
Advisory Conunittee on Almospherie Pollution. The principle of
this appurstus is very similar to the konbmeter. The dovieo depends -

= Jor its action on the principle that
C-p:‘a when air cuataiping dust passes
/ through a uarrow orifice facing n

© glass surface a short distanco away (~, -

from the jet, the dust will adhere—
to the glass. In the Owens instru. —
ment this result is achieved by b
causing a very fine, bbon-sh.me-’ =

jot of air to strike a niicroscope =7
cover glass situaled about 1 mm M‘ E

]

Al -

l’romn.slol-slnpod opening formzrn- . -
the jet. The air, before entering © P
theslot, is pamd through a damp~ |-
mgchmubcr and the velocityinthe ™
jet is such that a fall of pressure |

resalts, in this way bnngmw ubouta
condensation of moisture,  ‘The air ¢

is then deflected and the dust, be- |, °

FIGTRE 15.=0v cos jef dust coater
aumtbied for use,

dust behind,

Doscription of instrument

Figure 15 shows the instrument in its nasembled form whila figurs 16
depicts tho csxeutial portxuns of the dovico in moro dotail. Tho appar-
atus shown in figure 16 ¢onsists of a brass siceve D open at the tap and
bottom and serewed internally for the reception of the part I, This
purt (KK)is perfurated by o contralhole for sdmitting theair to a parrow
slot formed dinmetreslly acrosa the hole by meuns of two semirircular
metallic plates, held in position by a ring I8 attached to the pluge K.

luto the upper opening of the sleevo B is fitted a serewed plug O,
provided with an atltachment consisting of a spindle L which pene
trates the slevve furmed in the plug C and cmls at tho outerend ina
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knurled hend T, and at the other end in o earrier plata O, This c:x‘n-i?r
plato reevives the cover glass and has two stups on its ed;..:'o to aid in
rentoing it. A flub spring L s fixed sbove the plate O with its ends
bent round so s o hold 1ho cover glass firmly against the plate O
when the glass js in position. A spiral spring M, located between
the plate O sud the plug €, keeps tho cover glass pressed dawaward
aver the slot-of the instrument when the plug Cis serewed into place.
To insert the cover C oy
wluss on the eursicr /\Rp‘?.‘./g_
plate O the plug C ke € !_‘\J: g
wiiit it attacluvents \}i-‘\-*je'.-L(eh i
is held in ora Laid R b3d% 70

.

Fan ConmieTon
/'1'. 3T arE

8 -Z‘.' = Pune
. inine d : and the knurled head — H"-'*"‘\‘:":{l:"_'l .
alr coutaming dust Pasaes J witbdmwn suffi- \72 -; -~
th a narrow on_ﬁce farming a cienth- to press the —A =
‘urface a short distance awnay ine P aeainst (l (4 ‘ i
. - spring P against the o ,
ne jet, the dust will adhere plug C, thereby lift- -
glass. In the Owens instru. ing tho bent onds of 4—u o
this" result is ackieved by the spring I’ from the {.
& & very fine, ribuon-shaped plate 0, allowing 2
atr 1o strike 2 microscope cover glass {o bo ine MODEL X -
glass sitnated abeat 1 mm serted. When the r
= slot-shapad opening forming knurled.lwnd J i3 re-
L 2 belare entering Irased itisdrawn back . g
:z_‘:as.-zod throuzh a damp- by the sprinz AL, the
-2, and the velocity in the spring P cn;ms, ont -
such that 2 fall of pressure of contact with the A
‘5,1n this way bringinz abouta plug C and the bent ' ,
:nsation of moistwre, *The air enda press down on POMP 1 -
n deflerted and the dust, bee tho cover glues, thus Lo o i € D et ot consiae ey 02
inabls to torn the corner, - holding it tichtly in =~ = =

he air drops, the pressure and
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:ssembled form while figure 16
o inmorodetail, Thezppar-
3 sleeve I3 open 2t the top wnd
aception of th part X, This
radmilting theair toa narrow
» by means of two semicireular
1 R oattached to the plag K,
£ is fitted a serowed plug C,
2 of a spindie L which peae
umd ends at tho outer end in a

®

Mo

place.  When the plug C is screwed into position in the instrument
{in the sleeve B), the stops upon plate O make contact with the
rin= R which forms the ccll around the slot. The distance of the
cover iduss from the slot is thus fixed and the cover zlass may bo ro-
tated to auy position by means of the knurled head J.

Tho washer 1[ makes an air-tight jeint between the'plug C and the
weevald.  Inaide the sleeve B and surmounding tho covergluss is an an.
nularyevess which communicateawith o connection E for nttachment to
=i air pump of 50 ce eapacity. A damping chamber ' is furnished,
whirli s dotachable from the plug K by unserewing.  This chamber is
Lned with Llotting pnper which is woetted prior to using the instrument.

Methml of operation .
Prior to sampling one shoull make sure that the slot is clear of any
elitruetion, 1t may be cleancd by means of a slip of thia paper
. _..-- )
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pushed through from below.  The air pump should bo tested for lenk-
aee from time to time.  This is accomplished by holding o moistened
finer over tho opening, dmwing out the plunger smartly, holding it
a fev: sceonds, thew letting it go, when it fhould return to the buttum
of the pump.  1f the plunger doca not return it may be necessary to
grease it slightly with vaseline or renew the valve,
T'o ubtain 8 dust record the pmup is fixed to the conneetion I3, mud
’ before the plig C is removerd three or four strakes of the pump are
made in order to fill the damping chamber with tho air to be
testedd, leaving the pump plunger pushed in all the way.  The blotting
peper in the damping chamber should be wetted before sampling is
started. The plug C ia rapidly rewoved and a earcfully cleuncd
cover gloss is inserted upon the ring R, after which the plug C is
quickly replaced aud screwed in tightly, The pump plunger is then
pulled out smartly so as to draw in 50 ce of air through the jet. If
more air i3 desired the pluu"er ean be opmted again alter allowing
an interval of 15 or 20 geconds {0 elapse in order to allow the air to
absorb moisture from the damping chamber. Tho plug C is then
removed, the cover glass dropped out on the hand, when it is ready -

for mounting.
The dust record is mounted on thm, tin rings cemented onlo a

micrnseope slide.  Several such slides are preuously prepared for
this purpose. This may be done by placing a few drops of the cement,
vhich sccompanies the instrument, onto the slide and placing 2 tin
ring onto the glass, squeezing sently down on the ring, The dust
record is mounted dry, face down, so that oil immersion may be used
in examining the record, ‘To mount the coverslip one merely places
‘ threo small drops of the eewnent onto the tin ring and then places the
coverslip gently on it, pressing down so s to allow the coment to
ST flow around the ring and eomplete the secal Two rings mayho -
placed on one slide il one so desires. When one is finishéd with an
cxamination of & record, the coverslips, rings, and slides may be
salvaged for further uso by 'p’lacmg them in o dish of water, thus
loosmm, tho coverslip and ring from the glass. After proper clean- ...
ing theso objects may be used again, -
BUIMMARY

An atterupt has been made to deseribe tho most frequently used
instruments employed in dust sumpling at the present time, io such
s manner that very little diiienlty should bo eéxperienced in operating
the five instruments discussed in this chapter. Illustrations of the

instruments, their prineiple of operstion, ealibration, and method of

rampling have been given in some detail.’ Tn the following table

(table 7), w summury of some of (he ehameteristios of these fnstrue
1t may bo seen that all of the deviees havo a-high
Although ecach instrument has some dJisads

Tl

wends is given.
sampling eflicieney.
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vantages, eaperience has shown (hat there Is a specifie use for cach
deviee,  The impinger apparatus, which is the one used most uni-
versally, both in this country and abroad, can be employed for sam-
pling in both hizh und low dust concentrations, and has (he adided
alvantsme that the samples may be unalyzed microscopicnlly, chem-
ically or seavimetricully.  In faet, it has also proved useful for xam-
pling fumes and gases, provided eertain precautions are exercised
(25) (26). The cleetrieal precipitator is not used very frequently for
dusts, finding its greatest field in the sampling of smoko and fumes.
The paper thinlde haa boen uand for the sampling of radioactive dusts
very successfully and is constantly employed in sampling orgunic
dusts in canneetion with dust explosion prevention work. The
Owena Jot Dust Counter wis primarily developed for the sampling
of outdoor dusts and smoke and is still used fur this purposc quite
universully, It is not practical for the sampling of industrial dusts
of high conceutration, the dust record being so thick as to mako it
impoasible of enumcration. Ilowever, it has been used successfully
for obtaining samples of industrial dusts for the purpore of purticle-
size measurcinents. This use will be det )t with in more detail in
scction 1V. ‘The konimeter is very useful in obtaining rapid samples
in moderato concentrations of aerial dusts. For quantities of 15 to
18 millivn particles or less per cubie foot of air it is very efflicient and
shoulld find cousiderable uze in control work and in preliminary
studics. For such investizations the Owens and konimeter have the
added advantace that {hey require no power for operation, are very
small and comyact and do not need o highly ekilied olmerver to
obtain samples, although sowe skill is required in the enumeration
of the dust records and in the interpretation of results,

So far this discussion has heen limited to the collection of dusts of
the type capable of producing fibrusis of the Inngs or upper respiratory
dumage. For the collection of poizonous dusts, such as lead, the
impinger or clectrieal precipitator have been found (o be best suited
for this purpose. The paper thimble has been used sneeessfully for
the colleetion of radivuctive dusts, bus on the whole the impinger and
precipitator colleet such dusts in 2 manner best snited for the sub-
myjuent chemical analysis. In the cuse of the impinger when uascd
in sampling lead dusts, care should be taken that the sampling flask
ix of Jend-froe glass and that the distilled water alzo contains no {ruces
of thiscompound, Itis customary to run a blank for every 10 samples
wr a0, chich tukes into account uny Jead present in the reagents.  In
sampling for minuie traees of poisonous compounds, it ix very essential
that sulliciently Jamee samples be obtained, enpough to eontain ades
fuata amounts of the material for the pacticular method of analyxis
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L, TUE QUANTIFICATION QF INDUSTRIAL hUSYS
i IPNEUMUCONIOSES-IRUDUCING DUSTS

General comsiderations

The method of geantification used on the samples of acrial dust
collected by the various instrunients deseribed in the previons rection
will be governed langely by the fuct that our interest in the dust prols.
lemt is primarily & hygienic one. In the cuso of fibrosis=producing
dusts it hus been found that the particle eount offers the best index
of the hazardousness of a dusty operstion, cspecially in extensive
studies of the problem dealing with the health of workers in dusty
trudes.  Obvionsly, the ethod of cnwmeration which is utilized
shotld be governed by the consideration of the size of the dust which

18 of hygicenic significance. To date, tha relauve significance of .
various size3 of dust patticles in the production of lunyg fibrusis has .
not heen satisfactorily established, llawever, we do know that the ¥
inhalation of certain industriul dusts hias been found to be associated "
with definito injury to tho pulmounary tiasnes. 1lence, o knowledge - :

of the sixe frequeney of these industral dusts will in a measure do-

. ™
-termine the method of enumeration to be employed in order to = -
evalvato the induxirial dust haz rd. " ¥
At prescut there are several sources of information which east ¢ .1
somo Jight on this subject. One is the work of pathologists, who < .
have detennined the sizo of dust particles recovered from silicotic & in-
Jung tissue; another souree is the work done in conneetion with the - ol
reteution of dnsts, while additivnal information is presented by parti- . n
cle-sizo studies which have been mada on industrisl duste, ' oo
Moir (27), Watkins-Pitehford (28), and Mavrogordato (29), of cen
South Africa, have shown that most of the dust particles recovered .
by them from both human and animal silicotic lungs wers between - ' -~
1 and 3 micryns in size.  Only 13 pervent of tho particles were found - rira
to be less than 0.5 micron. Theso results nre somewhat similar to ;- C ey
those obtained by Scheid of Germany (30). Drinker, in comparing - R T
. the sizo frequencey of the purticles measured by Moir with the pare - I
ticles found by him in the sputum of men employed in ore imills, E; Y My
found a very close correspondencs “(31). Reeent experiments by == =2 wm.y
King and Dolan (32) on the metabalisiu of silica indicate that ex- Lol
tremely fine particles of quuartz, those less than 3 microns in size, foom o
 aro rapidly diseolved in the mildly alkaline body fluids, and are o Bouagot
. oxereled in tha urine, The results of thess findings raise Lwo very the o
periinent questions; namely, (1) to what extent are minuto particles YR
“of dust retained by the human lumes, and (2) do appreciablo per- st
- ‘zeentages of industrial dusts ever fragment into thoss minuto sizea Phe e
“less tban 0.5 micron? ] T Y
' @y ’ ' -
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The wotk of Drinker (33) and his associates, and that of Drown
(34) on tho retention of certain dusts and fumes by man when known
amouti{s were breathed, seem to indieate that the conrser suspensions
wore retained moro cifectively than the more finely divided materials,

* Pereentayo retention wus found to be directly proportional to par-
tieulnle size and to the density of tho dust suspension in the nir.
sayers und his colleagues (35), in o study of the health hazards asso-
cinted with tho use of tetracthyl lead gasoline, found that fine par-
rienlate nntter such as the lead dust from autownbile exhnust gos
weing cthyl gasoline was retained to an averuge extent of only 15
pereent of the amount inhaled. Shaw and Owens, upon micasuring
the ansount of duss in expired air of London inhabitants, found that
wirly 23 perecat of the dust was retained (36). Tho average size of
the dust. inhaled iu their experiments was about 0.3 micvon. This
work on dust rotention scems to indicate that dust particles of &
sizo Joss than 0.5 micron play but n small role in the problem of in-
duatria) dust inhalation, and in a manuer furnishes an answer to the
question raised earlier in this discussion; namely, the extent to which
minute particles of dust are retained by human beings,

The answer to the second question—that is, the ability of the ordi-
nary industrial process to fragment appreciable quantities of dust ton
«ize loss than 0.5 mieron—is partially answered by o particle-size
study of tho dusts acteally suspended in industrial atmospheres,
such n study made hy the authors in the course of their numerous
investipations in dnsty industries reveals the fact that practically all
uf the dust particlis exnmined by them (more than 10,000 particles
in nbout 50 samples) are between 1 and 3 microns in size, about 70
percent of tho dust particles lying in this nge.  Only about 20 per-
eent of the particles were found to bo less than 1 micron, the averuge
meddian size being 1.3.  Although no two dusts were found to have
ranetly the samo size frequency, differing at times for the same dust
ereated by differont operations, it was found that for all pructieal
purposes the dust particles fall into very narrow limits, the majority
betug botween 1 and 3 microns (37). .

From the foregoing information it is evident that in order to obtain
n nepresentative snmple of industriol dust in air, one sbould employ an

. instrument capable of arresting with a high degree of efliciency all

Lindds of dusts, of sizes ranging from 0.5 to 5 microus at both bigh- and

biwalust coneontrations. The instruments deacribed in the previous
simpter fulfill this requirement.  In addition; the wethod of counting
the dust particles in the snnples should hidve small analytical crrors
ninl should reveal only thuse sigmificant particles present in industrial
stimspheres, 1t should not be the aim to count all the dust part iches
present in thesansples (which may be accomplished by cithor the usoof
Li+h magmifications, darkefichd illumination, or combinutions of buth),
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sinco it is necessary to diffcrentiate between tho dust content in
normal xir and industrial air. A8 has beea just indicated, this dif-
ference is slorply murked insofar as the dust particles hetween 0.5 and
5 nsierons are concerned ; hud this difference would be masked and lost
should wo include in our determination tho particles of ultramicry.
scopic sizs which are present in vast numbers in all air.

The inethod of dust counting to be deacribed in tho following pages
fulfills tho requirements set forth in {he present discussion with
relcrence toindustrial dusts,  Asa proof of the vulue of the method of
dust counting to be prescuted, high correlations have been obtained
between counts in varivus industries and the degree of silicosis and
tubereulosis among the workers exposed to the dusts investigated (2),

Tt is obvious, thereiore, that the technic of dust analysis which is now
Letitg vsed extensively in this country and which is deseribed in the
pages to follow, constitutes o valuahle index of the hazardousuess of
dus$ iubnlation.
Qusutitication of impinger samplea

; Counting in ecells.~Earlier in this bulletin it wus pointed out that

g practically oll dusts are, to sonie extent, soluble in water and, hence,
counts should be conducted within 24 hours after sumpling. Such a
practice tends to prevent any tvndue flocculation as well as solveut ‘=
action on some of the minute dust particles. Pk

As soon, therefore, as the samples can be trensferred to a satis- t'
Iactory pluce for counting, the stopper of the fask is romoved and -+
earofully washed, the washings being added to the contents of the 1
flaslz, Next the entire samplo may be filtered into o prcwou=ly ‘
cleuned graduated flusk through a screen of appropriate finesess -

( - (325 1aesh) so that only particles smaller than 40 microns in diameter
y uro permiticd to pass through, If the dust suspension in tho gradu- ¢

ated flask is too dense, further dilution is advisable. This dilution

may convenientb be such thet tho number of particles counted in

. each microscope ficld is about 50 to 75. The contents of the gradu-

. . ated flask are next thoroughly asitated in order to obtuin & uniform

- suspeunsion, and two portions of about 1 cubic cuntimeter cach are

) . . - removed with a pipette so as to just fill, without bubbles, two Sedg-

. R wick-Rulter counting culls (sec fig. 17). The cells havo been pre-

viously cleaned very carefully in order to remove any adventitious

dust, and have been kept protected from dust parudcs by tho cover
slip.

In mnkm, « dust counts an cyepieco micrometer known as o * Whip-

. ple disk” is employed. (Seo fig. 17.) This disk lus a large square

engruved on it, covering a large part of the feld, and thia square ix

~ divided into 100 mediume-sized squnres, 1 of theso in turn being

= furthier subdivided into 25 very small SqUArss, Using an ordinary

" mieroscope provided with a suitablo eyepicco and objective and fitted

NOTE: 7
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with an AlLbo condenser, the proper tube length of tho microscope is
determined by culibration with a stago miccometer, so that the side
of tho Jurse square of tho evepicco covers 1,000 microns (1 mm).
{A7.3X evepicee, 16 mm objective, and a tubolength of 175 mm has
been found to yickd this result.) Tho lumro square of tho eyepiceo
ruling, therefore, encloses tho dust in an ares of 1 square willimeter;
andd since tho eell is 1 nullimeter deep, all the dust suspended in 1
eubic miliimeier of the wuter is under tha ruled field.  "This examina-
tivn is accomplished by raising and lowering the lens systom so ns to
fucus throvshout tho entire depth of the cell.  As a source of illumi-
notion av onlinary small eleetric microscope lamp may bo employed.
Iu order to provide u bizh degree of visibility for refractile objects it
is best to lower the Abbo condrnser system below the usual {ocusing
point sned to restrict the opening in the iris diaphrogm.

Tho dust is allowed 1o getilo for 20 minutes beforo counting is done.
11 general, ondy particlesless than 10 microns in diameter are counted.
The incluzion of particles Jarger than 1C microns in tho filtered speci-

oURE 15~Sulrwick-Rafter counting cell and Whipgde ecolar micrometer sk,

men would mako but little chango in the total count.  Tho average
diameter of a particlo for the purposo of this exclusion is judged by
inspection. In proctico it is necessary to count tho dust in only one-
quarter of each ruled field, the entire fickl haring been cxamined for
wniformity. Such counts on § firlds, so dispersed ns to bo represent-
ative, oro made on cach of the 2 Sedywick-Rafter cells. Theso 10
counts aro averazed, but this averugo i3 not Lo be taken as tho final
eount until a corresponding control count has been subtracted. In
2il eases 2 sumpling flask which is handled in the plant, but through
whicl no air has been aspirated, is used as the control for the par-
tirular serics of samples taken in that plant on that particular day,
sl counts aro mads on this control fluid in the same manner as on
the luisd through which the air samplo has been impinged.  The con-
el xamplo takes into consideration any dust which may be present
tn the eyepices micrometer, in tho Jenses of the microscope, in the
Mabawick-Raftor counting cell, and in the sampling fluid itself.  From
e iverngo muss count oblained on the impinger sample, the average
enteol eonnt is to be subtracted to give tho uverago not count per
“beruseypic field. '
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ber of eubic feet of air sampled.  In summary, the number of par- ) ‘,
ticles per cubic fvot of nicmavernge net count per X field times o ..
fuctor, where the fuctors . .
- 331,005 tatal volume of diluted sumple -in rubie conlimelors !
Yolume of wir sampicd i cubic fect
Tho record should show the sample number, dute, sampling loca~ .
tion, and volume of sir in cubic feet. -Tho stops in counting sbould 1
bo recorded as to date, volume of fluid, volumoe taken for dilution, 1t 4
calculated {otal volumo at fival dilution, avernge gross count per Y% Lo
miceroscopic ficld, averugo control count, averago net count, faclor '
according to abovo formula, and ﬁn..lly number of particles exprossed ', .
in illions per eubie fout, together with any additional notes, .
Table §, which follows, shows some typical dust counts obtained .
with the impinger npparatus in the various industries listed. .
Tavrx 8.—Arcrage dusl comnl in cortain duxty irodes ; -
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The average nel count per J=microseopie field is multiplied by 4 to

yield tho averaso count in the total fickd.  Sinco the Scdumck-hdh-r
enll §s 1 mitlimoter deep, this figure represents tho number of pur.
ticles in a enbic millinseter of the diluted sample,  This value ia mul.
tiplicd by 1,000 Lo givo the count pur cubic eentimeter of sample and
agnin by the total number of cubic centimeters of fiuid to which the
original specimen was diluted.  This product is divided by the num.
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Gracimetric anelysis of impinger samples~—Tho weight of the dust
sampled by the imipinger may be determined in 1 of 2 ways, The
microreopic aunlysis consitmes but o very small amount of the
sample, at times os littlo as 2 ce.  The renmining portion of the sample
may be evaporated to dryness in o platinum or other suilable dish
aml weizhed on an analytieal balanee. This weight (subtracting the
weizht of the empty di<h) will yield the total weight of the sauple
aml dividing by the number of cubie feet sampled will give the total
weight per unit volume, correetion being made for the dust contained
in the velume of water used in the microscopic analysis. To deter-
mine_the amount of organic and inorganic matter present in the
sample, the dust in the container is jynited in a nuflle furnace. Tho
new welrht is the inorgunic matter present, while subtracting this
weicht from the total gives the amount of organic atterin the sample.
An alternative method of gruvimotric analyzis consists of filtering
the portion of the sample not used nicroscopically throngh an ignited
and wuighed Gooch erueible, drving the erucible in an oven at 105°
(. for 4 hours or more, und weiching aenin.  Tho crucible may then
he ignited in a muflle furnace if it is desired to determine the pereent-
nro of organic and inorganic matter. In all analyscs, regardless of
the method used, econtrol weighta are neeessary on the distilled water
itwelf for every sot of 10 or niore samples.
During the conduet of various dust studies both weiyhts and counts
have been obtaiued on the dust sainples enlleeted by the impinger
apparatns. Tho following table shows the corrclations between

cuunts and weights on the various dusts investiguted:

Tawie 9.~Coarrclation between purticle counts and weights of industrial dusts in air

Alillions of

dount yrts
Hirlee

emrvsieut

w3 mhaliie

Sram

Numbry
weaples

Rernaines cveyl,
Ant bt ornig coml
L)

e, ,
et o) reise tag pml polishing dasts,
1 vy

Zodles

Al shieny,

.. -

It may bo seen from the results of tho above table that hirh correla-

tons caisxt botwren counts and weights,  However, 18 hus been tho
reneral experienco that weizht determinations ars moro timo con-
‘i than particle counts and requiro no less «kill in their per-
bamanee, This is the main reusou why the micruscopic method of
- dut quantification hus been widely used.

Vaantilication of eleetriest proeipitator samplcs
Pl bt colloeted on the steip of eolluloid foil wed us the colleeting

B in the eleetrieal previpitator, oy be washal into o gradaated
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. flask and then examined microscopically in a manner similar to that
used for impirger s.uuplm. For gravimetric analysis one only newla
to placo the fuil with its adhering dust into a spccul typo of wmwlun--
bottly and detenuining tho weight on an analytizul balunce, Tlm
weight subteneted from the \vnwht of the bottle and empty foil yickls
the totul weight of collected duﬂt.. Titration methods for solubl.\
dusts may be usod in licu of direct weighing,

QuenliGedion of puper thirmble samples

"The 1acthod of quantifieating puper thimble samples and the pre-
cautionx to be used in tho aualytical work invelved, have already
heen presented in defail, in that portion of tho previoussection dealing
witl: this device,

Quantifisntion of konimeter samples

The konimeter samples lend theinselves only to the counting process,
The glass plate upon which the snmples are obtained is ad;u«tcd on
P i the microscopo stand with the aid o’

p. :\ a speeial holder with o pinion similar
ydn to that on the konimeteritsell. This
D‘\ device cunbles one 1o hring the various

NN ==.=-.=r_., dust spots into view much casier than

B e s could bo attained with tho naked eve,

o ] ! Tho microscopo is provided with an

‘o “"’["L ]/ ocular and objectivo and so adjusted

}/ to give approxiusately a 200-dinneter
< magnification. Aa S-millimeter ob-
\L-ep.j/ g jective and & 10X ocular have been
Pmtre 18.—Koulmeier eculur nicroswur found to give this rerult. A microm-
. , due
‘ oter screen placed in the ocular is so
dcsxgned as to have two cross Iinex which outline 9° scetors (fig. 18).
Belore counting a sample a blank determination is run on unuswl
portions of the gl:xss plate, usually on four sectors. This blank
number, due to impuritics in the petrolatum, is subtracted from the
subsoquent counis. Tho petrolatum (vascline) generally used has a
refmctive indox of 1.48, cnabling most dusts in industry to be readily
visiblo, ‘
The dust spots arc adjusterd under the microscope so that the
scetory divide them syminetrieally.  All of the particles in one seetor
. aro thon counted ;. by rutating the eyepivee other portions of the xput
. aro brought into the sector,  Counting four such sectons on ane spet
has been found fo give a representative result,  Subtrueting the blank
and then maliplying by 10 (56° havao bheen commted and 10 tinws the
count will give the dust i the entira eircle, 360°) will givo the dust
count in tho entire spot.  Jf tho Iistrument suuples n volume of 10
ce then it i3 not necessary to multiply by 10, sinee the 36° count

- - ﬁ,...,-.‘--*W“;" :""\ir\
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| sive the numbee of particles per ee as shown in tho following

.,,pnhttiuu:

_pnber of particles in 4-0° sectors, OF 30°X10 . number particles

luce . .
per cubic centimeter.

. \tification of Owens Jet dust cownter samples
The Owens record, which consists of a linenr deposit of dust, may be
st under the tiicroscope with tho aid of & 16 m objective and
- % grronnel iamipation (g, 19). Dark zround illumination may
. bl oblaired by insorting o suilable stop nnder the substage
waivnaer, Cuouuts of the particles are senerally made uaing a ¥s-inch,
lor to facilitate counting, the eyepiecs

mmersion objeetive. In orx :
_provided with @ pet-rulud suicrometer of 1 mm squares (fig. 20).

Mith the aid of 1lis
\

.epiveo  microute-
\Bnmwmfaur

e, » count of the
. ymber of particles

QY COVER GLASS
T17Y MOUNTING DISC

v n wtrip one square \
RECORD TAHS
FIGUEE 19~=View of Owens rerord muanizd ea slide.

“iln 13 3 ade neross
sine cnlive record at

e of two places,

] an average

sien, This fizure

multiplied into o

t=etor, depending on

tw magnificaiivn used, will give the number of dust particles on the
vsd.  To determine the factar it is first necessary to aseertain the
wumber of strips in the length of the record; this may bo done uudfsr
taw magnifieation. For example, with a Z-inch objective 50 stripsin
siw lengrtls of- the record aro found; then the Jirinch objeetive, which
v fuund to magnify 10 times ns much- as the Jinch, will have 500
arips.  Suppose that 300 particles are {ound in a stsip scross tho
wond aning & Ha-inch objective ond that the velums of oir sampled
was 50 ce: the number of particles per ce will then be:

300X 500
—--5-6———3000

ound in the record, N the number

**Ii S reyirvents the number of strips { .
-{ purticles perstrip and C the nurubet of ce drawn through thro Jgt-

m taking the record, then the number of particies peree of "i"""'c"’ )

If the xame volume of aiv is used for oll the samplos !md the same

+irpicve and objective are employed, then the {actor G will remain

/e~
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coustant. ' he micro ceape shonld be supplied with a mechanieal stage
to facitittio saoving U recond aernss the fickl,
Another method of cunmerating the dust particles in an Owens
. record bias recently heen sng:',;catc(l by two Rusxian scientists, Iawan
and Liroumstein (38).  Their method is a graphie one using distA-
bution triangles, and neeording to them it is more accurato and takes
leas time than the methad given by Owens, deseribed bere. For de-
tails of the graphic method the reader is referred to the original article,

QUANTIFICATION OF POLSONOUS DPUSI3

O[ tho five instrnmants deseribed in this book, ouly the impinger,
electrical precipitutor, and, in & lmited sense, the paper thimble are
ureful in colleeting dasta which may be nnalyzed by chiemieal methods.
The thimble Lias Leen utilized for the collection of radioactive dusts,
which punrdticd the conteats to be completely ignited, in pluce, under
such conditions as o avoid any dust loss (4). The resulting ash was
then analyzed by fusion, in placo (in an S-inch pyrex test tube), with
acid potassium sulfate. Itis apparent that thc thimble may only he

used under condi
. - { tions in which it is
possible to ash the
. thimble without
iwfer |+ | lossof the material
Sepefides b o1 under analysis.

»
L]
.
.
-

Yo 1 The impinger and

. AP A L clectrical precipita-

hdiy) IEBFLA N tor have no such

" wwst 1T 710 0| restrictions plaecd

0 EL 1 on them., In the

g% NN N —.1 case of hoth instru-

. 7 Faeves I—Tsvicel Ovens st nend sud ruisdowlas dike,. ENLS 36 i3 only

necessary to collect
o sufficiently Jurge enough sample to enable ono to determine the
dust accurately with the specific method of analysis employed. A
sensitive and reliable jucthad of analysis is the other requirement
when dealing with dusis to be determined chemically. DBlanks on
tho reagents are run in the usual manner.

"Both the impinger and clectrical precipitator have been used for
tho collection of such dusts as Jead compounds, zine compounds,
cadmium ¢ompounids, cte. Specific methods of annlysia aro usad,
depending on the material and the quantity present in the rample,
Yerhaps a singlo example wiU suffice to illustmte the technie involved
in tho analysis of certain poisonous dusts, nawely, the.determination
of minute amoumts of Jead colleeted Ly the upinger npparatus, using
lmd-frm distilted water as the cullcctm-' weditm (5) (39).  The sune
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ples ths obtained are analyzed in a centrl chemical Inhoratory using
Jend=frve renzzenta.  Themethod which ig extretecly important, follows:

Fifty cubic contimetem of 1:1 nitric acid solution ere added to the
sample and the mixturs i cvaporated to dryness on a .Imt. plate.
(are shonld be taken to avoid spattering.  The rezidue is digested
with & cubic eemimeters of 1:1 hydrochloric acid solution. The
wixiure is evaporated to o volume of shout 2 cubic contimeters and
diluted to 100 cuble contimeters with distilled water.  JIn eases where
the original residue is small the dilution at this point is halved, The
solution i neutralized with 25 pereent sodium hydroxide till just
alkuline to 1rethyl orange {use & pereent aqueous mcl.h.yl orange, 4
drops) then (1:2) hydrozhloric ncid till the fainiest pmk. nppears.
Cuaol. DPrecipitate by passing H.S gas through the solu_.tmn for 1
hour. Stand over night. Filter on a 12.5 cin Wh.-umm'x No. 40 filter
paper.  Wash with freshdy prepared H.S water to which has been
ndiden] 0.1 pereent of its volume of IICL o

Wash the precipitste off tho paper, using kot (1:1) FINQ,, into the
beaker in which the sulphide precipitation wns made. Wash well
witli hot water. Wash down tho sides of the beaker and the inzide
nnd outside of the gassihy tube, using hot (1:1) 1IINO; followed by
hot water. Remove the gusaing tube.

Evaporate the solution to a small volune on a hiot plate and transler
jua 100 cobienker.  Add 1 ccof 1130, (specific gravity 1.84) and cvap-
orsietofumes of 11.850,. Cool. Takoupin 30 coof aixturcof 10ce
95 pereent, ethyl aleohiol (C. 1) and 20 co of water.  Stand overnighl.

Filter on o T em hard filter paper (Munktell No. 1-F). \Yush the
beaker und the paper thorvughly, using a solution containing 1 ce
IS0, (specific gravity 1.84), 10 cc ethyl nlmlfol (C. P.) and 20 cc
wnter. Discolvo tho preeipitate ofl the paper into & G600 ce beaker,

- - using 10 cc hot 10 pereent annuonium acetate, followed by hot water,

1t is well to wnsh the beaker first and decant the solution through the
*filler,  Dilute the filtrate to 300 ce, using cold water, add 2 drops
HINQ, (specific gravity 1.42). Neutralize after adding 4 drops of a
solufion of methyl red in 50 pereent alcohol, by sdding 25 pereent

NsOI} to wlkalinity, then (1:2) 1ICl to a faint pink color, then 1 ge -

ol (1:2) J1C1 is added in cxcees. Cool. Precipitate by passing H.S
s thrmngh the solution for 1 hour. Stand over night.
" Filter ax before with extreme thoroughness. Dissolve t!\o sul-
. phindes fruin the paper with hot (1:1) IIXO;, éatehing thesolution and
wasbimgs in the besker in which the snlphido precipitation was made,
Wash the paper thoroughly with ot water, and wash the sides of
e henher and the fngide and ontside of the gussing tuboe with hot
) UNO; fullowed by bot water. Remove the mssing tube.
Rvapotate the solution 1o g small volume, 1 to 2 er, and transfer it
a1 er beaker, Diluto (o 80 eo with culd water.  Neutmlize,
e mbiinge drups of an ngueois solution of phcnulphtlm‘h-in (¥4 per-
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cent in 1 pereent NaOID), using 253

~ 25 pereent NaOll free from iron and

aluminmn,  The solution is made alkaline.  An excess of 5 drops of

25 pereent NaQll iz added,  Acidify with 5 percent acetic acid till pink

color just dixappears, and add 2 ceof 5 percent acetic acid in exeess.
Iirisig to o boil and precipitato as chromate by adding 1 ecof o
1 pervent K CrQ, solution.  Pluco on a steam bath 1 hour and stand
in & wann pluce at least 60° C, over night. Filter on a Munkicll
No. 1-F filter paper.  Wash benker earefully with hot water and tho
puper very tborvughly with hot water {o remove all possible traces
of seluble chrowate, Dissolve the precipitate from the paper, into
8 250 ve volumetric flask containing 100 cc water, using 13 cc cold
(1:2) IiCl, followed by cold water. TWash the beuker and rod and
deennt throngh the paper, '
1n 2 230 ee volumetric flask prepare a stundard eontaining sufficient
K.Cr:0: solution to be equivalent to 0.30 milligrams of lead, pro-
cipitated as PbCrO,. Add 100 cc water and 15 ce cold (2:2) HCL
To cach of the ramples and the standard add 2 cc of a 1 percent
solution of s. diphenyl carbazide in glacial acetic acid. Dilute to
259 ce and mix thoroughly. Estimate tho lead in the samples by
camparing the intensity of tho pink colors, using » culorimeter,

The following tables present some typical results of lead determina-
tions using the impinger apparatus for the collection of the sanples and
tho mothnd just deseribed for the quantification of these samples, It
may buobserved that theinstrumdént and ;method of analyvsis is eapable
of yielding results, ranging from the ininute amounts of lead found in
streets to the greater gquantities encountered i a lead storugoe battery

pliat. Tamax 10.~Lead contenl of air in ¢ sterage battery plant
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IV, TRE DETIRMINATION OF TITE CHARACTER AND COWOSITIO‘\'
OF INDUSTLIML DUSTS

With refcrencc to fibrosis-producing dusts it has bean demonsteated
during the past fow years that the propertics of a dust which deter.
mine Sts enpacity to produce pulmonary pathology are tho nature
of the dust, that is, its mineralogiczl composition, its particle size,
and finally the quantity of dust dispersed in the atmosphere. The
instrutnents and melhods vsed in determining the quanut) of dust

"in the air have already bren trealed.  The present section discusees

the other two characteristies of dust which are of importance m '

industrial hygicne studies.

SIZE OF INDUSTRIAL DUSTS

So far as the size of the dust particles i» coneerned, it is apparent
that in order for any given dust to produce injury to the lungs it
must guin access to the parenchyma of the Juaygs, the site where the
harmful cffects of who dust take place. 1t hins alrendy been shown
thot not all of the particles of inhaled dust guin access or are re-
tainéd by the human lungs. For these reasons it is of somo value
to determine the size of the dust present in the industrial atmos-

" pheres.

It bas alao been demonstrated in the previous section that par-
ticles of o sizo greater than 10 microns in longest dimension ire very
seldom found in the Jungs., This absencs of larger particles has beea
shown to be partly due to the fact that the number of such: particles

o greater than 10 microns in size present in industriul air is compera-
. tively small when particles in tho lower size range are considered.
Due to gravity which causes rapid settling of suapensions and duvo
to tho protective action of the wucous surfaces of the upper respirn-
tory tract, these larger particles do not penctrate to tho tenninal
portions of the lungs, Heuce, it is obvious that atteation should
only be given to thuse particles which are less than 10 microns in
longest dimension. ,

Instruments and methods uwsed in determining particle aizd of dusts

- " Tho obvious procedure for the sampling of atmospherie dusts for
' particle-sizo studics would he to employ the samo instrument uti-
lized in mampling dust for quantifieation.  In tho past, however, the
Owens jot dust counter has heen employed estensively for such
investigations, although of late inpinger samples have been utilizesd
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for this purpese; compurative results hetween the two instrumenta
will be shown in 2 lafer portion of this disenssion. ‘The Owens jot
dust eounter, deserib:ed in section 11, obtaina a rxample of dust from
the air in more or Iess unaltered eondition, sinee with this device the
atmospheric dust is dircetly projected on a naked cover slip.  More-
over, the instrument is small, compaet, requires only hand power,
amd somoles are obtained quickly and easily without uceding much
skill of operativn, Quee these smuples have been obtained and
mounted in a manner already deseribed, the dust particles may be
weasired by the use of a filar ocular micrometer at a magnification
of 1,009 diamerers (il immersion objective) (10). The horizontal
dimmefer of at least 200 duat particles in several representative fichls
are measured for each sample. With this magmification it was
found possible to measure particlez as small as 0.5 micron in size,
while partirles smaller than this sizs are casily distinguished at this

magnification and their presence recorded.
Photegraphic metlicds have been sugge=ted and used for measuring

dust particles, but in order to obtuin good photomicrographs it is

exsentinl that the dust particles be in one plane, free from Brownian
movement, and well dispersed.  Sinee induatrizl dusts are scldom
of a wniform size, it iz difficult to fulfill the first requircment, Com-
parisons have been made between the results obtained with the
dircet filar mensurements.and the photographic method on typieal
industrinl dust samples. This comparison demonztrated that the
sampler and less expensive filar method yielded practically the same
reaulls,  Since the Glar method fulfills the requirements of this probe
lem it is sugzested for use in sach studies,

Onea o sample bas been ncasured in tho manner outlined, the
" “results of such readings may be amalyzed in the form shown in the
following table, This table presents the sizo-frequency distribution
of varions industrial dusts and compares these findings with outdoor

duxt,
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An examination of the data in tablo 14 discloses & striking differenco
between the sizesfrequency of outdoor. dust and indoor industrial
dust.  Niuety-seven pereent of the outdeor dust particles were found

: . to bo of a sizc loas than one micron iu dinmeter, with a median 2 of 0.5.
i ) Proctically no dust purticles larger than 1.5 microns wero found to
; ' exist in outdoor air. These results on tho size-frequency of outdoor
dust are sitilar'to those obtained by Owens in London.  1n contrast
with this resudt it is found that only 8 percent of the industrial dust
purticles are less than 0.3 micron und but 32 percent less than 1
micron. The average (median) size of these puarticles wus found to

e FRRTICLE-SIZE DSTRIBUITON SF RNTHRACITE COAL DUST
BRSED ON PIEISUREMTENTS OF [ 500 PALTICLES
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bo 1.4 microns. 1t is evident from tho results shown in table 14 that .
tbe majority (60 percent) of the dust particles present in tho indus-
. trial atmospheres investizated was found to be between 1 and 3
b o " .- micruns in averago diumeter with but 7 percent of the particles ex- .
cecding 3 microns,
Cte “icure 21 shows a typical gruphic illustration of the sizo distribu-
tion of industrial dusts, platted from snmo of the results in table 14.
_Figurca 22 and 23 arc photomicrographs of thess dusts, indicating
visually the size of the dusts encountered in industry. )
1t may bo said that sinco the impinger apparmtus is used to colleet
minples for dust counting that the samples obtained with this instru-
ment chould nlso be used for particle-size measurementa.  This would
be  just eriticism il the two instruments disl not colleet the significant
—_——— _
¥ Tue sl v by tho exuter Hem in an array and Ay be stricily defited sa n point ou the abecimal scabs of
B Ivpirney dmtributlon with 20 [otvrat of the items uh ciiscr 2idd,
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siras of dust puriicles with the sume degree of efliciency,  The Oweny’
gamples lend themselves more readily for purticle-size measnrementy
than do impinzer samples, sinco the snmplc in tho form obtained is
imnediately available for microscopic exumination, may be readily

: plmtw-r:xplw-l and moreover collects the dust dircetly on a cover slip

In pre u.uc.dly' the form it exist« in the atmosphcro. In order to deter.
mine the sizes of porticles obtained by the two instruments compara.
tive studics were made on geveral samplcs colleeted with tho Owens
and Impinger. The Impiuger samples were prepared by placing
severul dmps of the dust suspension in tho water on & microseopo
slide, evaporating tha water sapidly on an clestric hot pliate, and
covering the smear of dust witih o cover slip. The particles wero
measured under oil immersion with the filar micrometer method,
Tuble 13 proscnis the eumparalive measurements sud indieates that
n very close reistionship exists between the size of dust particles col-
Jected by the two instruments. Ior all practical purposes, therefors,
the Owens apparatus my be uscd in co.lccuug dust samples for
preticlo-size studies, ,

TaBLE 15.~=Cumparison between I mpinger and Ouwsne dust measurcments

N Owems Imprigrer
-Siae rovpy 1 micrass
Number { Poreent Yenewml | Nusuber
[ o %y L e] (4] *Le L1}
[ 7T nt SA3 e b o)
1=1.19 it ] =.6 Y =
LIt 99, 43 [3] 40 o«
*2.19, 1 X ] 17 =
284 10 L2 L3 [}
2. 44 [ ] N J -4 4
Tolrle e e T 0.0 loLe us

COAMOSITION OF INDUSTRIAL DUSTS

The mcthods used in determining the compoxition of certuin
poisonous dusts, such us lead compounds, have alrendy been dis-
cussed in tho previous chapter. Concerninzy the so-called “[fibrusis-
producing dusts”, the work of the past 20 years on the problem of
dust inbalution has demonstruied that, in general, the degree of
health Jiznrd associatrd with the inhalation of any dust, all other
factors remaining constant, is dependent upon the miueralogicnl
composition of the dust. For examuple, it is-now established that the
inhalation of certain types of dusi, such a5 granite dust (2) will in
timo jruduce fibrosis of the Jungs, frequently associnted with.tubers
culozis. ln other cases exposure to dust may result in the production
of a far lexwr degree of fbrusis without subsequent tuberculosis;
this i3 true of cemcnt dust (11). And finally, thero aro certain ty pea
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of dusts which produce little Jung fibrosis, as typified hy marble
dust (12). I geneeal, 3L has been fnu.ul that those dusts whicl aro
hizh in quartz content are the ones which most readily prodduce a
disabling fihrosis of the Jungs, Ilenece, the necessity for knowledge
converning the chemicn) and mineralozics] coniposition of a dust is
ehvinus,

Coneerning the cheinieal composition of various minem! dusts
fostd in industry the reader is referred to such treatises on this
subjout ns Tho Analysis of Silicate and Curbonato Rocks, by W, F.

. Hillebrand (43), and The Commercial Granites of New England, by

T, Nel on Dale (44), hath of the United States Geological Survey.

It has been found, however, that o chiemiceal analysis of a minerul

dimt will nut disclose the various percentages of minerals existing in
sl dunt, For example, a chemical analysis of granite dust will not
reseul Lo pereentage of quartz present in the dust., but will enly tell
the analyst the total silica, combined and uncombined. For this
renson there is presented herein a discussion of this very vital subjeet
with reference to ono of tho important industrial dusts—namely,
aunrtz-containing dustz, Much of the material which follows is
taken from an article prenured by Dr. Adelph Knopf, professor of
physical geology at Yale University and consultant to the Thnited
States Public Health Service (45).

SILICA

Silics is tho name given to the chemical compound silicon dioxide
(5i0)2), 1t oecurs in nuiure most corunonly in the erystalline form
m: the mineral quartz.  Severnl other minerals are alzo composad of
vilien, for example, tridyite, eristobalite, opal, and chalcedouny, but
in comparizon with quartz they are relatively rure.

A fome-establisbed convention has led to the reporting of chemical
unalywe of rocks and juinerals in torms of certain chemicul compounda
(waally oxides) rather than in terms of chemical elements.  During
nnulyais tho silicon is isolated in the form of silica, and cunsequently
the chemical anulysis of zn svernge granite, for example, is reported
ui eoninining 70 1n'm.'nt of silica. About 20 pereent, or roughly one-
thind of this granite, consists of quartz, wherens the other two-thirds
of the granite i made up chicfly of minerals that are comples salta
of silicon-benring ncids.  Such mineruls are known as “silientes.”
The retuninder of the silica reported in the chemical analysis of the
amnite, amounting to 40 percent, is locked up in the silicato winerals,
vhiclly feldapar aml ek .

The distinction between free silica und combined siliea
This arbitmry convention of reporting ek and wineml anelywes

i terms of oxides has neeesitated the use of the expressions “fn-e
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