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deiermine its capacity to produce
pulmoary pathology are, the na-
v ogure ol the dust, that is, its chemical
and mineralogical composition, its par-
s ticle size, and finally the quantity of the
% dust dispersed in the atmosphere.

&7 One of the outstanding results of the
- Jast 20 years of research in the field of
. dust inhulation is the demonstration of
the fuct that, in general, the degree of
¢ health hazards associated with the in-
¥ palation of any dust, all other factors
¢ remaining constant, is dependent upon

4 T'H i properties of a given dust which

. dust. For example, it is now well estab-
lished that the inhalation of certain

times associated with tuberculosis.

In other cases exposure to dust may
result in the production of much less
fibrogis without notable tendency toward
subsequent tuberculosis; this is true of
cement dust.  And finally, there are
certain types of dust, as typified by
¥ marble dust, which in the quantities and
% lengths of exposure so far observed pro-
© duce little lung fibrosis, In generul it
has been found that those dusts which
are high in quartz content are the ones
which produce a disabling fibrosis of the
Jungs most readily.
. So fur ay the size of the dust purticle
is concerned, it is apparent that in order
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for any given dust to produce injury 1o

% the lungs, it must gain access to the
% patenchyma of the lung, the site where
© the harmful effects of the dust take
o place. 1t is known that not all of the
& particles of inbaled dust gain access or
are retained by the human lung.  In this
connection i is of importance to have
¢ regavd to the size of the dust particles
preseat in the industrial atmosphere.

©  With reference to the guantity of dust
o presenit in the air of a workroom it is
s gpparent that when the dust concentra-
.. tion 15 high the exposed person will
" inhale a greater guantity in a given

:s&ijtury Hngineer, United States Public
. Health Service, Washington, I, ¢,
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i the mineralogical composition of the |

types of dust, such as granite dust, will |
in time produce fibrosis of the lungs, at |

*

By J. J. BLOOMFIELD*

4 siady of the dust content of the workroom atmospheres in
various dusty industries

period of time than he will when the
dust concentration of the atmosphere is
relatively low, and since the rate of pro-
duction of the fibrosis is partially de-
pendent upon the rate in which the dust
is inhaled, this latter item plays an im-
portant role in prediciing the relative
danger of different environments. Hence
the need for evaluation of the quantity
of dust in the industrial atmosphere is
obvious.

Nature of Dust

Research on industrial dust inhalation
has indicated that so far as their fibrosis

producing qualities are concerned, dusts -
| may be divided into three groups:

1. Those composed completely of combined
silica (silicates) such as pure ashestos.

2. Those containing free silica in the crystal-

" line form known as quartz. (Granite con-
tuins approximately 35 per cent of
guartz.)

. 3. Dust containing free silica in a non-

crystalline  form, ‘such as diatomaceous
earth, '
In general, it has been found that the
harmfulness of a quartz-containing dust
is in direct proportion to its quartz
content. For this reason it is of the
utmost importance to ascertain the exact
mineralogical composition of a dust in
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atterapting to evaluals its daroduloes.

It has been ouwr esperience thar to
detennine the exact mineralogicnl come
position of a dust one should resort 1o
a combined chemical and petrographic
analysis, By no other method have we
found it possible 1o detecmine  the
amount of quartz present in a given
sample. v certain instunces, such as
a mixture of quartz and pure potush
feldspar, it is possible to deternsine the
amount of quartz present werely by
chemical analysis,

However, most dusts which come into
question are mixtures of quartz and
siticates. The averags granite is made
up chiefly. of three suineruls in aboat
the following percentage proportions:
feldspar 60, quartz 50, and ica 15,
Chemical analysis shows that this aver-
age granite containg 70 per cent of silica.
Of this 70 per cent, 3 per cent is pres-
ent as quartz (free siliva), and the otber
40 per cent is present us combined silicu,
in chemical combination with other min-
erals that make up granite. i is possi-
ble to determine these propordons only
with the aid of a petrographic micio-
scope,

In practice, swmoples of dust settied
out of the atmosphers at the breathing
level of the worker serve admirably for
both chemical and mineralogical deier-
mination, ‘Table 1 presents the quartz
content of dusts obtuined in varicas in-
dustries which we have studicd,

Kind of Dust
Granite cutting dust

Brass foundry dust ..................
Dust from raw mills in cement plant
Slate mill dust (Vermont red slate)

Aunthracite coal dust
Bitwimninous coal dust
Cement dust

TABLE I

Percentage of Quartz Present in Various Indusivial Dustg

Rock drilling dust (bitwminous coal mine)
Rock drilling dust (anthracite coal MINEY)

Silverware polishing dust ............ ...

Slate mill dust (Vermont green slate) ...
Tale mill dast ......... ... ... ... ..

Percentuge
of Quarty
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TABLEII .
Average Dust Counts i Certain Dusty Trades
- Dust expostive Average .
‘ : in mitlions per cent of
Tadngicy and Decapation of particles quartzin
. per cubic foot dust
’ None
Nong
None
None
o1 s wl ndermen c. 0 S None-
Slate Iinishing Millss T 3.
FIOormien .o oo ca oo b 98 3
|r)1(|u1 D PP S s SR LA 1276 5 3
crushier operators ... .00 00 EE SRR Aaoa e 312 3
Onares Grd fridingg Plant: ’ 99
A (H vpers AtOLS 99!
99
99 ke
Giranite (Quarrying "mcl Tinis hnlg : 35
]Qur; r]i!“(ln ............ “.‘..‘ ...... ) 144 : 35 R
Jack-haviimery deillers oL L0000 e i e e v e 112 35
Hand poenmatic tool fitishers 0005 00 PR 59 35
gmu hinepnedmatic tool fimighers .0 oLt ol 36 35
Cdrillers o e e TR Ve 37 a5
i Lang fabor Grdoors) w.o o oo i o 17 35,
Anthracite Coal Mining: S 15
Miners and Helpers Coon . PR P P N 232 1.5
'\Uvm{,nl ](il‘l()l P S N B O T S TN 31 1 5
Pitaminous Coal Minieg: : : 1.2
Coal cutters and Joaders ... e SR i e 1z .2
Altendant Rbor oo Ve e o4 1.2,
Worble Culters 00 o0 0 e e PPN , 33 None -
Cotton Cloth Manuiscturing . Notie
Carders ool e T AN .9 Nodie
W fad spInmers ool Ve e Veien o B } Noite
ity o Manwlacturing: P 1.7
‘ yostades Lo T o T O T A S 5 3 1.7
W«swuttv{ru]e“ ............. VEL CEE e 2 1.7

~of atmnqphcnc pollution, The de

-in the microscope, thek refractive prop

interest in this problem is in the fnduy

~ mospheres, not yet known to be barmfvd,

¥ by evident from this table fh}ﬂ rock

drilling ovcupations in the coal mmmg.‘

imbustry and certain oc cupatums in the |

mravite coiting industey and in brass
foundrics would be in the hazatdous:
cluss ws judged by the pxraportmns of'
qunres in (hie atmospheric dust,

I has been dethonstrated thal par-

ticles of dust of a size greafer than 10~

te 1 microns inlongest dimension ave
very seldom fowmd in the hmgs

¢ fnet
particles greater than ten microng -in
size present in industrial air is, a8 oM~
parm with the lower sizes, comparative-
sty Turthermore, these larger par-
tlf. s do nol penetrste 1o the termingl
portinng of the regpiratory tract, Hénce
we need only cdncern purselves © with
those dost particles that are less than -
ten i in longest dimension; :
fn oeder to agceriain whether or not |
an industrial dust is capable of gaining
acees to the hanps, it 18 necesgary to
Lrwe something of the size of the par-

This
1w oof larger purticles is partly due -
that_the numbers of such

ticles in the dust under cvnsidemtidni.

~In practice the samples for patticle size
studies may be obtained by the use of -
-the Owens jet dust counter.
* vattage of this instrument over. .other
~deviess is that the Owens appamtus pro-

THe ad-

jects the atmosphenc dust: in unaltered
condition dlroctly on @ microscope

. cover-glip, | This cover-slip may then be

pmpeerly mounted and exdmined by uny
0 e-oﬁ s&vera} methud‘; Lo

Quantlty of Dust

tmu

hy means of 4 millimetet seale. N
matter which method one uses for pa

ticle-size measurements the results mmf
he treated in the customary manner,

_cerning the lower thze limit of potential-
ly hazardous dust is not so conclusive.

. microscopically 120 dust particles ob-
tatned from {wo pecxmehs of silicotit.
~lung, found that only 13 per cent of the
‘patticles were fess than 0.5 microns awd.

_tajority of the particles, 60 per cent,
. were between ore and three microny it
o ostae.
: fbund to be: 1‘23'

in mmthu' method & mncrophotogmph .
‘ of the dost is made at a high magmﬁca~‘ ,
the particles 1evealed ‘on atl ens
Jar, ged ptint or screen may ‘be measured’

::1. o Teen <o obtrated, ’by Mﬂvmgw :

atmosphere. is very important sigies Wl
any given dust the rate of - prmlucm
of the injury will b dcgmntlmu upnni
{otal quantity inhaled.

From tlie . practical hygwniL e
pomt the particle count is at pre
the best quantitative index of the deg

1

as to the size range of the particles whic
should be incladed in the dust count !
4 questipn requlrmg careful wm;daa,
tion, - Obviously the size of the swalk
visible particle will depend on the ug:
nification and type of ‘llumination el

erties of the. dust 4nd to some extent
oh. the visual ‘acuity -of the obseryer e
© We must bear in mind that our chiel

trial hygienic aspect. * Primarily: we re
interested in differ phtiating between th
dust content in the ordinary normal 4t

and certain industrial dusts which wt
known to be associated with lung dam
age. 'This difference is sharply marked ‘
so far as the dust’ patticles betwren
approximately one-Ralf and ten miceon
in diameter are concerned; but the dif-
ference between. sich u(nmal and ab-
pormal air is masked ahd lost when we
include in our determination the par
ticles of ultra-microscopic size which ar¢
present in vast nurdbets in all air.
So far as the ypper limit of pariicle ”‘u{‘
I
|

=

size is concerned it ‘has been demon-
strited by the Sbuth African studics
that particles greater than ten micron
in longest dimension are, as a rule, of
neghgnlﬂe 1mportance ‘I‘he data con

Moir of South AfﬁCa, who examited |

about 36 per cent of the particles were
less than one micon ih diameter. 'The

“'The median Hize of the dust wis
icrons in dinmeter,
‘the size frequm

' the parucw |
he patticles miedsared by hnn nf
- sputumn of wmen
Sfound “n o closi
These findings hitie

The particles may be grouped in Clisses e

according to size, from which & perr:ent—

‘mge distrlbutmn curve is easily obtamed

As pointed out earlier, a lumwledga of L tie

rho qucmtity of dust dmper%cd in thel j
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(( owimned frum pa‘

divect or adirect of the ot retentlon
of minute particles  of dust by  the.

hungs, what eviderice is there that ap-

prociable ) crwmrws af urdmary induss
dusts ever fragment into, those

{eial
misite sizes lesy thm 0 5 mlcmm in
rhmrneter?

The hest answer: m this q‘uestion“@
would be data of actual measurement
Unfortunately we have
but svant published data on the p«lrtmle‘
size Trequency of dusts in the air of in-.
Th 1929 I‘ehnell?‘- :
made sotie particle size teaslirements
itr connection” with the dust study of
hard york deilling in New York City.

of such dust

dustrial establishments,

Yo veported the fitidings on thede sam-
ples, which showed the dust which was
fess than 1 omicron in size to vary from
L to 15 percent. Most of the dust in
these hard Pock drilling eperations was
between 2 and § microns in size.  Bad-

ko, in studying the dust hazard among- L
-~ ding or shppmg is prac’dcally a danger

aandetone workers in Sydney, Australia,
mensured some 16,000 particles of dust
m the oir of work places and found that

7 ner cent of these particles were about
i wieran iy size, ;e

Yu o purticle size study of 25 samples
of eleven different kinds of asvial indus-
frial dusts made by the filar micrometer
pethod at g magnification of 1,000
Aimmm, the speaker found that prac.

walle all of the dust was Jess than 5
icreng In size, Ondy 2 per cent of the
particles were leas than OS micmns. 21
per cent were less than 1 wdcron, and
the pajority of the dust, 71 per cent,
was Fasnd Lo be between 1 dlld 3 mu,lonr*
in diameter,

Trozn all-of the evidence therefore,
anl in the absehce of conclusive proof
i the contrary, it is apparent that we
peee] only be concerned with those: dust

4 from a practical standpoint
the lower !mut of particle size to be
weonted may well be taken at about one
micron,  Many methods have been de-
wized and used for vhe purpose of deter-
geining the quantity, of dust in air,
Soffice it to say that for the purpose of
tust sampling o either high or low dust
Cone viond,  the Greenburg - Smith

Bmptugsr apparatus now finds universal
fuvor.  This instrament has been tsed
United States Tublic Health ©

By the
Servies in all of its dust studies during
sopast nine years awd is also being
pead by other workers in thig field in
this conniry . and ahreoad.

. Owing to the high percentagé of quattz |
grind-" conditions.
vitig and granite cuthng plants, as com- -
‘pared with the dust in the other indus-

I tries listed in Table 11, qudrtz grinding .

iclea brlwvcn one-half and 5 microns’

a5 made numerous investigati

dust_hazard in many industrial estab-
“lishments throughout the country. ' In
Table If, 2 summary is presented of the -
average: dust content of the ait.in a few .
. of thesedusty industries.
,cleariv shows that the highest dus

"Thig: mhie

posure wis in the talc mines, slate fini
ing mills, quariz grinding plant,
mining: and granite cuttin i

m“esnm in-the dust of the qu

we have ‘\tlldlﬁ‘d
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The Drlver and His Truck
€ (“ontmued from page 25)

of the past;

The question naturally - arose; “Why ’

would a six-wheel truck pull easier or

- coast farther than a four-wheel truck?”

Consideration of the following facts,
gives a simple explanation. .

On a four-wheel truck at least 90 per
tent of the payload and body is carried
over the rear axle. A paved road seem-
ingly level will, upon examination, prow

to be a series nf litle waves of varying -

heights.  As you follow a passenger car
or truck along one of your best paved
city roads notice the rear end of the
vehicle bobbing up and down. This

means that the load must be lifted vers.

tically every time it passes over a little
bamp in the road.
it takes hut 30 pounds to pull a ton

along 4 road, it takes 2,000 pounds 10 i work was organized on the railroadi

Jift it in a vertical direction. This con-
stant lifting of the load is accomplished
by power developed by the engine.

In a properly designed = gix-wheel
vehicle the two axles are pivoted at a
central point. 1f one of the axles passes
over a four-inch bump in the road, the
pivot point and the load are moved

upward not more than one-half this dis-

tance. Due to flexible spring mounting,
the lifi of the load will probably be
cousiderahly less thun one-half, In other
words, the load rides along practically
on a level while the axles bob up and
down over slight variations in the road
surface,

Government statistics show that the

‘*_Pff[',‘ Bl the road st Kh wle
Whai Doeq the Worker Breathe" mi“;if’wheiv fad sl by an e
ot Fhe reat. uxle of the four-wheel ¢y

Durmg the past nine years the wrfter s

'opemtmn of motor vehicles is decidt)

Clavgely 4t the Gme of purchase. W
and granite cutting are revealed to be .

“\the most ha?ardou:; Of fh& ou:upatwna " take: proper safe Of };m-, BGuipsment af

R s&t:sfactory risults. are to he oltail

PR 1mpo$sihfm howew.r to obtain mt”
- isfactory operation from a truck wh M
 does not fit t‘iwe operator’s requlrmnn i

Safety Agent, New York Cential t s
Remember that if * ‘kinds happen on the stearn raflroad

1913 there were 3,715 deaths fo rn

-still thousnnds of deaths and injurie

~ fronting them. = The safety moveien!
 still needs more aggressive leaderghip.

riying the same load.  Decret
slwcks wili of cpmse. increaye the i
ie .chags body, at the s
& the fatigue of {
jors tefl vy that th
mn dr:ive ng -distances  with
v any four-wheel vehich
Intdicated thal il
dnd: pulls ensler;
expeﬁt 4 cotrespod

‘ I pt.ﬂ t‘

er lodd on six "*n“j
2 dverage from 10 1 1
nder 'a&fium! o‘pms‘nl,érﬂs

The possibi lity of safe and econdrh

assume that. every - et operator i

3 \
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THE Safety Sectlcm, American Rt
way . Aémciétmn Held a very am
cessful Regiorial ‘Safety Conference i
St. Louis, at the Statler Motel, on Marl
22. A prograr of outbtamhng value wak,
presented in’twd. sessions,

During the day Charles ., Fill, mi

Chairman of the Safety Section, At ?3
can Railway Association, called atiet
tion to some steiking f"u*t% in yaftrosd |

safety:’ Acciduntal deaths on ruilrowds
he said, amotnt to only five per cent ol
the antital acchiental death toll, i o
one per cent of the serious injuries of 4l

e

There has been only one year since salely

when accidents did not decrease. v

road employees, in 1932 there were only |
557, In 1913 there were 171, fas
injuries to employees, but in 1933 on
17,400.  Thus casualties to emplm et
bave been reduced 85 per cent in Bl
years; and pu:qenger fatalities in the i
same time have been reduced 02 pit
cent. e R
“However,” satd My, Hill, “there an

happening to employee‘; and othm !
the railroads each year anel the ratlvouds
still have & very-serious probleny cop-
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