FILE NAME: Eagle-Picher (EP)

DATE: 1936

DOCH: EPO36

DOCUMENT DESCRIPTION: Book Excerpt - Industrial Dust



R . B Y o St T et

i

| BTN T o -

: KSR : o

. INDUSTRIAL D L
}fynzcmc Sionificance, Measurement

; . and Control

i . ) BY
PHILIP DRINKER, .., Cu.B,

Frofeseor of Industrial Hyglez Et&rtum
&de’ of Publie E{é*&“’!

. o - AND
P THEODORE HATCH, BS., 8.3

Fuatructor ¥u Industrial ‘bam,clmn, Zx'czrx:zrd
Bckool of Public Healih end Hartard
Graduale School of Engineering

Pirsr Enrrion
Breorp Yurressiow

5 13
NEW YORK AND LONHON
1936

N i T d{cgﬁ\,v,}m,]; *3001\. COXW@NY Ise.

A it e - s

- e v e ———— e m e st AU = oot = e 0 @

RS

i.
i-
=
i
M

[P




-

L O g e oY

... Collection of Sample=—Measurement: S¢

CONTENTS

Piax

CHAPTER I
Paysicar ProrerTizs or Dusts, Fomes anp Mwra. . . . . . . . 7
Definitions—Settling Velocities—F 10cculat10n-—~Wet’tmg--—-Elecx‘rx-
cal Properties—Optical Properties.
CHAPTER U
£rrecrs oF Dusts anp Foumzs vron Max., . . . . B

Respiration snd Pneumoconios 1s—-—thcoas«-Asbestmm—-—Tomc
Dusts—Metalfume Fever—Allergic Reactions—The Dusty
Trades.

CHAPTER 111
Paysical aND CHEXICAL FACTORS IN PNEUMOCONIOSIS . . . . . . .
Quartz—Hardness—Solubility—Silicates, Asbestos, Sericite—The
Silicosis Poteney of Dusts—Particle Size—Diflerential Di: integraa

tion and Selective Settlement,
: CHAPT

PerwissmLe Dustivess, . . .
The Retention of Inhaled Dust———%sh of Ducted LUH?S"""\)t'Uld“IdS
of Dustiness: Quartz; Coal; Cement and Lirestone; Lead; Zine
Oxide; Manganese—Limitations in Standards.

CHAPTER V

ER IV

Tas Dusr Survey . . . . .
Historical—Outline of Survc}-chmremonts and Lummtxom; of

Tust Determination.
CHAPTER VI
Duost DETERMINATION. .

Settlement—I" 11t13txon~—[mpmgement I\ommett:r Oweur Appa-
ratus; Continuous Recorder.

CHAPTER VII

Dust DerervinaTion—(Conlinuwed) . . . AN
Impinger: Lightfield and Darkﬁe‘d Countmg T rndalimeter
—Flectric. - Precipitator—Thermal Precipitator-—~Comparison of

Sampling Instruments.
’ CHAPTER VI

DeTerRMINATION OF PARTICLE S128 . . . . . . .« o 0 0o e
sreen Anelysis;

Elutriation; Determining Size of Submicroscopie Particles—Graph-
ical and Mathematical Analysis of Particle-size Data.
vii

20

43

2

1

110

133

Microscopie; .. ...




viii CONTENTS
Paor

CHAPTER IX

T Caeuical AND MINZRALOGICAL ANALYBES, . « o - ... .. 183

(Collection and Treatment of Air-borne Dust—Recovery of Dust
from Lungs—Determination of Free and Combined Silica—Cora-
bined Chemical and Petrographic Methed—Immersion Method—
Composition in Relation to Size of Particles—Microscopy of
Sputummldentiﬁcation of Asbestosis Bodies.

CHAPTER X
CowrroL oF TEE DUST Tazarp—CENERAL . .« « + - o oot 167
Medical Control-—Elimination of Sources of Dust-—Preveniiog
Dust Dispersion: Segregation; Enelosure; Wetting; Local Exhaust
Ventilation—Personal Protection—Housekeeping.

CHAPTER X1

Desigy oF Locas ExRA0ST SYSTEMS L
Dust Dispersion: by Dynamic Projection; by Air Currents—Con-
trol of Air Currents—Aerodynamic Characteristics of Eshsust
Hoods—Hood Dcsign«—Determining Required Rste of Airflow
into Hoods-—Static Suction 88 an Index of Hood Operation—
Txhaust Piping: Besic Equation; Future Expansion; Layoul—
Transporting Velocities—DPressure Y.osses—Power Consumption
-—Pipe Design—Pipe Construction——Source of Suction: Laws; Con-
struction; Location of Fan.

. CHAPTER XII
AIR-CLEANING APPARATUS . o« o« « * " e e e e e e
Amount of Dust Collected—Size of Particles—Air Clean
Requirements-*Methods of Air Cleaning-—Discharge Stack-—
Gravitational Settling Chamber--—Cyclonea*lnertial Separator.

. 220

ing

CHAPTER XIII
AIR-CLEANING AppARATOB—FILTRATION. . & .« v oo v v 0t 0 = 233
Particle"Size~C0ncentration—-—«Air Velocity and Porosity—Thysi-
cal Characferistics; Plugging—Filter Cloths—Construction and
Operation of Dust ™lters—Filters in Air Conditioning——-Bactferial x
Filters—Production of Dust Clouds in the Laboratory—-Testing
Tilter Materials, Resistance, and Fiterieg Efficiency.

CHAPTER XIV

DusTt REsPIRATORS AND AIR BABES. « o 0 o o r 0 om oot 261
History~—Testing  Dhust Respiratorg: Resistance; Facial Fitj
Efficiency—Testing Alr Masks—Second-grade Respirators. o

Bmuocmpm......h:'...."..............277

Nmr}:lxmzx........................291

L. . 297

SumrecT INDFX. o o -+ ¢

%

e

25!

nal




b s A i 7Ot £ R

-

32 7 INDUSTRIAL DUST

fully that, if he has silicosis, he got it in Canada and Canada
will take care of him.

In the case of a first-stage silicotic without tubercular infection,
there is no method, as yet, for determining his }essened efficiency.
The lung change, if any, caused by his dust inhslation is %20
small {o measure.

ReConn end Hurtedo (177) have estimated disability from
hung fibroses of various origins but have not yet succeeded in
developing & methed that is simple enough for routine use by
cornpensation boards, insurance examiners, and the like. T heir
procedures involve various simple measurements of vespiratory
function but they have not established any roethods of detecting
ghrosis which are more sensitive then the present X-xay
examination.

Of course, industry would welcome a diagnostic routine for
detecting early harm froia dust or, better, for forecasting harm.
No such method is available and it seems fruitless to expect
guch belp. The pneumoconioses are not disgnosed until harma
is demonstrable by X-ray. _ ’

Collis (42) has stressed the difference between the age group~
ings in pulmonary tuberculosis and in silicosis, with or without
tubercular infection superimposed. uberculosis 1s most preva-
lent between the ages sixteen to twenty-four, while silicosis rarely
becomes disabling until later in life. Inasmuch 8s 8 good many
years of dust exposure are required before the average case of
silicosis (or ssbestosis) becomes evident, it is obvious that itig
not likely to be acquired early in life. However, there is an
epidemiological side to the question which is of great importance
end it is that which Collis especially emphasized. The average
healthy individual hes acquired a fairly effective immunity
or resistance to tuberculosis. His chest N-ray is likely to show
one or more healed scars or fibrosed sreas from tuberculosis.
Such an individual, Cummings emphasizes (211), s 2 better
silicosis risk than the man who shows no evidence of past exposure
to pulmonary tuberculosis. Consequently it is wise to select
for dusty jobs men who sre past the age of forty and not young
moen just taking up 2 trade.

-#-3 shestosis, - The X-ray picture of ‘the typical asbestotic chest
35 confusiag to the layman. The offect is described as a diffuse

Elrosis. Characteristic silicotic nodules are absent and even
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EFFECTS OF DUSTS AND FUMES UPON AN a3

the expert roentgenologist withholds his diagnesis until the case
history is complete. '

“The pathology produced by asbestos is not like that of silicesis.
“The ashestos fibers group about the neck of sn alveolus and shut
it off, causing what is known 83 alelectasis. “There is no definite
migration or iransportation of the dust particles to the ymph
wodes and no formation of the Gbrous nodules as shown in
Fig. 13. As the atelectatic areas increase, the veduction in lung
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16, 15.-—Asbostosis bodies jn sputura.” {Afler Ellvaan (75} ; courtesy J. Ind. Hyz.)

grea causes serious dyspnea or labored bresthing. ZLanza (13%)
supggests that the enlarg.d hearts noted frequently in his cases
of second-stage asbestosis may be the result of the increased
work of the heart resulting from this condition; it takes more
work 4o pump blood through the atelectatic than through the

rn;crma} lung. .
“Ju silicosis it seems to be & general -rule that;-after a ecertaln—— """

point, the victim's ¢
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34 - INDUSTRIAL DUST

remained stationary since stopping work in the factory,” bul
they rdvise definitely that the asbestotic individual be removed
from his dusty job. Merewether (183) and Lanza are less ceriain
on {his point.

Asbestosis Bodies. In the lungs of patients who died after
prolonged exposure {o asbestos dust and in the sputum of mea
sith eonsiderable ssbestos-dust exposure zre found what first
were ealled curtous bodies and later asbestosis bodies (Fig. 15) {(75).
YWhile somewhat sirilar bodies oceur in the lungs of coal workors
and even of normal persons, it is admitted that asbestosis bodies
in sputum are characteristic of ashestosis, Stewart (223) gives
eonsiderable diagnostic weight to their presence.

Prewmoconiosis ia Animsls. Bilicosis has been produced
experientally by quartz dusting guines pigs, rabbits, mice,
eats, snd domestic fowl, thus emphasizing the specificity of
quartz dust io biologicsl tissue. In like manner ssbestosis bws
been produced in experimental animals.

The Equidae, such as horses and mules, apparently are not
susceptible to ordinary pulmonary tuberculosis but there is no
reason o believe they have any special immunity or resistance
to silicosis. The normal silica content of borses” or mules’
fungs is not known but it would seem wholly reasonable o use
the lungs of animals which have worked 5 to 15 years underground
in mines os physiological dust samples. A brief report on fhis
subject was published by Haynes (121) but data such as one needs
ere singularly lacking.
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TOXIC DUSTS %
Poisoning from inhaling toxic dusts is much more likely i
than poisoning from swallowing them. Dusts that reach the E
Jungs may pass directly into the bleed stream, thence to the heart, i
end immediately be pumpec all ¢ er the body. Distribution \
to all the body tissue is thus brought about rapi 'y and effec- )
gively. But dust taken in with the food goes to the stomsch i
and the major part passes out in the feces. Bome is picked ap
_..by the ;;c;rtal,blood circulation and moves on to the liver, That
portion which eauses poisoning must first pass through the liver,
which is an effective flter and detoxifier; only then can it enter
the general circulation. - )
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ARSEFICAL MTURES OR COMPOUNDS

Argenicel Micturss or Compounds, N, O, &.°

Solid

Hazerdous . Froparties:  Poisonons materials, Ses
Arsenic.

Shipping Regulations:§

Polson B 352, 354" Poison label 200 lba,

pdenl Rip, Liguid (Sheep Dip)

2P}

k)

Hagardous Properties: Polsonous lciuiai Sece Arsenic,
Ehipsing Regulotions: i
Poison B 338, 349% Peison label 55 gals.

Amenizal Dus

da(.mcz’ou: Properties: A poisonous material. See
Aurs ‘Asf’

Skipping Regulations:§

Polzon B 3352, 355° Polson lakel 200 lbs.

{raax. lot)

Arsenical Flue

a,a%am’m: x‘ﬁrojw 1exr Pols
Auseais,
Shipping .ruffu!./mm*;

onous  maierial, See

L2

Polson B 352, 355 Poison label 200 jbs.
{max. iot)

Arsenous Aad, Solid .

Hozardous Properties: A poison, Ser Arzenic.

Shipping Regilutinns:}

‘ B 352, 351% Polson Isbel 200 K.

7. ot}

Arseaous aud Mersuric ledide Sclution, Liquid
?

Covn

4&.’!)'(2!(1qu }: O bei f1a5e AL

Pm.r and f‘f"’

A poisoncus liguid.

lson 32% 3,,3, 3’%"5”‘ Polion

V&lsw.mm Alloable €
per raillion,
Hazerdous  Fropeites:  8ce  Arsenie. Cautiond
Arsine van be Eberated from unusual places,
- instance, in cleaniag out steel tanks which
contatned concentrate ! sulfuric acid it is pos-
nes although concentrated

wcentralion i A ®

0.05 parts

sible to liberate 213

sulluric acid does not react with sieel, dilute

d dm:; react with it momentarily, liberating

Y, which reacts with 2he ﬂi“SC‘I‘lC‘, {.ﬁi‘ﬁs«
g arstoe, This is but une of the very numerous

] ;,as;:.bmues for-industial exposure to this toxic
kiR mﬁﬁ

vr‘.bf"} my: Arseeic hydride; arsenivretted hydrogen
d A‘v\.\a

2 “. 35’&.: Ty . AL P ~-1135°0

s =55°0 me)': 3.484 g /filter

; g‘v’imz' Tolovies

T 2

Shipping Repulations:§ Poison label {i).

Fagprdous Propertivs: A toxic mate 1), Bee Arzenic.

® Bae Hst of abbreviations a‘“d $ rmboh, paza vii. §

s
g

oY

GEMERAL CHEMICALS

Syaonyms:  L-DlamivoA-dihydroxy-Tasencbanzeng
- hydrochloride; 506

Formuda: CiaMisAseN:0:2HCL2H,,O A 104780

Deseription: Light vellow hygrownpic powder

Shipping Regrlations:§ None

“Artic”

Trade mark of a refiigeration grade :J
chloride. A proprietary material, See
component 22 listed,

Asbestos Particles or Asbestos Drast

AMeximum Allowable Concentration dn dér:®
particles par cubic meter,

Hazardous Fropesties: Asbestos 15 2 class name fov
various minerals of a fibrous nature, The eom-
mercial material is :m:;inl\- fibrous serpentine,
known as chrysotile. The fraplication iz
this material mgrv-’y__ _t:p__;gs»g_;;mea 2 nul

S willion

that

"?h‘&”ﬁ'%h; s given for the MM
the safe limit There s & di&&c‘::v
known as ashatosis, which ma) b caused by

this mauxal it can also causc chronic coa.
Junetivitis with hypertrophy (5). Asbestosis s a
compa\amcly new discase which was fiest dee
gribed Uf AM%Iuh WIS '\'i" 3w aavé,.
Finely ground asbestos is said not to be dan.
gerous, snd this theory & supperied elinically,
The time necemary to develop asbrstosis is
from 7 1o 9 years, if the exposure concentration
is fairly high. Lower concentraty

to require 15 1o 20 years of owpe
established, the disease 15 prog even

though e 2posuTe tioy stopped. It x"mn’d sosrn
thnt the irritation <luc to this matarial ! ated
o its physice] natan
cc-x:\npcsi:im-a The fiest ¢ign s

cough i usaally diy and auscul
few if anv physicp) fxmﬂ;. Yass of weight, pailor
and cvanosis arc alio early symptoms. Late
emaciation and chest sy @PLOMS apprar. TVhere
is a distinction between this d
cosis, i.¢., the chest appears emaciated and 1ac s
the robust character notced in silicesis, i

sather than s
a

cup"mon al ,t.'g‘zosuz'x;‘ i {
o )
i
|
' e i
?’rmlmml e.wd Aulmotu. Rest and sernoval from
exposure are indicated, Consult a ph) 1. an. N

Storage end Handling:
canccmra}_\!)nsu,m_
_egneentra

ies:c;‘smu

a;xr(u*' 4

pm-

N .
PR
[ g

.%zph‘*iﬁ
Hazordous Propertizs: Aspl halt causes skin eruptions
which vary roughly in relaton to the speciiie
gravity and bodmg point of the aspholt of
bxtumcn. 1t ¢xn cause derrmativs,
evolved are » midous and unpleasant with &
sirong odor, 9 that kowdes of ehis

The fumes
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CHAPTER ZHE

SBESTOSIS

Asbeslosis is.a comparatively new discase. The firsl comprehensive
reporls regarding asheslosis came {rom the English writers in the years
between 1920 and 1925. In America in the carly thirties studies were
made by Lanza, Savers, Bloomfeld, and others.

Asbestos is a hydrated nuw g'ﬁ(wmm silieate. Qccupational ex
3 ;‘n those.drades.vhere s bsnsed fornack mr',uagmm_ams

1, Orssheng-ibds cormhined nith.collon.orother maleriglin

e YT

-

féig’ns and Symplorms.—As in siiic:)r;is,‘ i}m first sign is d} spnea, the
cough is usually dry, and auscultation revenls few, il any, phy al
Loss of weight is wuali; noticeable, the color is *mle, and evanosis is &
fairly early sign. After some time, fine, erackling réles may be heard,
and the chest appears emaciated and lacks the robusl character noticed

in ¢ ah osis. Early ashestosis must he differentiated from acute emphy-
sema. If tubereulosis is present, the svinplems may take on the character
-of this disease, but this complication is far less frequent than in silicosis.
Pathology.— .
Peraonary Csances.—The pulmonary fibrosis of sshestosis is diffuse
in character, peribronchial, and basal in location in econirast to sill-

cosis in which the fibrosis is nodular in characier and present in fhe
upper part of the lungs. As e process coatinues, the fibrosis extends
into almost all poriions of thz Jung tissue. Bronchiolectasis snd bron-
chieciasis are present within the substance of the fibreid areas, und
bronchopneumenia and acule tracheobronchitis often cause the de uh of
these paticnts. The pleurae, espmmll\ in the hasal regions, are thickened
and adherent. In some cases the pleural sac is completely obliter ated;
in others a fibrous or scrous exudale may be present within it

Action of Asbestos and Silica~-The difference between chrysolile
asbeslos and quarlz silica In their mode of action has caused considerahle
eullduou ns well as experimentation. Gardner® particularly, ot the
Saranac Laboratory, earried on intensive study of these two n aterinls
He felt that while the ar‘bﬂn of free silica is chemical in mature, the
aciion of asheslos is mechanical. He staled:

"\ C'

sswao
freitnling not beeause they are silicafes but heeause thew are stifl fibres
awhich mechanically frritate the lungs. Unlike the free silicas, these
minerals will potl siimulate fibrohlasts In any part of the Dody; only
those in the lungs are affected. It was inferred thal these organs were
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ABBESTOSNS

and continuous than those of other viscera, Then it was tiseovered that
if ashestos was ground very fincly so that few of the fibres were longer
that 2 microns in lengih the frrilating property of the ashrsios was prae-
tically destroyed. Inhaiation expeviments with such fine chrysotile asbes-
tos were carried out over a period of severzl years. Ko #@ibrosls hins

developed in spite of the fact thal an average atmospheric concenirafion
of 125 million parlicles per cubic feet of air has I on maintained. In
contrast in a proviously reporied experiment one-third this conceniration
of Jong fibre ashestos dust produced well marked fihrosis uller about
two vears.” )

Il the-effcel of ashestos were chemical, one woudd expect that a
decrease in size would accelerate tissue vesponse. 3Vith Iree silica large
particles have little effect, but as their size decrrases celinlar reaclion
hecomes more vigorous and even constilulional symploms ymay ensue.
With fibrous ashestos the veverse is trua.

Ery
Fven under the most extreme conditions that san be created by 3
fnjection there is no preliminary phase of tissue necrosis with iniil
of leucocvles s occurs with high concentyations of very iine guariz.
The eonncelive tissue cells merely mulliply very slowly in sreas where
the ashestos fibres are cought in the brouchioles. As eollagen forms znd
contracts, the air spaces ave obliterated hy,sear tissue. In experimenial
amimals, al least, ihis change is ot a progressive one afler cossation ©
0

. -y '

exposure to the dust as is (he ense in the yesponse to guariz. Prrhaps th
! ! i t
i

3

The histology of early ashesiosis does not suggest a chemical injury.

b 208 )

sy

¥ 3
reason s the deposition of the peculinr fron-coniaining coaling on the
5 > fel

surface of the
bodies” (Figs.

inhaled fibres giving rise to t)in choracteristic "asheslosis
30~and 31). 0

L

Finally, it

ich arc
monary irvitants. The variation in chemical
group is greater than that hetween them and manpy oiher silic
fuet, chrysolile ashestos has the same chemical formula as a no
silicale, serpentine, which is physiologically inert, Gbviously iry
would seem to be ussocinted with the physical rather than the chemical
composition of these minerals,

kNP L
PROse DLser-

One point of praclical significance may be indicaled by
valicns: numely, that very finely ground ashestos s nol dangerous. This

“econclusion~has support in-clinical observation, for it has long heen

known that ot e Thetford Mills there was no clinical ashestosis even
though in former years the atmosphere was very dusty and the & st
extremely fine. The faet that fabricution of fibres of the sume saineral
in American plants could produce disease was one of the puzzlin
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Fig S5.---Right lung, showlng markedly thickened pleurs with fusien of Smlerlobaur
. plessra, Dense hbrous tags over entire surface, (U, S0 Public Health Service, Talletin
A
B da
e e w oW L g pom S wn i BS
SRR
~
' w
i o
= «
s .
~ 1 .
.f{;; ®
R
ﬂ‘a,g } ‘.‘i'.‘. .
'.,"' gy ! 3 A
R4 P
' W HE)
%
iy . RS 4
s < Bl e s &y
I T M- O A
. ) Fig Ste—Ashestnss bodies accompanied by plant eells (U, & Army Medlem
N SMuscum, Speclmen 53255
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¥ip. 82.—Sevilon of a lung in asbeslosis. {3
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. Fig. £2.—X-tny &lm of o patlent wilh sabestnale,  {Penderyy
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tures of this disease. Bul these experiments offera plansible explanaiion.
.+ The fine dust in the mills I composed of serpentine and exivomely shovl .
“¢hrysolile fibres; thal in the spinning and weaving mills conining meny

- mmore jong fibres : :

Microscopic Appearance~—in {he carly phases of the discase §
is a thickening of the alveolar septa as a result of fibroblastic prolifer
tion. The aiveolar spaces contain numerous aiveolar phagoryles. With
progression of the discase, fibrosis hecomes more murked and ihe sive-
olar struciure gradually disappears, and in its place there is now donse
filrous tissue. The few semaining alveeli which lic in the area of fibrous
tissue ave linad by a low cuboidal epithelium and have a glanduisr
appearance {Fig. 52).
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Lenttered throughout the lung in both the discased and healthy paris
are spindie«-shaped siructures {first described by MeDonald”) ki
es nshestosis bodies. These bodics sre slender in thelr center nnd b
o1 each exiremity. Many avc arranged like strings of gradualed
with the largesi al the end of the chain, ‘ :
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¥-Ray Findings.—Ceriain neeniiurities exnist here us conbrasiad o

- eilicosis. ¥n ashestosis, the lesions may be hilateral or Jargely un
According to the expericnce of Pendergrass,? he roentgenologic findings
in nshestosis are largely Timited to the lower hall or two-thirds of the A
siningyd,

lung fields, while in silicosis the upper poriions of the lungs ave slso " ij
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4 snvolved, In moderaiely advanced asbestosis, ¥-1rays will reveal lessoned
- ventilation of the lung fields, the pav tal plenra is thickened, and there {
- : is a “ground-glass” appearance to Lae picture. The yasculor si :

tose their identily. Nodulation is ehsent. Pendergrass” feels
roentgenologic diagnosis of garly ashestosis §s unrcliabie ardd
condition must be moderately or markedly sdvanced 1o make a difier-
ential diagnosis from ihe rocnigenograms (Fig. 533.
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Bledicolegal Aspecis.—it is fell that the time EeCEasnry
ashestosis is, on the nverage, from zeven {0 nine yoars nownfu
concentiralions with a less severe concentratisn, from {ifteen o bwe
vears. 1oe allowable concentration is 10,000,000 pariicles per cubic foot

L of air, of o size between 0.5 and 5.
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Once ‘established, the discase is progressive, even nfter the cessalion
S of exposure. The hasis for diagnosis is s milar lo that given undey
Silicosis. -

w1, Lanxs, Ao Asbeslocts, JADLA, 1062 308 [Feb.), 1936.
. ) 5 Gardner, L. U Recent Developments in sielation 1o Silicosis, Thdust, dMed. .
-t 9 45 {Fe Y, 19490,

i 3. Pendergrazs. . Pl Silicosis and Asheslosis, How Yark, 28, Osford aivers

; ity Press.
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