FILE NAME: Visible Dust (VDT)

DATE: 1954

DOC#: VDTO17

DOCUMENT DESCRIPTION: Book Excerpt - Industrial Dust



R s



INDUSTRIAL DUST

Hygienic Significance, Measurement,
and Control

PHILIP DRINKER, S.B, CEE.

Professor of Industrial _Hyﬁiene,
Harvard. School of Public Health

THEODORE HATCH, BS, SM.

Professor of Industrial Health Engineering,
_Graduate School of Public Health, Unicersily of
Pittshurgh and Research Adviser, Industrial Hygiene
Foundation, Mellon Institute

Second Edition

McGRAW-HILL BOOK COMPANY, INC. 104

New York London Toronto



INDUSTRIAL DUST

quYri ht, 1936, 19%- bE/ the McGraw-Hill Book Company* Inc.
Printed in the United States of America. All rights reserved. = This
book, or parts thereof, may not be reproduced in any form without
permission of the publishers.

Library of Congress Catalog Card Number: 64-6719

TIIK MAPL*; PRESS COMPANY, YORK, PA.



PREFACE

Cantrol of the dust hazard in industry is the r{omt d,ut%/ of the
Rhysmlan ang the engineer. ~ In the preparation of this book we
ave emphasized the Cooperative pature of the problem and have
devoted considerable space to such of the medical aﬂaects a5 may
help the engineer to Ungerstand the manner i which h¥g|en|c
requirements affect engineering design and operation of “dust-
control equipment. . _

S0 far as  possible, only the basic principles are, considered.
The book is written from the engineer's standpoint but we hope
it will b(i of some value, to physicians who wl)sr to understan
more fully the enIglneer_mg spects of the pronlem. ~Design 0
dust control apvga a}us Isan eng_meermg matter, bfut It 1S Often
ghgté)mhysman ho Tinally appraises thé success of the control
yU,nfortunatel .. cyrrent practice in. the field. of industrial
hxﬁlene Tpermlt the Indiscriminate mixing of British and metric
units.  Thus, fans are rated In cubic féet a minute but dust
particles are measured In mierong, We do not support these
mc(j)nsmtenmes but tﬁve merely followed the usual nomenclature
nd practice in this book, oo

Many friends and colleagues in this country and abroad have
helped Us with this second édition. At our request some of them
read critically various parts of the manuscript and others sup-
P|Ied technical material. - We extend to them our sincere thanks
or their help. _

Pamir Drinker
Theodore Hatch
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CHAPTER 1

PHYSICAL PROPERTIES é)FSDUSTS, FUMES,

Suspensions of finely d|V|ded purlldes in stir in the form of
and mists are common natyral E Tnomena Not. S0 welbk
Localise 1t is generally oof visible, is the d |s1perse
atmospherie’ditSt that extends over the face of the earth,
only during unusual climatic conditions, slich as thoge of 1
the’ Middlé West when atmosphenc dust concentrations
liignoring levels (Fig. 1), or'in the more recent Donora,

jutz ). Kimsua <ngstiini», Aprilr VOHi.  {Cour/rsl/ Qojlcc.)

incident. (371), that the f)Ub|IC hecomes concerned with this
heno enﬁn in a practical way.  With |n certain ind s les, on
eot er anét cnt% |natt n"of the. at smerew ust' has

resente a problem, | not Is a ea azar then us a

s r¥ dama ng étgent against Blandt machlnerg/ or products.
Eve WI’[hOéI Jrodlcing easurable amage, dust constitutes a
miisnuce and creates poor working conditio

In' recognition of the hazards and cost of such contamination,

AINumbers in Euﬂuthcsns refer U> ciirrcspmulimi; items in tin; itiblic-
griipity on pp. 3
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2 INDUSTRIAL DUST

the high. levels of Pollutron of an earlier daY have been large r%/
reduced in the Fusy trades. ~ But the potential hazaras remar
and the control. of industrial dust coritinues as a never-ending
battle. Beginning with emprrrcal but commaon-sense measures
the. dust-control program has now the benefit of considerable
Insight into the nature of dust hazards and |s aided by quantita-
tive'methods for the measurement and evaIuatron of dust exPJ
sures. An - understand rn% of the g rysrca behavior of dust
grovrdes an rncreasmgly sound engineering basis for the design of
uet-control measure

Some of teP r%/srcal properties of ?usts fumes, and mists,
which are Impartant in a consideration of hazards, rnfhesamplrng
and anal srso ch materials, and. in therrfontrol are discusse
In thePesentca pter, The sub*ect IS a large one and, In rtg
theoret caI a rTrlrects has engaﬁed the attention’ of Rhysrcrsts an
chemists for many years. rcatron of thet eoretrcal ang
exp%rrmental findi nﬁs to the soIHtron of practr? 8 blems, suc
as the subject of Brs voum owever, Is relative H
outstandrn contri utrono aquarter century agow rougb
Wget e much scattered materra wasCousan Smokes ay

3), now unfortunately out of print. This’

foIIowed rn 192b Smoke AStu% Aerral erseS stem,
u(WW aw Grag and Patterson_(442), and iy 1943 DallaValle’s
rcro erlics (93) appeared. During World War I, as in
Ll o i b o
standin r les of finely divi In al
with drrqect and'ousy fuI ar? (l)rcatron to the sytudy ofindustrial-cust
Rroblems Much of tins work has found its way into technrcal
andhook (g45 3 2 We shallrf] Ve .occasion to refer m%}/
times {o_these and other sources of basic intormation and shafl
be satrsfred here, to discuss the physrca properties of dusts,
fumes, and mists in ?Nthe brrefest outling form. .

Definitions. To tevarrous ISperse systems in air, such as
dust, fog, clouds, mist, fumes, and smoke, Gibbs (183) gave the
Heneral name_aerosol, which 15 analogous to the accepted term
ydrosol denoting drsperse systems In “water,

Dust is forméd by reducing earthy materials to_small size.
Processes Irke ?rmdrn crushing, blasting, and drilling produce
dust particles of sizes from the submrcroscoprc to the visible, their
composition being the same as that of the parent material.
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PHYSICAL PROPERTIES OF OUSTS, FUMES, AND MISTS 3

Common examples are the mineral dusts derived from the dis-
integration of rock and the or%anlc dusts like wheat and flogr.

Fmes are formed by processes such as combustion, sublima-
tion, and condensation. * Typical examples are the fumes from
bu[nln% lead or the zin ?XI eproduce from zinc v(%)
ticle size 1 %enerall elow 1p ncontrast to dusts, fume
partlcles often flocculate vigorously. )

Smoke “ presuPposesacertam 6 eeofoptlc ensit 442%
Generallylt IS Of organic origin |tma mc es stems co
5|st|n fPartches of I?w vapor resgurewm settesowl
F rav%l We shall use the word with, reference ar IcU-
arly tosy(ste s that are organlcmorlgln such as the smoke from
burnlng gcco wood, ol ori In general, smokes  are
charac er|ze by a partlcle size below 0.5 p.

Mists, or fogsare; formed by the_condensatjon, of water vapor
ypon suitable nuclel or by the‘atomization of liquids. Particle or
dr%nlet S|1e varies widel (% deBendlanLon tire C%Pdltlons preval ng

enera roPertles DUsts, Fumes, and Mists,  Disperse
systems of %uss or other flnelgl divided matter in air occupgl
Posmon with respect to size Rr ertles between the coIIO|daI nd
h?m croscoglc regions, T epartl les are lar erﬁ1 n those In
co loidal systems; Yet fhey are smal enough to. ex |t some 0f
teproger ies of col|oids and also t? have Rro erties not possessed
oy | arg Masses of the substances from wnich they are 8enerated

When a solid or liquid is broken, up Into fme# vide partlc es
and Is dispersed in the air, two im ortant changes, take place:
1) the surface area Is greatly mcreased, and” (2) the ‘space
ccupied bg/ the dispersed material is_expanded many times over
the volume of the orlgmal mass.. Thus, If 1 cc of quartz 1s
crushed into particles of 1¢u p in size, there will be 104 gartlcles

with  total surface area of 6.5q m as compared. with 6 sq cm for
the orlglnal block. . Assyming a dust c?nc nration ?f 100 million
particlés per cubic foot of air, the 1 oc of material will be dispersed
In an air volume of 10,000 cu ft,

The effect. of these changes I to intensify the chemical and
physical activity of the material. The rate of oxidation IS
Increased so much that substances like soft, coal and aluminum

L1t is usual to spook of acid fumes as denoting a mixture of gas mid mist.
Thrtoulghout this hook, however, we shall use the word to designate only solid
particlés



Powder bum >, air with explosive violence.  Rates of evapora:
lon angd solubtltt are als0 Increased, pud the phenome a of
adsorptlon and e ectr static act|V|t are intensified.  The ad so|p
tion of a gas film on the. particle strface may accelerate or retard
chemical reacttons and| aIsomterfereswnh [ysn:al henomena
siich as wetting.  Since the physiol odlca effect of dust particles
always is intinjately associated with their physical and chemjcal
activity, small particles generally are of more physiological
Im ort?noe than large ones,

imifarity_ between Dusts and Liguids. ~Giving to the large
amount of a|r adsorbed upon the surfaces of fine dust particles,a
mass of suc Toartlc e assumes some of the properties of liquids
F ases.  The mass (a ecomPressed and 1t sBIase like a
iquid when being carried in a pail. "It can be polred through
a 1p O,oe and ripples are formed when a stone is dropped into a tank

Dust can be "dtsttlle]d”b Passm air throy gh It; the amount
cayried over varies witn the air velocity. Af| drateo %trf

will “evaporate” aconstant amount and the air will become
saturated.” Whenthe alr speed reaches a certain critical value,
the whole body of dust will be carried over, ., the dust * botls."
In these examples air velocity corresponds to temperature (293).

PARTICLE DYNAMICS

ike any other body, a microscopic particle is attracted towar
Like any other body, ticle is attracted toward
the earth, byt hecause of Its reIatlveIXPreat surface area Per unit
of mass (and the conse ent hign, ai 3|stance a(q rborHe
particle does not fall i mcre sing ve ocn according to t
odm%rg/ aw of gravny Almost immediate |yafterl Starts to
al atrrsl tanelm 0S€ uont ticle balan este
gravitational force, thus p event| am In speed, Te
partlcle -then setfles af |te constan termmal veIocn WhICh for
mtcroscoplc particles is fow, being measured in centimeters and
even millimeters per hour. ~ As a consequence, dust suspensions
|n air have considerable stability and ma(}/ f|oer3|st for long Penods
Because of the dreat alr re5|stance it s difficult to proIJnec micro-
sco IC particles rou%h air and equally difficult to remove them
th teallfr In a sense, the finest particles become a part of
e air ftse

The dynamic properties of microscopic particles are thus of the
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greatest |mrrJ]ortance In 4 consideration of dost hazards and their
ontrol. _ The characteristics of dust drsgersron Into the air, the
spread of dust away from its source of % neration or release, the
control ofdusty rocesses, and the. problems of air cleanrn% are
all mtrmateIY ted to the dynamic behavior of air-bome dust.
Pysro ogrc g these propertres are_also of maAor concemn for

eylar el%/ etermine the depth of penetration and deegree of
ret ntior é) inhaled dust in the respiratory tract and, hencé, limit
|t he g sa e rate In relation to air concentration and with

General Law of Resrstance Resrstange to the travel of a

article through air varies with the size ajid shape of the particle,
tr)vrth Its velog X and wrh eflurdrtly tthe a'? Thes ?actors
are combined in the following general equation:

5 _ Cppu*

where fil = resistance
C = coefficient of resrstance
*4 - projected area of particle
u — Iarr AgIneSI\t/eIocrty relative to air
The draﬁ coefficient C.is ﬂot conﬁtarﬁ for all condrtlrons of motio
nurt*n vea Fes sstematrca i the drtmensron £ss Reynol s
umber Re ~"u ern e viscosity of the air and
Partrcle drameterppC%Is grreswrt heyshaeofa the partrcle
he effect being different for drfferent values of R
The rFIatronshrg C= urt er srm Irfred from the curves
0 ageand r%par , IS shown for spheres |n Fig. 2 for
a_range of Re fr to > 105 The relationship has been
dividéd into three zones accordrngfto the nature of dependence of
C upon Re. For high values 0 g>10 IS reasonably
constant and for spheres has an average value of 0.4, This is
the zone of furbulent motion where the vrscosrtﬁ/ of the air has
no effect.  For this regr?n resistance varres with the squares of
particle diameter and velocity (Newton) thus;

0i = fepdV
For_spheres, k = 044 X ir/8. When Re < 3.0, however, C
varies Inversely with Re:
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than in dry weather and also from the fact that the greater air
movement on dr dﬁ S carries away more dust,

Super8aluraling the atmosphere “with moisture does have a
noticeable effect™upon suspensions of dusts ang fumes owrn? t0
the fact that the g rticles act ?s nuclei nEOn which the moisture
condenses,  The application o I|vestea marrcleanrng IS more

effective than a water spray, In Figs. 9 and 10 1 shown the
raprdrt with which clouds of zinc oxide and tohacca smoke can
pe cledred up with steam. In contrast to this, Warren (43p)
found the efficiency of water blasts for cIeanrn% mine air t? be

er cent.” During dry drilling, external water asts
onotr rove condrtrons a%c rding to Harnn fon rgo , While
Gray g states that water blasts a dspraysfrl to bring down
the Teally fine dust.

OPTICAL PROPERTIES

The presence or absence of suspended dust in the arrrseasrl
demon trate@% drrectrngabea ?ﬁ gﬂt throu%ha ark eneg
room contarnrn the dusty air, m will not be revealed
Fn less th %re ae’s M)]ende solid or I| urd partrclei o reflect the
This test, which was first use ¥T ndall in nis classic
studres of atmosphenc pallution, is one f great sensitivity.
ggérca ehavror Fan aerosol varies with éhe nature of the
sus ended material, suc as its trans arency an sape butit Is
Inf uence toa?rea er egree n¥ he sjze of Rartrce In the
sus ensron Dis mctronm aern this connection between
lasses of gartrc es: those larger than thewavelength oflrgh
whr reflect and refract Irght ccordrng to the gen ral 0 tcai
% ﬁnd asecond group containing g rticles sénsib sma er
t an the wave ength Of light. ~ These particles scatterIPht In all
nectrons wrth an intensjty that varies with the wavelength o
Mrgt the light is oIanzed toa\consrderable extent.” The
Ight catteredb Iarq particles is also polarized to some extent
|n aplane perpendicular to the mcrdent beam
Partrcles Larger than the Wavelength of L Og Tolman 2414
has shown that"the intensity of light reercte by particles larger
than 0 8to 0.7 p is given hy the équation

1See Chap. 16 for a discussion of spray-type air cleaners.
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where | —intensity of reflected light _
8 —concentration (weight) “of dust per unit volume
Since —particle size

¢ —Ldldn
wherea ~ density of dust glarticles

n —number of particles per unit volume of the suspension
We mej- write, = few

where k' includes several physical constants pertaining fo the
dust. Thus, the strength of the Tyndall beam varies directly

{:etrorhsl%i ml%tﬁ%n ﬁetV((e,%r&rttZQ;/djll,l ree}ﬁlil{ﬁﬁ%@tg) and particle sue expressed in
with_ the surface area concentration of the particles in the sus-

Hensmn. For equal weight concentrations. per unit volume,
owever, the strength of the beam varies inversely with size

(FLgfértlllgles_ Smaller than, the Wavelength of Light. In_this
region the intensity of the beam varies, ‘according™to Rayleigh,
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with concentration, size, and wavelength of the incident beam
in the following manner;
T, ka9 Iccd5
VX

where X - wavelength oflrght
Again, the Intensity varigs with, the concentration of dust in
the Suspension. [t 15, also Influenced to a congiderable degree
by the waveleng th of light; red rays, for example, are scattéred
ith onIy one- twe Ifth the rntensrt of the rays at the short end
tort e spectrum. . Conversely, the Iong rays are transmitted
Henc

hrough a suspension to a qreater degrée thian the violet rays.
g theT Prdail beam de%elo ed b? minyte artrclesa ppears
blue In co orwhenvrewe atri tan esan red when examined
rom the end.  This exp arn teblue color of the sky, which | 3
Pnro duced ess ntraIIX b% I| scattered by gae molecules aB
Inute artrces and e at sunset, , Comes o us by

transmrssron through the dust atmosphere near the earth’s

surface.
For equal wrght concentrations, the intensity of the scattered

light increases Fapidly with particle size to a maximym In the
re%ron corresp ongP Yo“h vJave en? of t erncrdentlheam and
hndecreases €5 raprd with a urther ingrease |n srze the
ex onent of d chan%mgif m3to =1 This rsnrce%s OWn |
terms of the variatjon In strength of the transmitted beam wit
particle size (407) in Frg

A more omE et? theorefjcal treatment of the Iaws of light
scatten \%l Partrcles was deveo e

urrn 8 War I1, this was employe exteh/srvey |h thie
tudy of homo enﬁous aerosols by La Mer and ass?crates
eveIo ed methods for determination of particle size
and concentratron based upon the selective scattering and trans-
mission of Irght of different wavelengths and the variation In
degree of polarization with particle sizé. . The method is limited,
however, to the study of particles of uniform size and has little
ap Ircatron to the studyrofheterogeneousrnd ustrial dusts.
bscuring Power. ‘The IntenSit| of a t beam passing
through a dust susPensron when vrewed onen decreases wrth an
increase n the distance from the light source as well as with an
Increase In dust concentration.  Simon and bis coworkers (389)
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Fio. 12 Variation in light tiansrniasion with particle sise. ~{Ajter Siute, Uourle&y

J. Franklin Inst.)

h?ve shown the?retlcal consjderaions, assumm? %sus ension
of gpaque sprierical particles of uniform ‘siae, that.the Irtensity

of light changes accordlng to the logarithmic equation

= LieMUI

where L and Lq« mtensmes of incident and emergent beams,
respectively
| — length of path between points where Lo and L
are measured
N —number of partlcles er upit volume. of ajr
m welg t concentratlo of dust per unit volume

T- densny of material of which the dust is
compased
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Written in another way, this, relationship shows that tie per-
centaﬁe reduction in '[I%H[ ora %lven column of the dus%laden alr
IS cofistant, regardless of the iftensity o the incident beam, and
that the Percenta?e value varies directly with the number of
particles, en?tho path, and square of pdrticle size,

The correctness of this theoretlcal %uan?n Was demonstrated
by Simon (389), who describes @ method of measuring the rela-
tively heavg concentration of dust In blast-furnace gas hased

upori this equatjon.
p Itis freq entIR/ su gested that this rPhenomenon could be used
e concentration of dust In

85 a sjmple met ? or etermlnlngt
an Inaustrial esta IShment.  The Pp lication ofthe ?boveeH
tion to a practical problem, however, indicates the Tallacy of this

cogtenpon ssu Sconcerlttratlon of 10 millign par |c es#er
cupic foot 0 alr”¢35 particles per. cubic centim ter wit
uniform dlametero 2N, and determlne the |stance necessar

to reduce the light [ntensity only 5 per cent, he,, from 1
Entering  these” values in” the “abdve equation, we get

[ = 471n

Obwously, this dlstance IS too great for practical use, aIthough to
be effective, any dust recorder must be sensitive to a degree as
close as 10 milfion particles per cubic foot.
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CHAPTER 2
EFFECTS OF DUSTS AND FUMES UPON MAN

Ex ostrre 10 dusts can rProduce several drsﬁrn%t tyBes fdi

abrlr gte Neumoconioses are caused on ?
ron 2 stemic to efrgct q.are TIproduced & te resut <
either brea |n or swa low ain dusts‘Suc as lead an

Ce
mangﬁrnese meta fume tgever cause by Inhalin e%
metallic oxide fumes; and (4) an a er IC react on, as typifi
hay fever, is the dirg tresutof breathrn? pollen ox other organ
substances. Dust inhalation |5 the usuaf cause of disabilityonl
In the case of a few dusts are there other modes of entrancé.
Respiration and Dust Inhalation, The lungs are nonsyn
metrical brIateraI structures encased in a rather eIastrg cavit:
the chest and commérnrcate with te nose and mout
through the trac ea or windpipe t lung has two divi

sions, or lobes, and 'the rg rt Iuan] has three the right lung i

about 12 per cent larger than the feft.  (Fig. '13)

T. RIGHT BRONCHUS TRACHEA eft bronchus

BRONCHIAL. RAMUS

UPPER LOBE sJO UPPER LOBS :
RIGHT- . UPPER-LOSE
LUNG-- SI10 -ieer

BRONCHIAL LUNG

faMUS TO

RANUST!?L H‘r ietiti

Iv;: Ypepus

aose \iGBE "

BRONCHIAL%

‘RAMUS

TOLOITER (
LOBE

'LOWER-LOBE-

"M-J-lov/ER LOBE
Fio, 13. lungs, broncia, and troehg.al. (After ScbeUa and McMwrich.)



