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e {§sed by management as only
Piitkance. In other plants, the
BVery of certain dusts is eco-
cally sound, especially where
articulate matter may con-

W2k

Iy precmus metals or may carry

X sultmg from the escape of
there are certain dust ex-
l‘es which may result in acute
h hazards. This is especial-
le of dusts containing a high
ENtage of free silica, asbestos,
Wiher toxic materials. Where
considerations are involv-
uch exposures. legal aspects
SNt themselves. In most states
f‘é occupational diseases are
nsable, specific coverage is
to those disabilities result-

In order to differen-

Industrial Hygiene
Importance of Dust

By N. V. Hendricks

Chief Engineer Industrial Hygiene
Service, Georgia Department
of Public Health

Nearly all types of modern
industry are concerned
with dust and its control.

THE MIDGET IMPINGER USED FOR COLLECTING ATMOS-
PHERIC DUST SAMPLES,

Courtesy M. 8. A. Co.

tiate between the
origin of these
materials, a defi-
nition of them is in
order.

DUSTS are formed by the re-
duction of earthy materials and
are usually produced by such ope-
rations as crushing, grinding.
buffing, ete. The particle size of
dusts may vary considerably,
ranging from sub-microscopic to
visible.

FUMES are formed by conden-
sation and sublimation. Chemi-
cally, they are metallic and are
usually the oxides of such metals
as zine, and lead. The particle
size is usually below one micron.

Smoke comes from the burning
of organic material and its par-
ticle size is usually less than one-
half micron,

Mists and Fogs result from the
condensation of water vapor on
suitable nuclei. and the particle
size will vary with given con-
ditions.

General Properties

As a substance is reduced in
particle size, there are certain
general properties of the material
which are changed. On breaking
up a solid into finely divided par-
ticles, the surface area is greatly
enlarged and therefore the space

occupied is greatly increased. As
an example, a piece of quartz one
centimeter on each side when
crushed to where the particles of
one micron in size will present a
system containing 10" number of
particles. The total surface area
will be 6 square meters. If these
dust particles are dispersed onto
the atmosphere in such manner
that the concentration will be 100
million particles per cubic foot.
the space occupied by this dis-
persed system will be 10 thousand
cubic feet.

The chemical activity of a solid
is considerably increased by a
reduction in particle size. Thus
the rate of oxidation is increased
as is evidenced by occasional dis-
astrous dust explosions. The phe-
nomena of - adsorption becomes
more important as gases are more
easily adsorbed on the surface of
the smaller particle.

Trom the standpoint of health
hazards resulting from dust ex-
posures, the physiological proper-
ties of dust vary somewhat with
the particle size. It is an accepted
fact that with exposures to silica
dust, the smaller the particle size,
the greater the hazard.

Physiological Response

Drinker has summarized the rc.
actions resulting from the inhala-



tion of dust by classifying Lhe re-
sponse into four groups. These
are:

{a) Pneumoconiosis—The dusts
producing this type reaction are
harmful only when inhaled. The
principal materials producing this
type reaction are free silica and
ashestos dust. On inhalation, these

two materials produce specific
lung pathology and from the
standpoint of disability, present

the most important of the dust ex-
posures.

{b) Toxic Reaction—(As poison-
ing by lead, cadmium or radium)
These materials produce harmful
effects when taken into the body
both by inhalation and ingestion.
With reference to lead and its
compounds which may be present
in the atmosphere as particulate
matter, it has been fairly well
established that entrance into the

FIG. 2.

body oy inhalation Is more im-
portant mode of entry than the
same material taken by mouth.
This is primarily due to the fact
that when such materials are tak-
en into the body by inhalation,
the major portion is taken into the
blood stream, whereas, a consider-
able part of that taken by mouth
is removed by certain organs of
the body.

(c) Metal] Fume Fevers——These
conditions result from the inhala-
tion of finely divided fume par-
ticles. The importance of metal
fume fever has been brought to
the attention of industry by the
great amount of welding which
has been an important industrial
tool for the past few years. Where
burning or welding is done on sur-
faces which have been galvanized,
the problem of metal fumes be-
comes immediately important.

THE ELECTROBTATIC PRECIPITATOR AS USED FOR COLLECYING ATMOS.

PHERIC SAMPLES OF DUBT AND FUMES. INSERT 8B8HOWS RATE OF SETTLING OF DUST.
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This is also a problem in foundp
where the pouring of brasg &
done. ,,l%"
(d) Allergy—This type reacti '
is in general produced by polie A
and certain organic dusts, “

Common Industrial Dusts

Carbonates are usually comb"
ed with either calcium or m
nesium. They normally occuf
nature as calcite and magnag
or as dolomite, which contal
both magnesium and calcmm*ﬁ
the carbonate. Limestone -
marble contain consxderaﬁ
amounts of these carbonates }
do the materials from which
ment is made.

fluids, these materials are remgif! Y
ed when taken into the body:h\)e
inhalation. The presence of 'c"
bon dioxide in such fluids 13.
important factor influencing thald
solubility. The same thing appl{
to the presence of carbon dloxid \;‘
in water which comes into contéc}g gt
with these materials. In the préd 4
ence of carbon dioxide the car:' N
bonate is converted to the mord
soluble bicarbonate, thus addmg¢
to the ease with which it is remo¥/3]
ed by solution. 2

Experimental and practical ob
servations on carbonate dust inf
dicate that these materials are nb_
harmful when taken into the bod_‘;,‘t’
by inhalation. This is probablyf
due to the fact that they are easf:
ly removed due to their solubilityd

Sulfates are common industrial
materials and this general clas} 3
may be illustrated by gypsum %g’
which is calcium sulfate. 7‘ Al
a common materlal and is w1de1y
used in many |
tions. It is generally consideredi%
that this type material is non-toX
ic and does not present any par:
ticular problem from a health

’;{"

standpoint. ,
Oxides vary considerabiy I
their physiological reaction. In

metal from which the oxide is de:
rived. Where such metals aré
specificallv toxic, as would be the
case with arsenic or lead. a spe;
cific toxic reaction could be ex«ig
pected from the inhalation of the
oxide. However. other oxides apsf
pear to be relatively hﬁrrﬂlessy;?' !
particularly where the metal iB-:‘E
of a non-specific type. This ¢ tr jr
of iron oxide. The mining of ir ik
results in the exposure of a gredf)
number of men to the oxides 0?\__
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"FIG. 3. GEORGIA KAOLIN DUST MAGNIFICA-
TION 130X

xthis metal. However, it appears
hat exposure to the dust of iron

ess such exposure is accompanied
the pressure of free silica.
¢ The mining of coal results in
“'exposure to coal dust which con-
Ains a high percentage of carbon.
fétailed studies of exposure to
¢64l dust have been made by the
J. S. Public Health Service and
ther agencies. It has been found

iuch dust contains a high per-
igentage of free silica, Although
al dust may be deposited in the

¢ondition resulting is usually not
‘Fq'psidered disabling unless silica

Silicates make up an important
class of industrial materials and
: sire used principally in the pro-
widely: 7! at}lction of ceramics and similar

et Tale, kaolin, mica,
ys, ete., are chemically silicates
d their widespread industrial ap-
lication results in a great number
t' employees being exposed to
his type dust. With the excep-

tbiy 1D : ttion of asbestos, which is a silicate,
-f)n' tion his general class of materials does
eac 16t appear to produce a disabling

fbhdition, except in isolated cases,

1s the only silicate
fown at the present time which
Droduces a lung pathology com-
ble with that resulting from
osure to silica dust.

f all the dust found in indus-
pbrobably the most important
Aree silica or silicon dioxide. It
Eurs in the form of quartz, flint,
3 dstone, and chert; and is as-

FIG. 4. QUARTZ DUST (Si 0,) MAGNIFICA.
TION 130X.

sociated with many other miner-
als and ores. The disabling con-
dition resulting from the inhala-
tion of free silica is known as
silicosis and has long been a
problem with industries such as
stone cutting, granite, foundry,
abrasive, and the like, where sili-
ca is used in processing. There
are relatively few industrial ope-
rations which might result in di-
rect exposure to pure silica dust.
The importance of silica lies in its
association with other materials.
As an example, in foundry opera-
tions the dust generally will con-
tain clay and materials of a non-
silicious character, so that the ac-
tual percentage of free silica may
be relatively low, This is also true
in exposures to coal, iron oxide,
and the mining of ores. When
hard rock or silica is present, these
dusts become important mainly
due to the presence of silica rather
than to the inherent properties
of the parent material.

Factors Influencing Hazards

In evaluating the exposure to
a dust there are several factors
which should be taken into con-
sideration. The duration of ex-
posure is important, as it will in-
dicate in a general way the total
amount of dust which might be
expected to have entered the body.
Obviously other factors enter into
such an evaluation of total dusti-
ness, and these will be discussed
later. History of past exposure is
important. This is particularly
true where an individual is ex-
posed to silica dust. This point is
of extreme importance to indystry
due to the fact that a worker may
have contracted silicosis under a

CALCIUM CARBONATE DUST MAG-
NIFICATION 130X,

Fig. §.

previous employment. Where suct
a condition exists, the desivability
of preemployment examination i:
obvious.

Theconcentration of dus
breathed is important as this
within certain limits, will deter
mine the possibility of develop
ment of dust diseases. Consider
able research and practical obser
vations have been made in the
field of dust exposures to corre
late clinical findings with atmos
pheric concentrations. For fres
silica, asbestos, and some of the
other materials, fairly definite
standards have been established
The nature of dust is importan
primarily from the standpoint o
free silica content. This is par
ticularly true of mixed dust:
which constitute the majority o
industrial exposures. The volume
of air breathed enters into the
picture as it directly influenc
es the amount of dust which wil
be taken into the body. The rate
of respiration or amount of ai
breathed in general will be de
termined by the physical effor
required on the particular job
Where heavy work is being done
naturally an individual will re
quire more ventilation than whaere
less physical effort is involved

Dust Measurements

In addition to the factors in
fluencing dust hazards, it is neces
sary to make direct dust measurec.
ments in order to obtain a truc
evaluation of any dust exposure
Such measurements are made b
the actual collection of dust sam
ples, the counting of the dust par
ticles, and by the identification ni
the materials making up ‘he dis



persed syvstem. For the collection
of dust samples. several instru-
menls may be employed.

Niuch oof the earlv work done
on the control of silicosis 1n the
imining areas of South Africa was
‘ ed out with the Konimeter.
msuument has been  nsed
country. hawoever. at
mel wilth ke popularity
iz enjoyed by certain other
ethods. From the standpoint of
roliecting efficiency. the electro-
static precipitator is probably the
choice instrument, however., most
of the work done on correlating
atmospheric  dust concentrations
with medical findings has becen
based on sampies collected and
rounted by the Greenburg-Smith
technique. The collecting device
rmployed i an  impinger unit
wrich samples at the rate of one
- font prr minute.

in thie

ot

Counting by this technique is
tone under iight field. The per-
centage of free silica in a dust
sample 1s usually determined by
either chemical or petrographic
meihods.

Permissible  concentrations of
dust have been established for
ree silica, asbestos, and other ma-
terials. For both silica and asbes-
tos. 5§ million particles per cubic
foot is considered as maximum
irig concentration. The U. S.
sic Heaith Service has suggest-
procedure by which the total
‘usL concentration in millions of
particles per cubic foot is multi-
plicd by a percentage of free sili-
=5 1f the resulling figure is more
"han 5 million particles per cubic
‘oot. the condition is considered
ansafe. If less than 5 million. the
candition is considered safe. There
should be considered certain limits
of dustiness for anyv tvpe of dust.

P
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LocAL

EXHAUST ON TUMRLERS FOR

whether il be merely a nuisance
value or health consideration. To
most industrial hygienists. 50 mil-
lion particles per cubic foot is the
maximum atmospheric concentra-
tion of dust under which an em-
ployee should work. It should be
pointed oul that the only way of
determining both the nature of the
dust anc the aclual concentration
1s by direct samphing and similar
procedures for the counting of
dust,

Case History

ANY industries having prob-

lems of dust control recog-
nize the existence of such problems
to varied degrees. Some take pass-
ive attitudes, while others apply
sound engineering procedures
which result in a real job of dust
control. Such modern engineering

methods  are used by (he Le-
Tourneau Company of Toccoa.
Georgia.

This particular plant manufac-
tures heavy road grading equip-
ment and its major dust problem
lies in operation of a foundry for
the protection of basic steel parts.
It is interesting to note that this
Company considers the control of
dust as a part of the general over-
all production schedule and as a
resull has its control methods inte-

grated into general plant opera-
tions.
Although there are several

methods which can be used for
control of dust. ventilation, both
in the {orm of general and local
exhaust., probably offers the most
satisfactory method and it is this
approach which has been used by
the LeTourneau Company. TFor
general venlilation in the foundry.

CAST CLEANING, FIG. 7.

[

two 13-fool fans arc 1insiaiieq -
which handle 500 thousand cubje .’
{eet per minute each. Acluajiy, i
the material removed by these fang
is made up principally of smake 3
rather than true dust. .

Two electric arce furnaces ava
operated and these arve
with roof fans located immediateiy
above the units. These fans handie
650 thousand cubic fect per mint
each. Again. the major porticn of |
the material coming from the arc f'
furnaces is smoke rather than true
dust, and comes from the aiioy
and flux material charged into the .
furnaces

A problem of dust control in anx
foundry is the shakeout operatiarn,
This is particularly true
shakeout is mechanicai and
handled on a vibrating scree: or
grate, Hlere. a line conveyvor sys-
tem is used to bring the casiings
directly to the shakeout grate. A
canopy type hood is installed 'm-
mediately over the grate itsei? In
addition to canopy, side enciosures
are provided which prevent air
leakage. The fan serving this hood
delivers 35 thousand cubic feet per |
minute, which results in a high ;
capturing velocily at the entrance” .
and discharge ports. An excellent *
job of dust control results on this
particular operation.

Sand conditioning
foundries is a dusty job. With t'!\..l-‘.
LeTourneau Company this 3

eduiped

e

wWitere

in many

handled by means of local exha\.‘.-st.
ventilation and three bag typc M-

with local exhaust ver
(Continued on paae 80
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at least 75%. Figure 2 shows the
condition of the tube that fdiled: -

Other tubes were found eroded
adjacent to U bolts holding baffle
ttles. The U bolts pravided suf-
ficient interruption in #as flow to
cause eddy currents and localized
impingement. (Fig. 3.)

Erosion by particles;of fly ash

and unburned fuel has also been
found in stoker-fired boilers.

At the time of each shutdown for
cleaning and preventitive main-
tenance (at least once everv four
months), all areas vulnerabie to
erosive attack should be examined.
Areas most susceptible are;,

1. Where. flow of gases makes
turn, thr meg out’ par{lcles of
solids:

2. Behmd any cracks, breaks, or

) ' gapa in a gas bafrle

3i Adjacent to any pILJECthn'

that might divert normal flow
of gases.

.Should the boiler be provided
with an induced draft fan, observe
the condition of the blading. Ab-
normal wear may be indicative of
erosive attack in the boiler.

Careful attention by all engi-
neers to the problem of erosion
may well prevent a serious acci-
dent.

- ap

Candy Making
(Continued from pi!ge 60)

not be taken for granted, a chemi-
cal laboratory is essential.

The Brock Candy Company is
now in the process of constructing
a modern chemical laboratory and
training a technician to perform
control analyses. The laboratory,
which is located in a large air con-
ditioned room near the
cooking operations, is equipped
with modern stone-topped labora-
tory benches, the latest chemical
glassware, and such special analyt-
ical instruments as. balances,
vacuum oven, refractometer, and
nH meter. Provision has been made
fer such analyses as moisture. in-
vert sugar. viscosity, pH, melting
aoint. and refractive index. Many
2f the control tests have been de-
veloped specifically for the Brock
Candy Company, and new pro-
cadures will be added from time
‘n time as the need arises.

The Industrial Research Institute
~f the University of Chattanooga
“is o coonecrated | with the Brock
Candy Company in selecting the
equipment. outlining and develop-
ing.  analytical procedures. and
training a technician to operate the
control  labhoratory. A research

candy’

T
project on improvement of the
quality of candy has been sponsor-
ed by the Brock Candy Company
at the Industrial Research Institute
of the University of Chattanooga.

Since all raw materials will be
analyzed and tested in the com-
pany laboratory, variation in prop-
erties will be detected before the
material is used. This procedure
will assure products of uniform
quality, since inferior raw ma-
terials will be discarded and form-
ulations will be based on the ac-
tual analysis of high grade raw
materials rather than on standard
procedure which do not make al-
lowance for variation in the in-
gredients. Analysis and testing will
assure high quality of finished
products and permit any difference
in qualily to be detected. In this
way, any unavoidable errors in
manufaclure can be corrected and
adequale controls instituted to pre-
vent their reoccurrence.

The facilities of the control lab-
oratory will also be available for
the evaluation of research and de-
velopment work being carried out
in the factory. In addition to main
taining the production of uniform
high quality products, the person-
nel and equipment of the control
laboratofy will be available for
many other technical assignments

in the plant.

The modernizatian program g
the Brock Candy Company is tak!
ing place at a time when almogi
any product, regardless of quallty
or cost, can be sold. Tne real bo
tlenecks today are shortages of raw
materials and skilled personne}
However, progressive busmcssmem j

only temporary and that within
few years, companies which ca
not guarantee quality will not bazhi
able to sell their products Th '

greater than the supply of raw ma:%?
terials and because it has alreadys
inaugurated a program of controlég,_
and research which will result mJ'.

constant improvements.

L
-

S

Dust
(Continued from page 64)

tion and dust arrestors as is showri‘“‘ﬁ
in the photograph. Note that ex
haust is applied through the
trunnion of the tumbler.

In foundry operations or any
other industrial type processing,
housekeeping is an important fac-
tor influencing the generation of
dust. This foundry employs two
five horsepower vacuum cleaners
for floor maintenance. By this pro-
cedure loose dust, sand, and the
like, is removed from the floor and
is not projected into the atmos-
phere by the movement of ma-
chinery, scuffing of feet, and the
like. This is one impressive point
in the operation of this particutlar
foundry. Excellent housekeeping
is combined with a good procedure
for materials handled.

In all of the attempts at dust con-
trol at the LeTourneau Company.
employee cooperation is obtamed.
Employee coopervalion comes
through planned program of om-
ployee education and employee
participation in affairs invelving
the health of the worker.

Periodic dust samples coiies “ted
in the LeTourneau foundry indi-
cate almospheric concentratinns on: i
various operations well helow
what is considered as maximum
safe working limils.




WHERE IT'S WET Wet
weather doesn't both-
er the new totally-en-
closed Tri-Clad mo-
tor. Neither do fre.
quent “washdowns™
in food. plants.

WHERE [RON DUST
FLIES Harmful iron
dust and metal filings
can’t get past the in-
ner wall. Bearings are
protected from dust.

1

TOTALLY ENCLOSED MOTOR

{1 TO 1000 HP)

EXG-E 7R//CLAD

{1940 you welcomed the Tri-Clad open motor with it's

b, prosection fearures. More Tri-Clads have since gone into
-i;g"than any other integral-horsepower motor. Now
(OEis-ready with 2 new line of tough, totally enclosed
fﬂf ulad motors for use in adverse atmospheres. We believe

;

Wi ate industry’s most dependable motors. Their longer life
wer maintenance will make them a sound investment
tost every job. Apparatus Dept., General Electric
GO 'S,cihcnccmc(y 5, N. Y.

S Pur. OF.

GENERAL

C meAriame A ILIRLIATAVY T LIAVIPL ADED 104t

WHERE QUARTERS ARE
CLOSE When space is
limited for a totally
enclosed motor,you'll

pact aew Tri-Clads.

TopAY's TOUGHER JOBS,
HERE'S A NEw TOUGHER MOTOR

WHERE IT'S CORROSIVE WHERE IT'S DIRTY Dire

Acids, alkalis, and and dust can’t getinto
fumes are kept out of these Tri-Clads
these new Tri-Clads. shorten  their  life

Smooth surfaces are

Cast-iron enclosures '
convenient to clean,

are corrosion-resist-
ant, exira strong.

WHERE EXPLOSION
HAZARDS EXIST The
new Tri-Clad motors
are available in explo-
sion-proof construc-
tions where needed.

ike these trim, com-
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Johns Manvlile ...... . e e 7l
Johnso~ Service Cna. .00 i i

Jones Foundry & Mech. Co., W. A....... *

K

Kewanece Boller Corp.
Kirk & Blum Mfg. Co.

L

L.ayne & Bowler, Inc. ................ 124
T.eslle Company .....oovuiiivnainne- -
Liberty Engineering & Mfg. Co. ...... 24

1.0je Hoffmann Cooling Towers, Inc...131
Lincoln Blectric Co. *

I.Ink Belt Co. ....0.iiiiiiirironeans 17
I.Jquld Conditionlng Corp. ............ .
Laummug COMpany .......c.oovuvecnveen »
Lunkenhelmer Co. .....veiovievninn- a0
M

M & H Valve & Wittinga Co. .......... *
Manzel DBrothers Co. ............00.. 128

Marion Machine I'dry & Supply Co. ..124
Marsh Corp., James P
Mason-Nellan Regulator Co.
Medart COmMDANY . ....vvvuvniiroiiannnn
Midwest Plping & Supply Co.,
Moccasin Bushlng Co.

Monarch Fuse Co., ¢
Morse Chain Co. ... .o, 25
Murray Tron Works Co. .............. 116
Murray Mfe, Co, .10 o ooiiint 12R
N

Natineal Aluminate Corp. | 1
National Boller Protector (n 118
Natlonal Valve & Mfg. Co 20
Nianvara Blower Co. .. ¢
Nlirholsan & Co., W, . 130

W

Notrthern Egulpment Co.

Norton Co. oo e *
Nugent & Co., Inc., Wm, W, ... ... ‘
Oakile Producls, Ine. ..o, 122
Otls TWevator Co .. oo e .. 16

P

Peabody Engineering Corp.
Peerless Pump Division ..., ...
Permutlt Co. ....... .
Philco Corporation X s
Pittshurgh Piping & Egqulpment (r)
Plibrico Jointless Firebrick Co.
Powell Co., Wm. ......... ... ..
Power Show, 17th National .....
Powenrs Regulator Co.
Prat Daniel Corp.
Pritehard & Co.. J. F.

Q

Quaker Rubber Corp. ..................

R

Raybestos-Manhattan Corp. (Ashes-
tos Textile & Packing Divisiony.
Reflnery Supply Co.
Relialice Electric & Engineering
Co. i Inside Front Caver:
Repub]lc Flow Meters Co.
Republic Hubber Division
Richardson Scale Co. ...
Ross Heater & Mfg. Co.
Roto Dlviston
Round & Son,

S

Sarco Co., Inc.
Shaw Co., Benjamin F
Shell Ol Co., Inc. oov it
Shepard Nlles Crane & Holst Corp...
Sinclalr Refining Co. 1
Skinner Engine Co. ...........cooiiln
Smith, Inc., Winfield H.
Smooth-On Mfg, Co.
Snap On Tools Corp. .....
Socony-Vacuum Oil Co.
Southern Natural Gas Co.
Southern Rall ay System ............
Sotuthern Supply & Kquip. Co. ...... .. 1
Squires Co.. C. E.

Standard Ofl Co.
Strong, Carlisle & Hammond Cn.
Sturtevant Co., B, F.

Syntron COMPANY ....v.eieamnnnnnn -

T
Taylor Forge & Pipe Works .......
Terry Steam Turbine Co.. The .
Texas Co.
Todd Shipyards Corp.
Trico Fuge Mfg. Co.

Troy Kngine & Machine Co. ..........

u

U. S. Hoffman Mchy. Co. ...........-
United States Rubber Co. ............
Y

Vosa Co.. J. H ¥ ...
Vulean Soo: Blowasr (arp

W

WWanl Acds L e

Warran Staam Pump
Walchemonket Optical
Wehster 1 nzmv\nrl"w
Weslinghousn Nlectric
Wheeier Mfg. Co, C. I,
Wilson. Ine.. Thamas C.
Wing Mfe, Cn., L.
Wrigley Jr., Co..

Y

Yarnall-Warine Ca

7 and




