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FOREWORD

Because it is the duty of industry to protect its employees
and "because no comprehensive survey of the hazards incident to oc-
cupational dust problems had yet been made, it was felt that here
was an opportunity to render a serivce to the petroleum industry
and its employees by making such a survey.

It is hoped that the information presented in this bulletin
will assist in finding proper answers to-some of the many questions
which have recently arisen concerning the health hazards of employ-
ees whose work involves exposure to dusts of various origin.

An attempt has been made to consolidate opinions from the
most experienced students of occupational-dust problems to show the
relative hazards of dusts end the duration of exposure which may
prove harmful to the worker.

Furthermore, a study ofthe prevalence of dust particles oc-
curring in various operations in the petroleum industry has been
made and included in this reportj also a description of the pro-
tective devices and equipment provided for the protection of the
workmen.

This report should serve as a guide to operating executives
and safety engineers in handling personnel and in providing adequate
protection in dusty occupations. It should also resolve many of
the fears and questions of industrial workers in these occupations.

The study confirms an opinion that dusty occupations, thor-
oughly understood and intelligently handled should result in no
serious disability.

Willard J. Demo, M.D.
General Medical Director
Standard Oil Company (N. J.)
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STANDARD OIL COMPANY
{Incorporated in New Jersey )
30 Rockefeller Plaza
New York, N. Y.

MEDICO - SAFETY MEMORANDUM

DUST PRODUCING OPERATIONS IN THE PRODUCTION OF PETROLEUM PRODUCTS
"AND ASSOCIATED ACTIVITIES

- ITRCIOUCTICY - Lorg Jdoocked upor &5 dtjectionable, dust todey is also recognizae
ed as dengerous = especielly with regerd to occupstiozal disease (Pnewmoccniosis) and
dust explosions. 3Since the dust encountered in the production of Petroleum products
ené associated operetions are non-explosive wmder ordinery working conditiors, no
further attention will be devoted to this phase of the dust hazerd,

Studies have revesled thet the time element (exposure) end the concextrztion
enc size of the dust pariicles are major fectors in producing health hezards., ZEere=
tofore difficulty hes been encountered in determining sctual dust concertrations and
sizes of the particles, but recently developed instruments such as the Zeiss Koni-
meter ené the Basusch & Lomb Dust Counter meke it possible to obtain dust counts and
estimete size of dust particles which, while not absolutely accurate, are indicative
of the dustiness of the aree,

The deta presented in this memorendum are based upon material taken from the
aveilable literature on the subject, upm field investigations and conferences with
technical specialists and upon 1008 actusl dust counts made with a Zeiss Konimeter,
using & 20 to 30 micron (& micron is about 1/25,000 of an inch) porcelain filter.

In the report of the Preventive Engineering Committee of the Air Bygiene
Foundation, Professor Philip Drinker of Harvard, chairmen, and other technical
specialists on the Commitiee write:

"If the breathing of dust causes disebility of any sort - silicosis is
only one menifestation - then it follows thet there must be some degree of air
cleanliness from which no disability will result to the average man during the
average working period. B

M"There is no satisfactory medical answer at presemt to this gquestion, but
the engineer is meking a bad mistake if he lets men breathe heavy dust concen-
trations of any material, If no other reason for dust control cen be found,
then one should read transcripts of some of the recent suits at common lew in
which fantastiec demages for alleged silicosis were granted to men who breathed
dust containing little or no silica, The Courts and Compensation boards are
not impressed with subtle distinctions between dusts with 10% and 40% quarte,
especially when medical experts are reluctant to meke definite statements as
to the comparative significence of such differences.

"It would be well %o reaslize that men working in dusty trades suffer fer
more Irom respiratory troubles of all kinds then ¢o men who work in cleex eir,
The evidence that excessive dustiness of any kind is harmful is beyond argu=
ment”,

risAna
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PART I - DUST AS A HEALTH HAZARD

I - WEY IS THE DUST PROBLEM SO IMPORTANT? = Although the subject of the health
of workers in dusty tredes has beea receiving considersble attention from students of
indusirial hygiene for a number of years, the seriousness of this problem was not
fully realized until it was brought sharply to our attention by the constantly growe
ing cowmntry-wide wave of lawsults instituted in behalf of the vietims in owr common
law courts, by the magnitude of the generous verdicts awarded by the juries and by a
recent decision of the Federal Circuit Court reversing the substartial award of a
jury in e New Jersey case (Penmsylvania Pulverizing Company vs. Eldred G. Butler),
Owing to these developments, the problem cannot be ignored or brushed aside as merely
another form of "racketeerirg" by umserupulous lawyers and conspiring doctors, Dodgirng
+the issue camnot provide the needed sdiution because even the most unserupulous
lawyers cannotcreate s pathologic lung at will endé, Durthermore, even the most skep-
tic of coroners frequently finds himsell corroborating a diagrosis by his postmortem
exemination, ZErnlightened industrialists and the medical profession as well as the
benen ané bar, have came to the realization that exposure to certein kinds of dust,
such as those containing considerable amounts of quariz (silica), has increased tRe
urhealthy bodily condition and death rate from respiratory diseases; wrile metallic
dusts, such as lead end its carpounds, have besn associmted with general systemic
poisoning of workers, "Silicosis" is now & defirnitely recogrized disease which is
destined to become one of the foremost and most serious of occuputional diseases of
the future because the mumber of workers in dusty trades is larger then almost any
other group exposed to a single known industrial hezerd, The McCaffrey Act, which
became effective September 1, 1935, amending the New York Corpensation Law, included
silicosis as an occupational disease subject to compersation,

Sixteen states, as well as those of the Federal Government and of Hawaii,
Puerto Rico, and the Philippine Islands (U.S.Dept.of Labor Bull, No, 625,Bur, Labor Stae
tistics), have Workmen's Compensation Actswhich include compensation for occupational
diseases, either expressly or by Jjudicial interpretation, or specific occupationsl
disease acts.

II - WEAT IS MEANT BY "DUSI"? = According to Webster's Unabridged Dictiopary,
"Dust" may be defined as fine, dry particles of earth or other metier socomminuted
thet they may be reised and wafted by the wind; that which is crumbled to minute
portions; fine powder, As pointed out by Philip Drinker in a paper read before the
Chemical Section of the National Safety Congress (held in Atlantic City, October,
1936), dusts include all types of dry earthy particles smell enough to be blownabout
by ordinery mir currents. Dust suspensions may be generated as the result of grinde
ing blasting, or comzinuting process; or they may result from the handling of fine-
ly divided meterials as in mixing ,processes, in sweeping, or the blowing about of
wood flour. plant pollens, or common road dust, There is no chemical limitation ime
plied by the term "dust" while the range in size of dust particles extends from the
sub-microscopic to smell sand grains. Mr. D, Harrington, Chief Heelth and Safety
Branch, U,S.3Bureau of Mines advises that dust as applied to health end respiratory
conditions may be wet as well as dry. TUnder some conditions, such for example as in
wet drilling in mines, the escaping air from the drill hole may (in fact generally
does) contain a certain amount of entrapped solid material which undoubtedly is wet
rather than dry, yet it remains in the air sufficiently long in some instarces at
least to be breathed by the workers to contribute to possible health trouble. The
size of dust of importance from a hygienic standpoint are those under ten microns.
In fact, the sizes fowmd in industrianl etmospheres are under two microns for the
larger majority of particles, say 90 to 95 per cent. TChysiologically, there are 8l=
most as many different classifications of dust as there are authors on the subject.
However, according to Professor Drinker ("Dust, Fumes and Smoke", Intermatioral La=
bor Office, Occupation =and Bealth 7ol.1l, 930, P,603) all of these classificatiorns
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are without much practicel importance, since indaily practice in industry the harmful
effect is exercised more freguently by dusts mostly of mixed origin. Besides, what is
most important is the physical and chemlcal constitution of the dusts and consequent-
1y their action on the system.

III - WEAT ARE THE PEYSIOLOGICAL EFFECTS PRODUCED BY THE INHALATION OF DUST? - To
be harmful from a respiratory viewpoint, dust must be of sufficient finess to pass
through the nasal filters and be retained in the alveoli (minute air sacs) of the
lungzs., Particles found in aubopsied lungs are of the order of one micron (& micron
is 1/1000 of = millimeter or sbout 1/25,000 of en inch) or less in size - about the
size of the common bacteria., Some dust particles found in lumgs are as large &s
five or six microns although these sizes are rather exceptioral.

There are five distinet “ypes of reaction produced in man as the result of inhel-
ing dust. These reactions may be broadly classified, based on the primarycause, as
follows:

(a) Those which result in lung fibrosis, commonly referred to as pneu=
moconiogis. These dusts cortain free silica, asbestos, etce How=
ever, it is not necessary for fibrous tissue to be formed in order
for the disease to be classed as "Pneumoconiosis",

(b) Those which are toxic and are absorbed imto the blood stream such
as lead, cadmium, etc,

(c) Those which result in what is commonly referred to as metal fume
fever; such as zinc oxide, etc.

(d) Those which are allergic in charmcter, such orgaric dusts as pollen,
pulverized wood and flour, etcs The breathing of pulverized wood
end flour is frequently associated with tuberculosis.

(e) Those commonly referred to as "nuisance dusts®. These may cause ir-
ritation of the respiratory tract or passages end may cause cone
siderable discamfort, also headaches of the dry "nasal" passage or
sinus type and exposure to them may be associsted with & high ine
cidence of respirstory illmess.

The rate and extent of these reactions are dependent upon the resistance of the indiw
vidual, the exposure period (comcentration of particles and length of exposure) tem-
perature and humidity of the air, rate of work, and the percentage of ingredients
which are harmful,

Owing to the length of time required to obtain a reaction by inhalation methe
ods, the United States Bureau of Mines and the Public Health Service adopted about
twelve years ago, a method of injecting small quantities of the dusts tobe studied
irto the peritonmeal cavity of guinea pigs. ("Response of Peritomeal Tissue of Dusts
Introduced as Foreign Bodies"™ by Dr. John W, Miller, Dr, R.R.Sayers and Wm, P, Yant,
Jour, Amer, Med, Assoc, Sept. 22,1934 = Vol,103,pps. 907=911), It was found that iden=
tical reactions occur in each animal injected with the seme dust under the same cone
ditions end examined in the seme time interval after injection. These reactions were
essentially the same microscopically as that produced in the lungs and the gross ape
pearance of the dust nodules was sufficiently differentiated to afford a mesns of
classifying the physiological response tothe dusts, There are three types of reaction:

An absorption or dissolution of the dust,
A proliferative reaction.
An inert reaction,
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In the inert resction, the dust neither caused an increase in the size of the nodules
nor disappemred from the tissues; instead there was more or less & change in its dis-
tribution. Sospstone, carborundum (Silicon Carbide), jeweler's rouge (Ferric Oxide),
anthracite conl, bituminous coal and certain filter clays have inert reactions. Cale-
cite, limestone, precipitated caleium carbonate, gypsum, and Portland Cement exhibit=
ed an ebsorption resction. Quartz, chat, certain filter cleys and flint produced e
proliferative reaction,

.The physiological response to the injected dusts were found sufficiently well
merked in 90 days to determine the type of reaction, particularly where the resction
was one of absorption or proliferation. Since the reaction elicited by dust wes
oonstant and uniform in all of the animals injected with the dust, it is believed
thet this response of peritoneal tissue to various dusts can be used as a test to de=-
termime the possible harmfulness of industrial dusts,

The fibrosis-producing properties of a Georgia filter clay (30-60 mesh grade)
e sample of American contact cley and a Germen contact clay were tested by the Intra-
peritoneal Method, under the direction of Dr. R, R, Sayers, Medical Officer in
Charge, U.S. Public Health Service. The Georgia filter clay showed an inert reasction
with a slight tendency towards a proliferation in the 90=day test. The Americancon=-
tact clay showed an inert reaction with evidence of some slight absorption or dis-
appearance of same part of dust in the 1B80w-day tests, The German contact clay caused
the formetion of light yellowish-brown nodules and as the interval between the in-
Jection and the examination increased the nodules beceme somewhat flattened, but the
emount of dust and the approximate size of the nodule remained the same throughout
the entire period (90-deys) of the test., This can be considered en inert reaction;
but es the dust does not disappear from the peritoneum it should be considered as po=
tentially harmful though not as dengerous as pure silicse,

In commenting on the results of the-tests with the Georgis filter clay and the
American contact clay, Doctor Sayers advised that the results of the test indicated
that the filter clay is more harmful than the American contact clay because the dust
remeins inert in the tissues as this was the largest portion of the dust and the in-
ert appearance of the lesions was the most prominent, The modification of the resce
tion in the filter clay can be attributed to the presence of 5«10 per cent. quartz
(Petrographic), Gypsum in the Americen contact clay may account for the slight abe
sorptive reaction. Doctor Sayers advises thet an inert dust, if breathed in suffi-
cient concentration, mey be harmful, These tests were made in accordance with the
procedure described in Reprint #1608, Public Health Reports, Vol, 49, No,3, January
19, 1934, pps. 80-89,

The inhslation of dust gives rise to "Pneumoconiosis" & term derived from the
Greek pneumon, lumngs and konis, dust, and used to designate a pathological condition
of the lungs caused by the inhalation of any dust. It includes SILICOSIS, a chronic
gisease of the lungs caused by the inhelation of minute particles of free silica
(Si0z) dust which produces a permanent incapacitating alteration of the lung tissue;
ANTHRACOSIS, the black lung of the miner due to coel dust; ANTHRACO-SILICOSIS, the
newest of our minersl dust affections end introduced by the United States Public
Heelth Service as a result of their studies in the Anthracite District of Pennsyl-
vania. This affection is the result’ of breathing anthracite cosl dust that contains
silica. The common neme for the affection is "Miners! Asthme™; CHALICOSIS, the
gray=black lung of the stone-cutber due to stone dust; ASBESTOSIS, in asbestos
workers due to asbestos dust; SIDEROSIS, due to breathing dusts of iron ore (The
lungs are yellow or red from metallic oxides generally of iron, )3 BYSSINOSIS, due to
cotton particles and vegetable fibre dust, and FNEWMONOULTRAMICROSCOPICSILICOVOL-
CANOKONIOSIS, & special form of silicosis csused by ultra-microscopic particles of
siliceous volcenic dust, Silicosis, Asbestosis, and Silico-Anthracosis are the only
three forms of pneumoconiosis which regquire practicgl attention.
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While the type of pulmonary lesion depends on the particular.dust inhaled, the
underlying pathological principle is the seme in all forms of the dlsease,.nam?ly, en
uwltimate fibrosis and replacement of the elastic lung tissue by a hard umyielding fi-
brous tissue. All occupations that expose men to large amownts of dust may give rise
to pneumoconiosis but not necessarily to silicosis. It is now generelly agreed that
in order to produce the latter, (silicosis) inhaled silica dust must reach the lungs
in & chemically uncombined condition, in very fine particles not more than ten mi-
erons (10/25,000 inch) in diemeter and in sufficient amount and over a sufficiently
long period of time, In relatively recent literature it appears that the proponents
of the iden that only "free silice" is harmful are beginning to have some doubts and
to have the thought that possibly some silicates may under some conditions be harm-
ful, Generally speaking, the necessary length of exposure to produce silicosis is in
direct proportion to the size of the dust particles and inverse proportion to the
dust concentration and the amount of free silice in the dust. Silicosis is char-
acterized mnatomically by & generalized fibrosis of the lungs and clinicelly by shori-
ness of bresth, decreased chest expansion eand & progressively lessened cepacity for
work which is out of proportion to the objective physicel findings. The effect of ex=
posure to dust such as silica is cumulative, the rapidity of development of the dis-
ease depending upon the time and emount of inheletion, Silicosis mey develop to the
point of causing symptoms only after several years exposure to silicious dust, but it
mey be progressive in some cases even after exposure has ceased and may cause symp- .
toms or become disebling long after the workmaen has left the environment that caused
the condition, Some may improve or at least remein statlionary in the absence of in-
fection, Watkins-Pitehford (J.Ind,Hyg.2,109 - 1927) tells of Welsh miners who passed
the physical exsmination for enlistment in the British Army, fought through the World
War, then came back to England, and died of silicosis., Unfortunately, it is mnot
stated whether these persons died from silicosis complicated with tuberculosis, Brit-
ton and Eead (J.Am,Med.Assoc, 98, 1928 - 1931) give more detailed descriptions of
similar latent cases in the United States.,

Silicosis in General -~ It is genmerally agreed that silicosis may be defined

as

"A ohronic disease due to the breathing of air containing silica
(8i02), characterized anatomicelly by generalized fibrotic changes
and millaery nodules in both lungs, and clinieally by shortness of
breath, decreased chest expansion, lessened capacity for work, &b-
sepce of fever, increased susceptibility to tuberculosis (some of
ell of which may be present), and by characteristic roentgenolo-
gical findings,™

In other words, silicosis is a disease of the lungs in which the normal lung
tissue is replaced by scar tissue due to breathing air containing siliesa dust, TUne
fortunately there is no known cure for silicosis - but SILICOSIS and nearly all
other forms of dust diseases CAN BE PREVENIED,

Recognizing the wide interest and even hysteris among apprehensive employers
egainst whom cleims hed been filed by alarmed workers, and the necessity of thought-
ful consideration of the silicosis problem, the Secretary of Labor on April 14, 1936
celled the First National Silicosis Conference attended by more than 300 persons
representing workers, employers, State and Federal Agencies, Insurance companies, and
other interested groups. Four Cammittees were organized to study specific phases of
the silicosis protlem; and assemble the essential facts ebout silicosis in & series
of reports; also to present specific suggestions for silicosis preventior and
straighten out other difficulties that silicosis has created. Reports made by these
Committees were formelly acopted st a second conference held February 2nd and 3rd
1937 in Weshington, from which we quote:
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"While a few persons may still be of the opinion thet such workers" -
(Workers having silicosis) "are 'through' and docmed to an egrly death, every
study conducted thus far confirms the fect that the great majority of these
men will not necessarily progress from bad to worse. Perheps it may be wise
to trensfer some workers to other employment, but many may be continued at
their regular occupations if kmown methods are applied to control the dust
end if special care is employed to prevent the development of tuberculosis,
pneunonia and other lumg complications",

"Contrary to popular belief, silicosis is slow to develop, Usually it tekes
seven years or more of exposure to silice dust for & worker to contract the
disease. It is said thet & few cases have been known to develop in as short
a period as 1-1/? years, but these were under extreme and wmusual conditions.
On the other hand, meny workers have labtored under ordinery exposures to
gilica for more than 30 years without demonstrating any trouvble whatever that
could be diagnosed as silicosis".

For the convenient diagnosis of silicosis or of silicosis complicated by tu-
terculosis, the pulmonery chenges are classified in three stages by Drinker & Hatch
("Industrial Dust" - 1928), In the first stege, the disease produces no diebility,
The victim car work just as well as ever, In the second stage, his respiration is
affected; he is bothered by dyspneea or labored breathing, In the thiré stege dys-
pnea becomes severe and he is likely to contract pulmonery tuberculosis, generslly
with fetal results. Whether he contracts tuberculosis or not, the advenced sili-
cotic is far below normal and is very susceptible to all respiratory diseases,

These three stages of silicosis cern be distinguished by X-ray. Acomperison
of the X-ray plates of a silicotic with those of 2 normsel person of like age and
physique shows, in the first stage, distinctive shadows, evenly distributed in both
lungs., These may be missed or misinterpreted by any but an expert; but the changes
in the second and third stages are obvious even to & laymen., It is, of course, es-
sentisl that the X-ray plates be properly mede, Dr. Pancost and Dr, Pendergrass of
the University of Pennsylvania have given extensive study to the influence of X-ray
tecknique on the diegnosis of silicosis. Pendergraess is of the opinion that shadows
and appearances of fibrosis can be actually produced by the technique employed.
Under other conditions, existing fibrosis cen be entirely missed by use of improper
technique,

Silicates as & class are by no means harmless. It was pointed out by Dr. R,
R. Sayers (U.S. Putlic Health Bulletin 221) that Miners' Consurption was rather com-
mor. in the Broken Hill district of Australia where the rock conteins considerable
sillimanite (Alp SiO5), fibrous silicate, and e rather low percentage of quartz
(12.23%). The studies of Badham (Rept,Dir,Gen.Pub, Health, New South Wales) give con-
siderable support to W. R. Jones! (J.Byg.15,307—lg§§) contention thet silicates,
particularly the fibrous vearieties, msy well be the cause of pulmonary disability,
Badham in 1927 coined the word SILICATOSIS to cover disebility from the inhelatien
of silicates, Other silicates such as Tele (Hg Mg (5303))4; Shale; Kaolin (Ha Alp
Si2 0g); Feldspar; Cryolite. (Naz AlFg ); and pure Mica give much less specific changes
than quartz. A moderate fibrosis may appear after exposure to numerous materials
but this fibrosis is usurlly not disabling, According to Dr. Lanze, "Silicatosis"
is not a recognized term in this country and disability from the inhalation of sili-
cates has not been proven.

Dr. Cary P, McCord (Ind.Med,July 1933, pps.4-12) states that all silicates
teaken into the lungs, of particle size capable of passing the cellular membranes, are
likely to induce some fibrosis in excess of normal but the progress of such silice-
tosis is not nearly so rapid as for silicosis. Tuberculosis rates are high in sili-
cate using industries. Antecedent tuberculosis, gquiescent, may flare up as a result
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of exposure to silicate dust.

Asbestosis = According to authorities cited by Drinker & Hatck in their book
"Industriel Dusts", the pethology produced by asbestos is not like that of silicosis.
Dr. L, U. Gardner of Saranac Lake is of the opinion that the asbestos fibers group
ebout the neck of an alveolus and shut it off, causing what is known as "Atelectasis".
There is no definite migration or trensportation of the dust particles to the lymph
nodes and no fibrous nodules. As the atelectatic areas increase the reduction in
lung area causes serious dyspnea or laborered breathing, Dr. A, J. Lanza (U, S.Health
Repts., 503 1 - 1935) suggests that the enlarged hearts noted frequently in his
cases of second stege Asbestosis may be due to the increased load on the heert, It
takes more work to pump blood through the fibrosed than through the normal lung. Re-
cer* pathological studies from humen lungs from cases of asbestosis have indicated =
diffuse type of interstitial fibrosis with a certein amount ol emphysems,

IV - WHAT IS THY MAYIMUM PERNMISSABLD PUST COICENTRATICK? -~ There appears to be a
wide variation in the maximum concertretion of dust which might be inhaled without
subsequent injury to workmen. Some dusts (as lead) are determined by chemical
methods end the concentrations in air are recorded gravimetricelly as milligrams per
cubic meter, However, the available informetion on the amount of leed dust that is
hermful and the methods of determining leed are better and more accurate than those
for silica dust, It is rather well agreed that an intake of abovt 1.5 milligrams of
lead a day, whether this is acquired by breathing dust or by drinking weter that con-
teins lead, is the maximum slloweable quertity, Others (as silice, where size is a
fector in determining dangerous particles), are usuelly given by count. Neither
method tells the whole story, but in both cases it may be possible to secure the in-
formation necessary for the purpose,

The meximum silice dust concentration considered permissible in the air breath-
ed by a workmen at any point in the normel breathing zone has not beern definitely es-
tatlished., There 1s consideratle difference of opinion regerding the range of par=-
ticles that are counted when using the Public Health Service technique and light
field illumination, Bloomfield of the United States Public Health Service and Brown
of the United States Bureau of lMines contend that they count particles from one mi-
cron end upward, or even O, 7 micron and uvpward, The Industrial Commission of Wis=-
consin and its Advisory Committee, composed of both employers and scientists, howe
ever, agreed in 1932 on a tentative figure of 15 million countable particles under
10 microns in longest dimension with free silica content of 35 per cent in a cubic
foot of air as determined by United States Public Health Service technique, Varia-
tions in free silica content will make proportional inverse changes in this standard.
In the case of practically pure silice, the permissible dust count should probably
never exceed 5,000,000 countable particles., By countable particles is meant those
particles between 0.5 to 10 microns in the longest dimension. Particles of this
size are the ones that are believed to cause the greatest damage and form no visible
clouvd, Dust particles smaller than O,5 microns in the longest dimension are not
ordinarily countable, Dust particles larger than 10 microns in longest dimension do
not ordinarily reach parts of the lung where they can produce injury of a respira-
tory nature, Most industrial dusts have but few particles above two or three mi-
crons in size, They are usually about 90 to 95 per cent. below two or three microns
and 50 per cent. below about 0.5 to O, 7 microns. An exception to this would be a
dust sample taken close to the point of generation of dust and before the larger
particles had time to settle out of the air,

In South Africa the figure is 1 milligram per cubic meter (or 300 particles
per cubic centimeter. or approximately 8, 5 million per cubic foot.) Dr. Lenze found
in 1917 in the Joplin, Missouri district that with good engineering practice, &
figure of 1 milligrem per 100 liters of air could be attained, This value attribut-
ed to Lanza eppears too high in comparison with the South African standards., As there
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are 1,000 liters in a cubic meter, it would indicste that Larza's estimation repre-
sents something of the order of 80 million particles per cubic foots With good en=
gineering practice, lower concentrations than this can be obtained. In fact the ex-
perience in Souvth Africa ard also the present experience in this country indicates
that it can readily be kept below one-tenth of this value by using ordinary good
practices. The Urited States Public Health Service in its recent study in the an-
thracite region of Pemnsylvania, found that 50 million particles per cubie foot with
5 per cent. quartz in the coarse dust and 10 million particles per cubic foot with

35 per cernt, quartz were apparently satisfactory and often were attained, The figure
of 10~20 million particles per cubic foot for granite dust with 35 per cent. quartz
content is of‘ten quoted from the Vermont granite studies of the United States Publiec
Health Service. From & considerstion of general experience, Cummings suggests § mil-
lion particles per cubic foot as a threshold for dusts high in quartz. This figure
is bzsed upon a combinetion of South Africea, Australien and imericen experience but
lacks entirely any publisned date in its support.

According to studies quoted by Philip Drirker and Theodore Hatch ir their book
"Industriel Dusts" 10 to 20 million particles per cubic foot by the impinger sempling
method, light field counting is a reasonable figure for cement and limestone. Recent
work by Dreessen confirms the universally accepted opinion that dusts high in calcite
erd low in quartz do not produce disabling fibrosis. The threshold figure of 0,15
milligram per cubic meter is giver for lead dust, presumably litharge and white lead,
or othe: solutle lead salts,

It should be noted thet many of the data were not determined as the lMedical
requirement, but as beipng attaineble in good practice and apparently satisfactory
from a safety standpoints It shouvld be further noted that the accepted figures are
only relative due to the indelinite powers of resistance of an individusl which are
an unknown quentity. One individual might resist a proportion of 200 particles per
cubic centimeter, while another would react unfaveorably to 50 particles, The work-
er's physical condition prior to the exposure is of great importance, since a young,
healthy individual usually can stand a higher concentration or longer exposure before
the first stage of silicosis is developed. However, far greeter influence than
physical condition might be the ability of the nose and respiratory passages to ar-
rest dust,

In their report to the National Silicosis Conference the Committee on Pre=
vention of Silicosis thrcough Medical Control pointed out that since standards of safe
atmospheric dust concentration, besed on medical findings have been estatlished for
only a few industrial dusts, and in view of the fact that comsiderable study and in-
vestigation will be required to establish standards for other industrial dusts, some
tentative standard would be useful. It was also stated that this arbitrary standard
should be based upon what is believed to be within the limits of good engineering
practice provided, it will largely control the silicosis hazard for most industrial
exposures. They, therefore, suggest that

"The maximm permissible concentration of silica in the air breethed might be
expressed by the following formula, (Determination of dust concentration
according to technique described by United States Public Health service in
Reprint No. 1520 from Public Health Reports. March 18, 1932);:

Multiply the percentage of free silica by the total particle dust
count, I the result is under 5 million, the condition may be con-
sidered permissible, If the result is over 5 million, the condition
mey be considered too high, For example,

10% free silica with an average total dust concentration of
30 million particles per cutic foot would give .10 times
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30 million, which equals 3 million (good practice)s 0%, wi
everage totel dust concentration of 50 million, would equal
3 times 50, or 15 million S (umsatisfactory).

This formule is not applicable to any dust containing less than 5%
free silica,"

Theodore Hetch in his article "Some Fundamental Date on Mechanical Dust Traps" (Tech.
Pub, No. 8374, 60, Amer, Inst., Min. & Met. Engrs., Aug., 1935) gives these

Safe Dust Concentrations, Impinger Semples;

(Light Field, Low Power Counts.)

Kind of Dust Meximum Permissitle Concentration
Conteining no Silica, « ¢« ¢ ¢ ¢ v ¢ ¢ o ¢ o » 50 millions per cubic foot
Contaiping any small amowmt of silics, ‘ .

free combined. ., . ¢ & ¢« o o ¢ o & o @ 30 " " !
Conteining 20 to 40 per cent.

Hee Silica . L) L) L] - L] L e L o o . a L] 10 " " " s "
Greater than 40 per cent.

Free Silic . v 4 v v ¢« ¢ o v o o s o o 5 " " " n

(Preferably as much less as possible)

Dr. R, R. Sayers, Medical Officer in Charge, Industriasl Bygiene and Sanitetion, T.S.
Public Health Service in answer to a question as to permissible dustiness writes:

"During recent years, 1t has been custamary to recommend threshold
or permissible dust limits ranging from five to ten million particles per
cubic foot as determined by Public Health Service technique, especielly
with dust in which the percentage of free silice is above five per cent.
There is no basis for the application of this criterion to all dusts, bub
it is generally considered a safe prectice snd one which cen be attained

in most industries by exhaust ventilation, wetting, or other methods of
dust contrsl," :

As pointed out by Drimker and Hatch ("Industriasl Dust" = 1936) it is unfortu-
netely impossible to evaluate dust exposures with the srithmeticel nicety that we
should have liked yet it i1s commonly claimed - by laymen - that prolonged exposure to
low concentrations is Just as serious as short exposures to heavy concentrations,
This cleim is oontrary to = fundamental law of physiology. In discussing the sub-
Jeet Clerk and Drinker ("Industriel Medicine™ - 1935) remark thet ".....8 Sub=threse
hold stimulus (dust inheletion) for a long time produces no reaction whereas & relaw
tively brief super=threshold stimulus may cause a reaction", If workers are exposed
to sudden heavy concentrations, the threshold values suggested previously would be

correspondingly lowered, However, most threshold velues are weighed -- an average
of the ranges,

V -~ HOW MAY THE CONCENTRATION AND CEARACTER OF INDUSTRIAL DUSTS BE DETERMINED?
The properties of a dust which determine its hermfulness have been shown to be its
camposition, concentration (the quantity suspended in the industrial atmosphere), and
its particle size, The methods used for the determination of the concentration and
oharacter of industrial dusts vary from a routine dust count for the purpose of

eveluating the efficiency of dust control methods to s detailed study of both the

concentration and the character of the dust in comnection with medical and engineer-
ing surveys,
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The Impinger Apparatus developed at the United States Bureau of Mines,
Pittsburgh Experiment Station by George Smith and Leonard Greenburg, (Described in
Reprint No,1528 from the Public Health Reports Vol.47, No,12, March 18, 1932 pp.
654~675) has been employed far more than 13 years as a standard instrument for dust
studies. In this apparatus samples of air are drawn into an impinger tube and flask
where the dust particles are thrown or impinged on & prepared wetted glass collecte
ing plate., The rate of air flow is fixed at one cubic foot per minute while the
duration of the sampling period is dependent upon the dust concentration. The air
passes through an orifice in the bottom of the impinger tube and strikes glass col-
lecting plate which is submerged in 3 cm. depth of distilled water or some other
fluid with satisfactory wetting properties, (If water is used as the fluid in the
impinger, silica particles are dissolved--hence not available for counting -- unless
the leboratory (counting) work is done within a few hours of teking the sample. )
This affords. the means for accurately determining the quantity and size of the par-
ticles. The liguid is then thoroughly sheken to obtain a uniform distributioz of
the particles; filtered to remove those over 40 microns in size and again agitated.
Semples of epproximately 1 cc, are teken by means of a pipette and placed in Sedg-
wick-Rafter counting cells., The use of & suitable microscope equipped with a Whipple
micrometer disc to aid in counting. will permit the determination of the number of
particles in one gquarter of the microscopic field, From this figure, the number of
perticles of dust in 1 cw f't. cen be calculated, One special advantage of this ape
paratus is the fact thet anslysis of the sample can be determined by counting, by
weighing or by chemical analysis., The impinger method is neither simple nor extreme-
ly complex; however, reliable results can be obtained only by well trained, compe-
tent and experienced investigetors. However, owing to the wide use of the impinger
in previous investigations that have been correlated with the pathologicel findings,
an impinger should be used for any investigation which is to include pathological
findings or where the results are to be imtroduced as evidence in court, Some state
codes on dust control recognize the impinger method., The United States Bureau of
Mines has practically completed the development of & "Midget" impinger which has most
of the good characteristics of the impinger but lacks most of its drawbacks., This
midzet impinger will soon be available and will greatly simplify both sampling and
counting,

Other devices are also availeble for sampling of dust over a continuous period,
nemely, the electric precipitator, the paper thimble, the electrostatic precipitator,
end the hot wire thermel precipitator. The English are working on a dust sampling
instrument which precipitates the dust from the eir by thermal means ("Physical
Methods for the Estimation of the Dust Hezards in Industry", by H. L. Green and
HE., H, Watson, Privy Council, Medical Research Council, Special Series No, 199, His
Majesty's Stationery Office, London, (1935)). The U.S. Bureau of Mines has been us-
ing en electric precipitator similar to those described by Drinker ("Alternating
Current Precipitator for Sanitary Air Analysis; I - An Inexpensive Precipitator Unit"
bty P. Drinker, Jour. Ind. Hyg., Vol., 14, 1932, p,364) for collecting semples of the
test suspensions used in testing mechanical filter respirators for permissibility.

A number of instruments are aveilable for mekirg dust determinations for con-
trol purposes. Among these is the Konimeter which calls for but little skill in
sempling, It is light, simple and quick to handle, needs no power for operstion and
requires only a microscope for counting the particles, The Zeiss Konimeter consists
of a microscope which gives a magnification of 200X, an air pump, & dust filter to
remove very coarse dust particles, a sample disc and & micrometer ruled in square
millimeters, The air pump drives a measured quantity of air ageinst the sample disc
which is covered with a sticky substance (glycerine jelly). This sample forms a dust
spot which can be examined under the microscope for a general idea of the nature of
the dust and the relative gquantities present, or for an actual measure, a "dust count",
which shows how meny dust particles are present in one cubic centimeter or in one
litre of the air samples examined. The Konimeter has been used very widely in
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South Africe (Final Report of the Miners? Phthisis Prevention Committee, Johamnes-
burg, 1919, p.10) end also in Canada. The U,S.Bureau of Mines has also used it in
some of its dust studies. In discussing the value of the Konimeter in their recent
book "Tndustriel Dust" (McGraw-Hill Book Co., New York and London - 1936) Philip
Drinker and Theodore Hatch of the Harvard School of Public Health write:

"It is the most compact and simple sampling device, Space is
provided for thirty semples on a single disc and no auxiliary
source of power is reguired for its operation. Grab sasmples
een be collected with speed and the fluctuations in dustiness
end the development of dust floods cen be revesled in a way
that is impossible with more cumbersome apparatus. South
Lfrican experience involving the collection of thousands of
samples has shown thet the figure of merit given by the Koni-
meter is directly related to the amount of phthisis - produc-
ing dust in the air., It is a veluable routine sampling in-
strument but because of its low and selective efficiency, the
counts reported are probably considersbly below the true level
and they are not easily compered with date obteined in
Englend, for example, with the Owens epparatus, or ir the
United States with the impinger,"

Experience has shown that contrary to Drinker's statement, the Konimeter if
rroperly used, will give results that agree very well with those obtained by the use
02 the Impinger. The U.,S, Bureau of Mines Experiment Station at Pittsburgh in making
some comparative studies with the Konimeter and the Impinger foumnd that an average of
five Fonimeter determinations was within about two per cent, of one impinger determi-
netion, The reason for teking an average of individual results obtained by the Koni~
meter, for comparison with those of the Impinger, is due to the fact that the Koni-
meter takes an instenteneous grad sample of small volumes and owing to the hetrogene-
ous neture of dust in sir grab samples do not represent the average conditioms. The
Impinger takes a continuous sample of rather large volumes and is thereby representa-
tive of the average. For these reasons, if it is desired to compare Konimeter re-
sults with Impinger results it is necessary to take several Konimeter samples during
the course of the Impinger semple, in order to obtain average conditions, We have no
correleting information of the Konimeter with the 20 to 30 micron porcelain filter
ageinst the standerd impinger method,

A Zeiss Konimeter, using & 20 to 30 micron porcelain filter was used in meking
actual dust counts in our various dust producing operations, The particle size and
size clessification was estimated rather than sccurately measured end computed, Only
particles ten microns or less in size were counted since it is generally agreed that
dust particles larger than ten microns in size are not particularly pathogenie,

Other methods in common use are the Owens jet dust sampler ("Jet Dust Counting
Apperatus™ by J.S.Owens, Jour.Ind.Hyg.,Vol,14,1932,P,522), which has recently been
manufactured in this country and the photographic dust counter, developed by Ficklen
end Ott, The Owens jet dust counter is used in this country to collect samples for
particle size distribution determinations, It is used principally in Australia for
determination of number concentration of atmospheric dust of industrial hygienic im-
portance.

The latest device for determining dust concentrations is the Bausch & Lomb
Dust Counter which was placed on the market a few months ago, This instrument con-
sists of & dark-field microscope megnifying 200X, end an impinging apparatus mounted
on a common base, The base is a hollow chamber with the bottom hinged to provide
easy access to the dark field condenser and a circular glass specimen slide., Bymeans
of & hand pump, which is part of the impinging device, & sample of air is drawn
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through & moistening chamber which has at its lower end a narrow slit., The dust is
deposited through this slit on to the circular specimen slide in the form of a ribbon,
The slide can be rotated until the sample comes into proper position for viewing with
the microscope, or a maximum of twelve samples can be collected on the slide and then
viewed, The slides are quickly removeble and replaceable. This dust counter is net
designed for accurate dust determination but rather as an inexpensive device for
roughly checking dust conditions. It has not been available long enough for athorough
test in actual practice,

The principasl objection to instruments like the Bausch & Lomb Dust Counter and
the Owens Jjet dust sampler for determining number concentration is that their dust
collecting efficiency decreases with an increasse in the atmospheric dust concentra-
tion and the fact that they take grad samples,

Since the major portion of dust present in industrial atmospheres is small

enough to gain entrance to the lungs, very little attention need be given to determins-
tions of the exact sizes of particles,
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PART II - DUST PRODUCING OPERATIONS STUDIED

WHAT AR® TES FRINCIPAL DUST PRODUCING OPERATIONS? ~ In order to determine to
what extent if any, workers in the production of petroleum products and associated
activities are exposed to the hazard of breathing dust, & survey of all dust produc
ing operstions was mede mt the various plants concerned, These operations, listed
in order -of their apperent degree of dustiness, are:

1- SAND - BLASTING

Due tp the large mmowmi of finely divided silica dust produced by the impact
of the zrains of sand on the surfece of the object being clesned, sand~-blasting is
the most denrerous silicosis hezard encountered in our survey., Sand-blasting is
used rather ®rtensively Bt oil refineries for cleaning inside sosking drums, bubble
towers, tar separators, run-down pems and storage tanks for metal inspection end to
permit the application of gunite lining as a means of preventing corrosion. Header
boxes or other similar perts, tubes in cracking coil fire boxes and return bends
ere sand-blasted to permit a detsiled end thorough exeminetion for cracks and de-
fects., Sand-blesting is elso employed in the removal of corrosion from under float-
ing roof tanks; for removing roughness or rust from steel shapes or rods; for clean-
inz bell caps, bubble plates, trays, and pipe prior to putting them back in service;
also on the ends of tubes preparstory to placing them for rolling; ané for cleaning
cestings wiich are too lerge or fragile to withstand being tumbled., It has been
used, to a2 limited extent for cleaning buildings and rendering window glass opaque.

The cracking coil tubes, pipe, bell caps, trays, header-boxes and similar ob=
jects ere usually sandblasted out~doors in the open air or in & more or less open
shed, both locetions being ®s far removed as feasible from any shops, process units
or other working places, Coarse river sand is discharged through a one-half tothree~
querter inch nozzle with compressed air under a pressure of 30 to 90 pounds per
square inch. The men at the nozzles stand to the windward side of their work and
wear & "Heslthguard" (Chicago Eye Shield Company) mesk, & Sly Sand Blast Helmet or a
Fresh Air Hose lMask covered with a canves hoods The men at the Sand Blast Machines
weer "Dust Safe" goggles and & M.S.A,"Comfo" Respirator. The Mine Safety Appliances
Company now hes & send=blast hood that is meeting with considerable approval by in-
dustry end eslso by the United States Navy Department. A blower is aveilable for
supplying eir to these hoods that cleans the air, This same blower can be msed in
connection with air-line respirators,

Wher sand=blasting is done inside of drums having more than one opening, such
as sosking drums, an air siphon is placed in the lower manhole which draws out the
dust end allows & continuous circulation of fresh air through the drum, In drums
where the siphon cannot be used, the air circulation is poor and the men work in
shifts ranging from 30 minutes to an hour, depending on the size of the drum and the
amownt of air circulation inside, They also wear an approved sand=blast helmet,

These sand=-blasting jobs are not continuous routine operations but are per-
formed when necessary by men selected from the Common Labor gangs or the Mason's De=
partment, The work is rotated so that in most cases it occupies less than twenty
per cent, of the worker!s time and there is an interval of 15 to 20 days between
sand-blasting jobs. Consequently, on the average, no one man is exposed ta more than
& combined total of 400 howurs during the course of a year., In discussing rotation

of men on sand-blasting jobs, Dr. Gehrmann, lHedical Director of the du Pont Company
wrote:

"I+ must be borme in mind that silicosis is a cumuletive diseese ang,
therefore, the rotetion of men in this type of work cannot be comnsidered
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as entirely preventive, Assuming that a man works in an atmosphere of sil-
ica dust for several months, during whichtime he is bound to absorb a cer-
tain smount of the dust which produces permanent demege in his lungs; he

is then removed and the possibilities are that the demage which is already
done will be sufficient to continue on andprogress to the point where in
later years he will develop symptoms.

“"Therefore, if we take to rotating men in this type of work we are
facing the possibility of, in leter years, developing a large number of
cases of a moderate silicosis with some permanent disability. The only
safe expedient which can be used is complete prevention and this cen only
be done by eliminating the dust."

During our survey we found that men engeged in sand-blasting, thet- is handlirng
the nozzle or attending the sand-blest machine, were more or less properly protected
while actuelly doing the work but often times they removed their protective egquip-
ment before getting completely away from the working area,

A large emount of very small particles is produced by sand-blasting, In an
enelysis of dust samples collected both outdoors and indoors during sand-blasting,
the following distribution (Public Health Bulletin No, 217 = p,52) on a size fre-
quency besis was found:

Size Group in Microns Per Cent of Total
0s00 = 0449.ccvceressnesevsscscccsonnsno 1.4
0,80 « 0499 ceiiscsccccsocerescrvonans 1.7
1,00 = 1048ic.ceevevsssccscseccacasane 34,7
1.50 - 1.99..-00..0.-05occoccooc'oo¢¢0 20-3
200 = 2.4 cccevericcccvrssossonsasen 12,6
2.80 = 2.90iccciiitctcencrecrersnonosons 5.2
3,00 = BedQictiicioncrnricrtcsssnnvocs 2.8
3450 = 3.98ccccceerccrssnrierionsconns 1.6
4,00 @ 4,40¢..c00eesrecerncsscsssscece 1.1
4,50 = 4.90..ciiiciesrectnsticcnrancao 0.2
5,00 @ 5.40.¢cvvcevsnceccarsssonrncnans 0.2
5-50 b 5099;..--.-'-00000o-oo-oct.oo-a 002

While it has been estimated that free silica dust particles, 1 micron in dismeter, re=
guire 8 hours to fall 6 f£t, in still eir; particles 5 microns in dismeter require

less than 1 hour to fall the seme distance. Considering this fact, it is apparent
that the dust hazard from a particular operation mey, even though carried out for
short periods, be acute throughout the working day. In view of the feact that the con-
dition of still eir is rarely, if ever achieved, and that dangerous particles exist

in sizes below one micron, it is evident that a hezard exists,

Fortunately most of the outside sand-blasting is done in more or less isolated
locations which makes it rather improbable that there will be any unsafe silica dust
exposure to other workmen. However, should it become necessary for any work to be
done in the vicinity of sand-blasting operations either on process units or the sand-
tlast sheds or yards, it should be remembered that there mey be silica dust in the
air even though it can not be seen. Dust counts as high as 5,344,160 particles ten
microns or less per cubic foot were found in seamples taken about 50 feet "downwind
(winé blowing about 15 to 20 miles per hour) while sand-blasting cracking coil tubes;
about 9577 of these dust particles appeared angular crystalline under the Konimeter
microscope and were about five microns or less in size. Samples taken about 100 feet
"downwind" from sand-blasting operation had counts as high as 1,812,480 particles per

ubic foot,
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Dust cownts as high as 13,933,440 and as low as 453,120 particles per cutic
foot were found in samples taken during the filling of the Sand Blast Machine feed
hoppers. The high counts were found wher sand was shovelled imbo a smell circular
screen and shaken by hand, the lower count:s, when the sand was simply shovelled in-
to the hopper. The average dust produced by filling or charging the Send-Blasting
liachines was 4,950,316 perticles, ten micrcns or less, per cubic foot.

Dust counts as high as 4,984,320 particles, ten microns or less, were fornd in
sanples teken inside a Sand-Blasting Room while cleaning castings. The average dust
in this room during sand-tlasting was 3,873,625 particles per cubic foot. About 80%
of these particles were angular crystalline three microns or less in size and about
207 eppeared rounded, quertz-like crystals abovt ten microns in size, There were a
few rust-like scales over ten micromns in size and a very large number of minute derk
retallic particles too smell to te counted accurately, The dustiness ol this opere=
tion could be greetly reduced by the use of steel abresives extlusively,

A1l of the samples for dust counts referred to above were teken at face level
in the vicinity of workmern.

6,000,0C0. dus* particles per cubic foot is the tentative meximum sllowable
1imit of dust particles containing free silica of a size less thean 10 microns recon-
nended for sand-tlasting,

II - FILTERING OPERATIONS

The process of filtering is extensively used in the refining of petroleum
products to improve the color stebility and to remove impurities from motor lubri-
cants and pareffine waxes, The three materisls most commonly used for this purpose
are Filter Clay or Fullers Earth, Contact Cley and Bone Black. Considerable dust is
produced by the handling, charging and reconditioning of these materials.

A ~ FILTER CLAY CR FULLERS EARTH:

Whet is Filter Clay or Fullers Earth? Filter clay cannct be identified from
chemicel composition but consists of silices, alumina, iron and alkaline earths in
varying percentages. The distinguishing properties are lack of plasticity and the
power to remove color from oils, There are numerous deposits of this c¢lay and other
filtering earths in the United Stetes; the oldest and among the most extensive are
those found clese to the Floride-Georgia line. One of these, at Attapulgus, Georgis,
supplies & major portion of the clay used by the affilisted Stendard Qil Cexpany
(Wew Jersey) organizations. At the mine this material contains on an average approxi-
mately 32% silica and 45% moisture, The average composition after being processed
and prepared for shipment is approximately:

Si02¢ceesvssccsecnsvensoccsses 67,46 per cent
AIo08. ceereonensncssencssnsvene 10,08 M "
Fezos..--ooc-oooooooo-ocoooooo 2.49 " "
MgOeeeenreeeeaoveacsscccsasoas 4,09 " "
Combined Mois‘bure.......‘.-.... 50 61 " "
Free Moisture€iccecessssccscoee 6.28 * o

The comparatively low dust counts found even in places where there was cleaning and
sweeping is no doubt due to the fact that this filter clay is of a rather coarse ns=
ture and withovt appreciable amount of fines,

There appears to be a wide variatior in the composition and free silica cone
tent of filter clays used in European refineries, "Torrana" a German Filter clay
used in Polend shows:
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Loss in calcinetioN.ieeseecsessse 6,05 per cent
Free Silica (S3i02)esecvecsscossss 8327 " 1"
21203 and FE203ecceoaesscoossseas 8,27 " T

The filter cley used in Roumania is reported as having 60.4 per cent. free
silice or 75.3% total silicates., "Granosil" clay used in Belgium contains & total
percentage of 73-1/2 per cent., of silicates exprecsed as SiO2s, The percentage of free
silice was not determined,

How is Filter Clay Mined and Prepered? - The deposit varies from 2 to 12 feet
in thickness, probasbly averaging sbout 7 feet. There is an overburden of about 36
feet which is removed by an electrically operated drag line or a steam shovel, The
elay is loaded into small cars, trensported to the wet clay shed where it is dumped
on to the drying floor and dried for three dajgs. It is then picked up by orange peel
buckets, loaded into portable distributors end delivered to belt conveyors whichdis-
charge the earth into roller crushers where it is reduced to sizes up to & maximm of
two inches, From these crushers the clay goes to secondary crushers where it is re-
duced to a maximum of one inch, Since the clay is more or less damp very little
dust is produced. The clay is then transferred to tendem oil=fired rotary dryers,
50 to 60 feet long and six to seven feet in dizmeter. In the 20 minutes required
for the clay to pass through the dryers the volatile and moisture content is reduced
40 to 50 per cent, to & meximum of 15 per cent. The average dust ten microns or
less in size in samples taken at various points around the dryers ané conveyors was
1,564,969 particles per cubic foot., This rather low dust count is the result of the
instellation of hoods with ducts to exhaust fans placed over the discharge points to
the conveyors or elevators. About 85% of these dust particles were angular crystal-
line in appearance under the Xorimeter microscope and sabout five microns or less in
size; about 15% were over ten microns in size, The larger perticles had rough edges
and appeared to contain several small air bubbles, The clay is removed from the
dryers to hot rock cooling tanks, then to & vibrating screen. The oversize is mnext
pulverized in a roller mill and the product comveyed to a sifter, An exhaust system
for the mills and elevetors has been instaslled, This process mey be repeated until
the desired size material has been obtained and graded to stendard mesh sizes, the
better known of which are 15-30, 30-60, 60-90, and the 200 mesh. The 60~9C grade is
protably the most cormonly used in the petroleix industry when decoloring by percolaw
tion, and the 200 when contacting. However, the 30-60 is preferred by most of our
refining units in the United States. The size selected is apparently determined
largely by the type of reburning equipment.

Screen tests are made hourly to insure that the sizes are within the specifi-
cations., Here are two typlcel screen anslyses:

30 = 60 GRADE FILTER CLAY

Mesh Per Cent,

07er 30 tocencinsceasssccnsasccnncns 9.7
B0 = 40,ii0ceeccasacresscesessccns 47,5
40 = B0i.iuiicesceccveasconscannans 40,3
60 - 820'-000.0.o.o...o.no.'.t.oh. 1.5
Thru B2 ceceestncesssesvossacoscecce 1,0

Total 10C. 0
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FINES (100 - up) GRADE FILTER CLAY

tiesh Per Cent.
OVer 97 tiivicseereenssccsoensoasans 0.6
97 @ 10Teeeececcesresscssscnacsnna 22,7
157- 200.-.oono..-ooovt--ootoonnoo 8.0

Thru 200, ccieiieeccrecectoncanssess 68,7
Total 100, 0

There is very little dust produced by the sifting operation. All of the cone-
nections are designed to be dust tight but there is some leskage, Samples of air
taken at various points around the sifters while in operation hed en average of
2,208,960 dust particles less than ten microns per cubic foot. About 85% of these
dust particles were slightly sngular crystelline in appearance and five microns or
lesc ir size; ebout 15% were slightly rownded semi-opague tenmicrons or over in size,
The larger particles had small crecks or fissures and seversl small air bubbles,

Iien spend about two hours a dey cleaning, repairing or replacing silk screens
in the sifters. Samples teken during this operation contained an average of
2,039,040 dust particles less than ten microns per cubic foot. Abovt 97% of these
dust particles were engulaer crystalline in appeerance and five microns or less in
size; about 37 were opague over five microns in size,

After being sifted and graded the clay is ready for shipment. The 30-60 mesh
grade is placed in burlap bags holding 128 pounds and loaded into railroad box cars;
ebout 400 bags to a car on an average, Dust counts of samples teken during the fill-
ing of the bags with the 30-60 mesh grade show that there are from 7,589,760 to
9,968,640 dust particles less than ten microns per cubic foot which indicates that
all men engaged in bagging and handling bags in this area should wear approved respi=-
rators such &s the "M S.A, Comfo", About 80% of the dust particles in samples taken
during the filling and handling of the begs appear slightly anguler crystalline under
the microscope and are five microns or less in size; 207% are rounded crystalline, ten
microns or over in size,

Bulk Loading of railroad box cars with the 30-60 mesh grade produces clouds of
dust, but a major portion of this dust is epparently larger than 30 microns in size
es samples taken during this bulk loading had en average of only 6,853,440 particles,
ten micrens or less in size per cubic foot.

The Fines (100-up) grade is put into 128-poumd cottor bags. Dust counts in
samples taken during this operation showed that there were from 4,644,480 to14,216,64C
dust particles less than ten microns per cubic foot in the air being breathed by the
fillers, weighers, sewers and truckers, About 80% of these particles were rounded,
semi-opaque crystalline in appearance under the Konimeter microscope and five microns
or less in size; 20% were semi-opaque crystelline from about seven to fifteen microns
in size. There were also & large number of very smell particles about one micron or
less in size, .

How is Filter Clay Used? -~ Upon arrival at the refinery, the bags of cley are
removed from the box cars by a crew of men usually from the General Lebor Department;
the job being rotated so that the same men do not do this particular operation more
than perhaps twelve hours twice a year on an average, Goggles and "M S, A, Comfo"
respirators are generally provided, The clay is either trucked or dragged to en
elevator or conveyor hopper and dumped and the bags are piled for storage. At points
where the clay is received in bulk, it is unloaded by = large wooder scoop pulled by
& motor driven drag-line. Unloading, handling, and dumping the clay is one of the
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dustiest parts of the filtering operation, The amount of dust produced is of course
dependent on how the work is done, the ventilation provided, and the care used by the
men doing the job. Here are some average dust counts of particles less then ten mi-
crons in samples teken during the unloading of bags of 30-60 mesh Attapulgus clay

Particles Per
Cubic TFoot

Unloading and dumping bags (128 1bs.) into Hopper at a

Southern Refinery....cvocevevecsececececs 5,403,456
Dumping clay from Bags into Elevator Hopper at &

Northern Refinery..ieeecsceceecssoseeess 2,237,280
Hendling bags from Storage and Dumping into Elevetor Hopper

at enother Noarthern Refineryeeeeccceo-eo 755,150
Inside Box Car During Unloading..seeescecescosoccscacessseoscessess 1,110,144
Qutside * ¢ u @ e sebeesenereraessascrensessontarueo 372,924
In Filter House Passageway being used to Truck Clay %o

Elevator hopper......eeecevososesosnscos 339,840
Average Dust Produced while sweeping up inside car after

MN1o8ding.cscescaceccosasvosrsoecssoscscncon 651,360

Apparently umloading clay in the bulk is less dusty than handling and dumping
of the clay in bags. Semples taken during the umloading of bulk clay gave these
average counts of dust under ten microns in size:

Inside car during unloading..csccevecsesoccsnesea 962,880 particles per cubic foot
Qutside " " " certeanccscssnnsseecses 623,040 " u " u

There is of course more dust produced in the vicinity of bulk unloading than is pro-
duced when handling end dumping clay in bags.

After dumping, the new clay is taken by elevators and conveyors to storage
bins which hold about 20 tons each. This is also a dusty operation due to the failure
to cover the storage bins or to place hoods over the junction points of elevators and
belt comveyors, Samples teken during the £illing of storage bins with new clay had
these average dust counts of particles less than 10 microns in sizes

Dust over Bins around elevators and conveyors during

£illing at a Forthern Refinery,......... 1,910,432
& Corveyors while filling at another
Northern Refinery.eceeccececeececacecaoccsaoecneaases 4,275,842
& Conveyors while filling at &
Southern Refineryeieceecssacscccesscsssnsscaseassses 4,531,200
" Face Level on Walkway over Storage Bins Northern

Refinery while Filling Bilieoesevsuioscsavecsesnnsnnos 2,307,776

" n 1n

” 1" 1

Dust Counts as high as 8,609,280 particles per cubic foot were found in samples taken
near the discharge of one belt conveyor into the top of & storage bin. About 90% of
these dust particles appeared angular crystalline under the Konimeter microscope and
were five microns or less in size; about 10% were black, opaque, many scale-like in
appearance and ten microns or over in size,

"SURNING" CLAY - From the storage bins the clay is conducted by chutes and/or
conveyors and elevators to gas or oil fired Wedge Burmers or Rotary Burners or Kilns
in which it is "burned" or roasted, end then discharged into rotary coolers where it
is cooled. Where all openings, chutes and elevstor outlets as well as the ends of
rotary coolers are properly enclosed and an exheust duct is placed over the burner,
very little dust (an average of only 604,160 particlés, ten microns or less in size
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per cubic foot) is produced and no respiratory protection is necessary. Three types
of burners or kilns are used to recondition filter clay. Average dust counts of
semples taken during the operation of these burners give a comperison of the amount
of dust (particles ten microns or less per cubic foot) produced by each:

Total Genersal
Type of Furnece Feedirg About Furnace Coolers Average

Herman=Frasch 0il or

Gas Firedi.e.e..eo 2,624,320,... 3,700,480,.., 2,732,880,.... 2,990,542
Wedge Ges Firedi......... 5,399,680.... 1,522,459,,.., 2,108,590..... 2,395,971
Rotary " M eeeseese 2,087,360,... 1,070,046,... 3,115,200..... 1,818,206

The present practice of using & compressed eir hose to clean up the clay on
the various floors of the Furnace House st one 6% the Refineries is particulerly ob-
jectionable due to the excessive dust (12,687,360 particles tern microns or less per
cubic foot) which is stirred up.

About 90% of the dust particles in samples teken during the burning of filter
clay were engular transvarent crystelline in appeerence and five micrens or less in
size; 5% were round opeque, ten microms or over and 5% were rounded semi-opaque, ten
microns or over in size,

Exposure to dust produced by burning or reconditioning clay is rather limited.
Usuelly there is one firemar for each shift of eight hours, three shifts per 24 hours
and a porter for the day shift only, Since one of the porterts mein jobs is to
"cleen-up" he is exposed more continuously to dust then are the firemen.

CEARGING FILTERS = The cooled, burned cley (30-60 grade) is conveyed to the
filters by means of elevators and belt conveyors and charged through chutes from the
conveyor belt tripper at a rate of from one and a querter to eight tons per hour,
These vessels hold from seven to fifty tons each. The amount of dust produced during
the charging operation depends upon the grade of clay beirg handled, the ‘rate of
charging, the position of the clay on the conveyor belt, the condition of the convey~
or belt, tripper and charging chute; also whether the top manhole of the filter is
left open during the filling. A general average of 54 dust counts made of semples
teken during the charging of filters at all of our plants using 3060 mesh Attapulgus
Filter Clay was 3,717,884 particles ten microns or less in size per cubic foot, The
amownt of dust produced by the charging operation veries considerably at the various
plants as is shown by these averages:

Refinery Charging Rate Particles per cudbic foot
Beton Rouge 8 tons per hour 4,271,413
Bayway l-1/4 " » n 2,435,520
Bayonne 3-1/2 v o m 2,242,944
Eagle Works 6 vou " 1,042,976

It is the general belief that the more times & cley has been used and reconditioned,
the less dust is produced duwring its hendling, Our study does not confirm this be-

lief as appliceble to dust produced while charging filterss Averages of dust counts
in semples teken during this operation were:

1 ClBYecereeneccecansnees 2,242,944 particles per cubic foot
3 N eeiieieeiaiiieeeies 4,604,832 " " " "
10 " seiiieiiieiieaae.. 3,896,832 " n " n

SRS

EM001509



«20=

According to an analysis of particle size made by the Bayomnne Latoratory of a
sample of Raw (30-60 grade Attapulgus Clay) No.1, -No.3, and No.8 Wedge clays, the
following 3is the size classification or distribution:

Rew Clay #1 Clay #3 Clay e Clay
Coarser than

100 mesh 98.5% 0eeennnee 9% 4%t eeeeioese98.T%e0eseess 98, 3%
Diameter of Particles Raw Clay #3  Cley #8 Clay
fillimeters Microns Per Cent Per Cent Per Cent
.149 to ,074 149 to T4 0. 14355 1. 00750 0. 5415¢
.074 M ,044 74 " 44 0. 55095 0, 17186 0. 08449
.044 " ,035 44 % 3B 0. 29760 0, 05369 0, 04585
.035 " ,025 35 " 25 0. 21555 0. 03887 0. 01603
.025 " .015 25 " 15 0.17550 0.01729 0. 00847
.015 " ,005 5 " 5 0. 11640 0. 01027 0. 00336
.005 7,001 5 " 1 0, 00045 0. 00052 0. 00021

Atout 85% of the dust particles in semples teken during the charging of #3
clay were slightly angular in appearance and five microns or less in size; 159 were
rounded semi-opague, ten microns or over in size, About 75% of the particles in
samples teken during the charging of #10 clay were slightly angular crystalline, five
microns or less in size; sbout 20% were over ten microns in size and were semi-orague
about 5% were round semi-opague between five and ten microns in size, All of the
lerger particles appear to contair small bubbles., There are numerous small black
specks about one-quarter micron in size.

Charging of filters is usually done by one man per shift for each filter
house., There are three shifts a day, These mer have an average service of about 20
yeers and work eight hours & shift, nine shifts out of fourteen.

Vertilation is provided in the newer filter houses by eighteen-inch roof ven-
tilators extending about twelve inches above the roof and also by windows which oc~
cupy sbout 80% of the wall space in front of the top of the filters,

DUMFING FILTERS - After the filters are charged with clay they are plated up
and the o0il is allowed %o percolate through the clay for several hours, the length of
time depending upon the nature of the oil run and the "yield" of the clay. The o0il
is 81l drained off and the clay is then washed with nephtha or "Varsol" and steamed
to remove all trace of the naphtha, After this the filter is dumped on to a canvas
belt conveyor and the clay returned to the kiln for burning or reconditioning., Filter
clay is used as many as fourteen times before it is finally discarded, In order to
determine what effect the reconditioning of filter clay had on its free silica con-
tent samples were analyzed by the New York State Department of Lebor, Division of In-
dustrial Hygiene with this result:

Times Burned % Free Silice

Raw Clay..eeevescnsnoase 6,30
OnCE...iiievssnennnnaans 8,50
THree, ,veeceesesvennnss . B8.20
Eight......c.... veeesess 530

Considerstle steem is usuelly given off during the dumping which probably
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explains the smaller dust count (a general average of only 2,518,781 particles temn
microns or less in size per cubic foot) than would be expected. The dustiest part of
the filter dumping operation is sweeping up the floor under the filters after dump-
ing is completed. Samples taken during this sweeping or cleaning up hed &s high as
16,538,880 particles per cubic foot, although the general average of samples teken
during dumping at the verious refineries was 2,514,816 particles per cubic foot. About
95% of these dust particles are slightly angular cryste.ll:me in appearance under the
Konimeter microscope end are above five microns or less in size; about 5% are rounded
semi-opaque over five microns in size. Occasionally the clay doesn't "i'low" when the
filter is opened and must be started "flowing" by means of an iron bar. This action
causes some dust (2,888,640 particles per cubic foot) but not as much as pounding the
bottom and lower sides w:.'th a sledge (4,248,000 particles per cubic foot) as is some-
times done, After the clay has run out, the inside of the filter is swept out with a
broom which produces & little dust (an average of 792,960 particles per cubic foot),
The filter is then pleted up and is ready for recharging.

The work of dumping filters is done by one men per shift, for each filter
house. These men have sn average service of about ten years end work eight hours a
shift, nine shifts out of fourteen., They are exposed to dust less than 60 per cent.
of their working time,

Spent clay is used to a limited extent for packing around velves and fire hy=-
drants to prevent freezing; also for certain other small absorbing job such &s on the
warehouse floors of same of the larger bulk sales plents where lubricating oils are
transferred from barrels or drums to smaller conteiners, or losded into five gellon
cens from bulk. Most of the spent clay is disposed of, however, by dumping it on
nearby Compeny property and, to & lesser extent on railroad property near river banks.

Composition of Filter House Air Borne Dust; Samples of dust from Attapulgus
Claey, which had settled on the tops of elevator housings and on girders over the
storage bins in filter houses, were submitted to the United States Bureau of Mines Ex-
periment Stetion for petrographic examination., Ordinarily positive results are not
obtained in petrograp:ic tests for the identification of minerals in atmospheric dust.
However, the samples submitted were coarse enough to give results in most cases, 1In
studying the resuits of the petrographic exeminations it should be borme in mind that
the samples submitted were settled dust, and that they are not representative of the
composition of the dust that would be breathed generally owing to the differential
settling rates and the ease with which the various mineral constituents can be crushe
ed to a powder,

"Montmorillonite" ((Mg, Ca) 0.Alz 03, 5Si Op. nHR0 =~ n=5+to08) is the miner-
8l that is charecteristic of many types of fullers earth., Not all of the less im-
portant minerals found were fully identified,

Clay dust from top shell of elevator = Top #2, Herman-Frasch Furnsce.

Quartz - 107 Montmorillonite - 803
Calcite, Microcline and Unidentified - 10%

Dust from saccumuletion on pgirder over clav storage bins - #4 Filter House,

Quartz - 107 Montmorillonite - 70%
Possibly other clay minerals present, opegue - 20%

Dust from accumulation on girder over clay storage bins - #1 Filter House,

Quartz - Over 1% Montmorillonite = 557
Opagque = 40% Unidentified -~ 57
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Control of Filter Clay Dust: Dust in a filter plants results principally from
the operation of the clay handling machinery., The condition is aggravated by the
present practice at some refineries by using en air h9se to §low gccumulated dust.and
spilled clay from equipment, walls and floors. Handling a fine light dust producing
material, such as filter clay, in a system which includes open belt comveyors is in-
herently a dusty operatiom, (12,687,360 particles, ten microns or less in size, per
cubic foot). It is difficult to prevent some dust froam being generated at urloading
points where the clay falls into chutes or bins, but it can and should be controlled
by means of hoods, enclosures, and adequate exhaust systems with effective dust collec-

tors,

There will alweys be an irreducible minimum of spillege and dust settlement
wherever dusty material is handled in systems such as exist in most refinery filter
houses. This is an economic waste and increases the difficulty of the dust control
problen. Unless the present practice of cleaning dust spillege by blowing with come-
pressedé sir is chenged, the necessary periodic cleaning will continue to be & very
dusty and umhealthful operation even though all precautions have been taken to pre-
vent the escape of dust from cley handling equipment. A modern industrial vacuum
cleaning system would do the Jjob efficiently, without creating any dust.

The principal source of dust in filter buildings is the belt conveyor which is
usually located at the top of the building., Gusts of wind from the monitor blow the
clay and dust from the belt., A certain smount of dust is also generated by cley fall-
ing into the tripper chute (6,060,480 particles per cubic foot) and discharging from
the tripper chute into the chute leading to the various filters (7,306,560 particles
per cubic foot)., This could be considerably reduced by inserting canvas or sheet iron
connections between the ends of <the tripper chutes and the chutes to the filters,
end by using a properly designed belt tripper on the conveyer belt,

Bins for the storage of filter cley should be closed with steel decks having
the smellest possible openings in the form of chutes to receive clay from the convey-
ers, If care were teken not to overflow the bins, the dust and spillage could be
greatly reduced,

For complete control of dust, an exhaust system equipped with dust collector,
fan, ducts end hoods should be installed to remove dust from the points of origin,
such as, all urloading points (except movable trippers) of each belt comveyer in the
building, new clay bins and burned clay bins. One estimate which has been prepered
for such an installation calls for an exhaust system with a capacity of approximetely
15,000 cubic feet of dust laden air per minute, and is based on meintaining an inward
flow of air at openings into hoods and bins at a recommended velocity of 200 feet or
more per minute, In considering dust collectors, it should be bornme in mind that the
cyclone type will not remove the fine dust particles (ten microns or less in size)
which are most injurious to health, and that the cloth bag type filter has been proven
to be more successful in removing these fine particles,

Under existing conditions at most plants it is slmost impossible to keep the
plants clean, regardless of how carefully the equipment is operated. However, the ine
stallation of a vacuum system and adequate dust collectors should encourage operators
to exercise more care in the operation of equipment and thus cut down the amount of
dust and spillage.

B .~ CONTACT CLAY:
Most contact clays, particularly in the United States, are acid trested "Ben-

tonite". Bentonite is a non-refractory clay, a double silicate of iron and aluminum,
derived from the shale of the Fort Benton formation in the upper Missouri valley.
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There appears to be & wide variation in the camposition and free silica cone
tent of American and European contact or activated clays. "Filtrol" an extensively
used American contact clay is reported to contein ebout 57% free silica (silice which
is insoluble in concentrated hydrochloric acid)., "Milwhite", anocther extensively
used American contact cley, conteins 65% free silica. The contact clays listed are
those most extensively used in Europe:

Insoluble in Insoluble in Concentreated
Concentrated HCL HCL end 5% NAp COz._
"Ivry" Clay (Fremch).vevsos. TEe 0 eervrsnnonne 64.6%
"Terrena Extra" (Germen).... B4edT cevronsosnne 27.2%
"Clarit" (Itelian)..ecioo.so 49, 5% civnconsonne 50, 6%

"Tonsil AC", another French contact cley, has 61, 75% free silica,
The mein constituents of "Petrisil", a German contmct clay, are:

Totel SiliCBe..cvsvesosocene 51-57%
Lime (COC)reeureeneonacvenss 0.63%
Aluminum end Iron Oxides.... 18,83%
Loss on ignition (Water).... 23,62%

The balance probebly consists of
potassium and sodium oxides.

The following is the result of & petrographic exeminstion
of "Petrisil" which was mede at the United States Bureau
of liines experiment stations

Qu&!"bz..............‘......- 5%
Montmorillonite..ecveeeerses 90%
Unidentified Minerals.ece.es 5%

The use of contect clay for improving the color of lubricating oils is a re-
cent development,

At present the price of contact clay is so low that it is used only once and
then discarded,

Although there are many contact clays on the market, a large percentage of thet
used by the Standard group is known as "Filtrol", consequently this was included in
our dust studies,

What is "Filtrol" and How is it Produced? "Filtrol" is a pulverized scid treat-
ed Bentonite, used as a decolorizer, absorbent and deodorizer in the refining and
preparation of both organic and inorganic oils. It comes from "open cut" mines in
Mississippi and California, and occurs in beds sbout two and one-half feet thick
wder an over-burden of some eighteen to twenty-five feet, There has been some doubt
as to its origin, but it is now believed to have been volcanic dust transported by
the air and deposited under the waters of either & lake or a sea. Raw Bentonite is
mined and loaded onto trucks with steam shovels, and then taken to the preperation
plent., A tractor scoop lifts the raw material from the storage shed floor and places
it in a hopper out of which it is fed into an elevator by means of a steel pan feed-
er. The elevator discharges into a crusher which breaks the material down sufficient-
ly to enable it to pass through & screen (three meshes to an inch) onto a belt con-
veyer which takes it to a pre-mixer where it is mixed with water to form a "slurry".
This slurry is passed into large wooden tanks and treated with dilute sulphuric acid
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agitated with air and steam,
ed to an Oliver filter,
and imp mill, and classifier.

It is then dumped into thickeners, washed, and deliver=
From there it goes in turn to & pug mill, drying tower, cage
The finished product is placed in e bin where it is

put into fifty pound Bates Valve paper bags by means of a Bates Bag Packer. It is

shipped in railroad box cars, each having & cepacity of from 1600 to 2000 begs. The
three grades of "Filtrol" in greatest demand are:
GRADE Per cent. of Coarser Finer
(Per cent. thru Total Than 200 - 325 Then
200 mesh) Production 200 Mesh Mesh 325 Mesh
85 - 88 80 14. O% 16. O’% 70. 0%
75 - 88 16 23, 0% 24, 0% 53, OF
90 - 93 5 8. 0% 23, 0% 69. 0%

The only reel dust producing operations in the production of Filtrol are the
£illing, stacking and hendling of the fifty powmc bags. Samples of dust taken during
these operations revealed the followings

Operation Particles per cu ft,
Aversge dust filling bags with 85-88 grade 10,416,096
" "  pecking room while filling bags 9,572,180
" " produced in handling of filled bags 5,845,248

An exhaust system has been instelled to reduce and control the dust produced
during the packing of Filtrol, This consists of a metal hood above the filling tubes
in front of the machine, with a bacsin below. A seven-inch duct leads from the basin
and & six-inch duct to & canopy in back of the packer, both connecting with a ten-
inch mein duct whioch runs to & Sturtevant Fen (1750 R, P.M. ) designed to handle 1,620
cubic feet of air per minute against four-inch weter static pressure. A cyclone dust
collector removes the larger particles from the air before delivering it to a tubular
eloth dust collector,

About sixty per cent. of the dust particles of samples teken during the file-
ling operation are slightly angular crystalline in eppearance under the Konimeter mi-
croscope, and are about two microns or less in size; approximately twenty per cent,
appear to be rounded crystalline, glass-like, but with rather smooth edges, and over
ten microns in size, There are a large number of very small gray particles (about
twenty per cent.) too minute and too numerous to count accurately,

Whet is the Chemical Composition of "Filtrol"? Below is the result of en an-
alysis by & commercial cliemical laboretory in Los Angeles, California, of a sample
of Filtrol from the Jackson (Mississippi) plants '

Per Cent.

Silica (SiOZ).-.'..-o-oaooo-..o-..ooonoo 56.90
Aluming (ALl203)cevcecccscsceoscccccsnses 1397
Ferric 0xide (Fe203)ecesceccrecanncoeees  lodd
Titanium Oxide (Ti02)eceeeececccvoccasss 0o 10
Calcium Oxide (Cao)o.o-c-.ocun.o.c.o.o.' 2.82
Megnesium O0xide (Mg0)eseseoeesssseacocae 3455
Manganese Dioxide (MnOo)eseeesvececeocee -

Carbon Dioxide (C02)evesecseseveccssonas -

Potassium Oxide (E20)iscessacesccsacsese 0,03
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Per Cent,
Sodium Oxide (NB20).u.viaeersnsrcnconans 0. 04
Chlorine (Cl)eeeveeceerevensocanovanonss -
Phosphoric Anhydride (P205)ievescesscnss -
Sulphuric Anhydride (SO3Z)ecescsccesccens 0,63
Total ignition 1oSSceerecirireinncenonns 20, 00

Free HoisStUrGeereerereeonnonaccaasosnnne 12,23

"It is customar: to separately report materials such as Silica (SiOp)
and Alumine (A1p0z) in ultimate enelysis although the elements are
known to be in combinetion wi*h one another, It is difficult to get
ar enalysis of free Siliea. and since the gquentity contained in Filw
trol would be very smell, we have not attempted to have this per-
ticular enelysis made,"

The following is the result of an anslysi: of "Super-Filtrol" which was made
in Frence:

Per Cent,

Hoisture at 120 degrees C ...vieuas.. . 16. 56
Loss on ignition ...e.cnvuen.n e iteeerae 338+ 5
Insoluble in concentreted ECL........... 86,0

(Total Silica end unattecked crystels)
Insoluble in HCL 2néd in & 57 NepCOz solution. 18.0
(siler, quartz and wmettackecd crystels)

A microscopic examination shows & few particles with
"acute angles",

An examinetion mede by the United States Bureau of lMines Experiment Station in
Pittsburgh, Pennsylvanis showed that Filtrol contains more than 1% quartz, 95%
Montmorillonite ((Mg, Ce) O.A1202~5Si05=-nHpO==n=5 to 8) and 5% unidentified minerals,
A similar examination of Attapulgus Fines (200 mesh) showed 5% quartz ané 95% Monte
morillonite,

How is Contact Clay Used? The clay is mixed with oil, agiteted and heated, and
either allowed to settle or run through a filter press, It is then discarded. The
clay is either dumped directly into the oil or placed in & hopper from which it flows
into induactors or mixing chembers where it is mixed with the o0il and then pumped to =
filter tank, The only dusty operations are the unloading of the material and dumping
it into the hoppers or mixing chambers., The higher dust counts with the contact clay
as compared to filter clay is probably due to the fact that it is a finer material,
or at least disintegrates more easily than the filter clays studied.

Semples teken during the dumping of Filtrol and Attapulgus Fines into & reeoc=
tion chamber gave the following dust counts,

Cperation Particles per cu, ft.

Avernge dust produced while dumping 50 pound 6,768,480
bags of "Filtrol"..."....b.'...."‘...G...

Average dust produced while dumping 100 pound
tags of "Attapulgus Fines"...eececeecnccces 9,260,640
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Under the Konimeter Mieroscope the particles were rounded in appearance, The "Atta-
pulzus Fines" appeared more crystalline and angular, and had a greater proportion of
particles five microns or less in size than did the "Filtrol". The counts indicate
thet more dust results from dumping Attepulgus Fines than from dumping Filtrol acti~
vated clay.

Dumping fifty pound begs of "Milwhite" (90% through 200 mesh), a Texas contact
¢lay, "into the feed hoppers to the imductors or mixing cherbers is an exceedingly
dusty operation, Samples taken during this operation had as high as 14,046,720 par-
ticles ten microns or less in size per cubic Toob, Samples teken in the middle of
the room just after thirty begs had been dumped into the hopper had 55,847,040 par
ticles per cubic foot. Under the Konimeter Microscope, sabout 50% of these particles
eppeared slightly crystalline, and were five microns or less in size; 10% were round
senieopenue, .. ten o twenty microns in.size, .There were alsc & few scele like par-
ticles,

?

Fourteen men with an average service credit of six years are involved in this
operetion, Three men are exposed to the dust during six hours of each eight hour
shift for nine of the fourteen shifts during the 85% of the time the filtering plant
is in operation. They wear 1. S,A. "Comfo" respirators.

After extensive study and investigation the local menagement has made arrange-
ments to receive the cley in tenk cers similer to those manufezctured ty the Genersal
American Tenk Car Company. These cars are self-unloading and will discheargze into an
enclosed hopper, The clay will then be transported to storage bins by means of g
screw conveyor completely enclosed in ten-inch tubing. It will be withdrawn from the
bottom of the bins, passing through weighing scales, into the inductors where it will
be mixed with the oil,  This will provide = rompletely closed system and should
elimimate all air comtmmination,

C -~ BCNzZ BLACK OR CEARRZD BONE:

Refined wax is filtered through bone black or charred bozne to improve its
color, This material is ottained fram various mest packing firms in finely woven cof=
fee bags that hold sbout 150 pounds eack. An open belt conveyer and elevetor carry
the tone directly from the reactivating furnece to the covered filter charging hopper.
Metal chutes lead directly from this hopper into filters which hold about 3,000
powmds of bone black. Upocn completion of filtration the bone is washed with "Varsol"
steamed for atout 24 hours, washed with hot water, steamed for two hours more, ard
then dumped upon belt conveyers which carry it to the reactivating furnsce which is
gas fired, The bone goes through the furnace at a temperature of abovt 1100 degrees
Fahrenheit and at the rate of about 250 poumds per hour, Bore black can be used over
end over again. Three men one on each shift, with an average service credit of
filteen years, are engaged in this operation, Their period of exposure to dust is
ebout one hour per shift. The greatest amount of dust produced results from the open
conveyers, particularly in dumping the material from the furnzce onto the conveyer
belt. Semples taken during this operation had as high as 11,044,80C particles of ten
microns or less in size per cubic foot, Consideratle dust (14,273,280 particles per
cubic foot) also arises from the open hateh of the filter charging hopper during
£illing. An eight-inch motor driven exhsust fan has been installed to suck back the
dust from where the elevator buckets dump the reactivated bone into the chute to the
charging hopper. The dust loss from this filtering operation is estimated to be about
1500 pounds per morth.

Under the Korimeter Microccope about 65% of the dust particles of samples taken
during the remctivation of bone black appear to be black, opague, scot-like, and are
five microns or less in size; 5% are rounded, semi-opeague, ten microns,or more in size.
The angular crystalline and light grey particles which g¢onstitute about 30% are probatly
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bone ash,

III - INSULATING OPERATIONS

Inswletion plays an importent part in the processing of petroleum products,
The two types of insulating material most frequently used are "Sponge Felt" (asbes-
tos with ground sponge to give dead air space and thus increase the effectiveness
of the insulation) and a mixture of 85% megnesia end 15% asbestos, Rock wool is
used to & considerably lesser degree, In the ordinary comrercial form, Rock Wool,
as used at our refineries, does not present & dust hazard, It is also used for
house insulstion, and is available in small nodule form which can be blown into
plece. "85% magnesia" is a mixture of magnesia end graruleted asbestos and pressed
into blocks of various sizes and shapes (usually 16" x 18" x 1-1/2"), The most dust
comes from dismentling old insulation snd grinding scrap material for use as & plas=
ter or "ganister", The average service of men engaged in insulating operations is
ebout fifteen years, DMost of these men have been transferred from the Common Labor
Department., They work nine out of fourteen eight-hour shifts, in gangs of from two
to six men, and are actually exposed to dust for less than sixty per cent. of their
working time, Goggles are sometimes provided, and occasionally MSA "Comfo" Respira-
tors, but this equipment is not used as much as it should be. Generally speeking,
atout 85% of their work is with sponge felt and 15% with 85% magnesia insuletion,
At one of the larger southern refineries about 300,000 square feef of sponge felt and
50,000 squere feet of 857 magnesia are handled a year,

A - Vhat Physiological Reactions are Provoked by Insuleting Materials? According
to Dr. Leroy U. Gardner (Journ, Indust,Hyg.Mar,1937,Vol.19, No.3, P,121) asbestos dust
with its fibrous particles does not seem to be readily handled by the protective
mechenism of the lungs., Quoting from his article:

"They sre not removed to the lymphoid tissue but remein in contact
with the delicate walls of the air spaces. They becore surrounded by
an iron=containing coating thet fractures and gives rise to the pecu=
lier structures kmown as 'asbestosis bodies!, The fibers are irri=
tating, perhaps because of their form, and they excite & fibrosis
which begins about the terminal bronchioles and spreads to form dif=
fuse patches in the parenchyma., Often the distribution is sub-pleural,
In the presence of infection, the reaction to asbestos dust is much
more severe than that caused by the dust alone, "

There is nothing in the pertinent literature, mor does the Bureau of Mines
know of eny evidence, which would demonstrate megnesite (& natural megnesium carbone
ate) to be harmful. It would fall in the class of "nuisance dusts" such as gypsum,
While many of the so-called "nuisance dusts" have never been found to be harmful, it
is the opinion of most investigators in the field of industrial hygieme that no work-
er should be exposed to any dust in & concentration exceeding 75 or 100 millions
of particles per cubic foot of eir,

lation work and the amount of dust produced. A few examples, however, will give a
good general idess

INSULATING 12" STEAM LINES: 6" x 18" x 1-1/2" blocks of 85% mag-
nesia are tied on the steam line with l4wgauge galvanized wire and
covered with roofing paper to make it waterproof, Often times this
work is performed on seaffolds twelve to fifteen feet above the ground,
with men lying on their backs under the line part of the times
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Considerable dust (as high as 18,124,800 particles of less than ten
microns per cubic foot) results from tapping the blocks into place,
Semples taken during the entire operation had an average concentra-
tion of 6,881,760 particles per cubic foot, About 90% of these dust
particles were slightly angular, crystalline in eppearance and above
five microns or less in size (as seen wmder the Konimeter Microscope);
5% were rounded opaque, ten microns or more in size; and 5% were
opague scale~like, five microns or more in size, Samples taken while
applying asbestos sponge felt to a 12" steam line had a dust concen-
tration &s high as 23,788,800 particles of ten microns or less in
size per cubic foot. The average was 12,574,080 particles per cubic
foot. These dust concentrations are considered too high for worke
ing without adegquate protection.

INSULATING A 750-POUND CRACEING COIL ACCUMULATOR: 6% x 36" blocks
of Johns-Menville "Fire Felt" are first applied and plestered with
extra AA Rubberoid Asbestos Cement and waterproofed with Johns-
Manville "Insulkote". The dustiness of handling these materiels has
been consideratly reduced since the manufacturers begen shipping the
"Fire Felt" in cardboasrd cartons conteining thirteen or twenty
blocks, and the plaster in hundred-pound paper bags. Samples taken
during this operation had an average dust concentration of 4,502,880
perticles, ten microns or less in size per cubic foot, About 75% of
these dust particles were slightly angular in appearsnce, five mi-
crons or less in size; 10% were scale-like; opaque; and 15% were
rod-like and fibrous.

INSULATING TREATING FLANT ACID SUCTION LINE: Sections of "“Sponge
Felt Pipe Cover" are cut to fit pipe lengths with an ordinary carpen~
ter!'s hand saw, This operation produces on an average 821,280 par-
ticles of dust, ten microns or less in size, per cubic foot, TUnder
the Konimeter Microscope all of these particles are slightly angular,
crystalline in eppearance, and five microns or less in size, The
blocks or sections of the pipe cover are held in place by wrapping
#16 gauge galvanized wire about each one,

INSULATING CRACKING COIL HOT OIL LINES: All hot oil lines at crack-
irg coils are insulated with 2" asbestos tubing (85% magnesia and 15%
esbestos) held in place by fine copper wire, Sections of the tubing
are cut to fit particular areas by means of an ordinary carpenterts
hend saw, This produces 7,788,000 particles of dust, ten microns or
less in size, per cubic foot, Under the microscope, 90% of these
dust particles appeared to be rounded erystalline and about three mi=-
crons or less in size. ©Each section of tubing is pounded into place
with the open hand so that it fits snugly against the pipe, and then
wired into position. The dust produced from both of these operations
averages about 3,379,520 particles per cubie foot, Under the micro-
scope, approximately 80% or 80% of the dust particles appear crystal-
line, more or less angular, and five microns or less in size; the re-
maining 10% or more are rounded in appearance, and over ten microns
irn size,

DISMANTLING OR REMOVING OLD INSULATION: As s general rule, the
dismantling or removel of old insulation is a more dusty operation
then the spplication of new insulation, The old insulation is chopped
or cut with a hatchet or small hande-axze, and pried loose and pulled
off with the hands, This produces dust concentrations as high as
5,890,560 particles, ten microns or less in size, per cubic foot. Imn
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dismentling an old cracking coil 4" tar line, the average dust concen-
tration was 2,322,240 particles per cubic foots, In appearance these
particles were olear crystalline, rather rounded, and five microns or
less in size, XNo fibres were observed in any of the dust samples from
dismentling operations, After a few weeks or months service, insula-
tion on hot lines dries out and appears to disintegrate. This is prob-
ably due to the fact that such insulation is usually covered with a
weather-proof material which prevents absorption of moisture from the
alr,

CRUSEING SCRAP ASBESTOS: Scrap asbestos insulation, usually the
B85S magnesia type, is crushed in a belt-driven Williems crusher to pass
through & screen with one-~inch holes or slots, and is then mixed with
new asbestos to make insuleting plaster, This operation, which is a
very dusty one, is performed by two men, with ean average service credit
of about twelve years. Goggles and MSA, "Comfo" or Willson Dust Respiw
rators are worn. Considerable dust is produced in breaking up the
scrap insulation by hend prior to crushing (10,195,200 particles, ten
microns or less, per cublc foot), and also when feeding the crusher
which is done by shovelling the broken=up pisces into the hopper and
poking them down with a short wooden stick (14,839,680 particles per
cubic foot), Dust counts as high as 27,527,040 particles per cubic
foot were found in semples tsken from over the hopper. These dust con-
centrations are dengerously high, About 95% of these particles are
sharply angular, crystalline in appearance and five microns or less in
size; 5% are opague scale-like, six microns or more in size, Crushing
scrap asbestos is not & steady routine operation, the exposure varying
from eight hours a month to about twelve hours a week,

CRUSEING OLD CORK INSULATION: This operation is performed approxie
mately twice a year and takes about twenty or thirty minutes. The ine
sulation is crushed on a belt-driven Williams crusher, by the same men
who crush the scrap asbestos. This crushed cork is used for insulating
lines in the cold settling plant, The average amount of dust produced
is 20,016,178 partiocles, ten microns or less in size per cublc foot,
About B0% of the particles are slightly anguler, crystelline, in ap-
pearance, and five microms or less in size; 20% are round, semi-opague,
ten miorons or more, There are also & large number of very small black
or dark grey specks.

IV - GUNITING OPERATION

Whet is Gunite and How is it Applied? = Gunite is & mixture of approximately
one part (one 94 pound bag) of Portland Cement and two parts (twelve scoop shovels)
of clean sharp sand. The sand and cement are mixed dry, shoveled into the hopper

of & Gunite machine, using weter under about 40-pounds per square inch pressure and
compressed air at thirty to ninety pownds per square inch. It is applied wmder pres=
sure, as a semi-fluid, against the surface to be protected (usually process equipment,
such as, cracking coil sosking drums end storage tanks), In practically every case
where guniting is done, it follows immediately, after the sand blasting job used to
clean the surace., In most cases, the work is performed by the same crew, The indi-
vidual holding the gunite nozzle is provided with the same protection as is the
operator of the sand blest nozzle, and the men tending the gunite machines are pro-
vided with respirators and are required to use them while actually handling the sand
end cement, This involves mixing the materials and charging them into the machines
(the two dustiest parts of & guniting job), Semples taken during these operations
showed the following dust counts of particles ten microns or less in sizes
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Operation Particles per cu, f't,

Sereening sand prior tomixing with cement.. 2,493,160
Mixing batchiveeeereennvensaeans, cvesseacees 1,699,20C
Shoveling mix into hopper....cvcceceeaees.. 6,485,280

About 407 of the dust particles in samples taken while mixing the bateh and
£illing the hopper were crystalline, quartz-like in appearance, and about five mi-
ecrons in size. The remsinder were dark grey in color and below one micron in size,
The dust particles in air coming out of the bottom menhole of & soaking drum being
gunited averaged 528,640 particles per cubic foot, and were slightly angular,
erystalline in eppearance and four microns or less in size,

A punite crew consists-wf six men, The average service credit of the men in
the Crews studied was eight years. Two "nozzle-men" who "spell" each other every
two or three hours apply the gunite., There is one man at the gunite machine, and
three men screen the sand and mix it with cement. Only about 25% of their working
time, or nine hours per week per man, is devoted to guniting,

Removel of Gunite Lining: Pneumatic chisels are used to remove gunite lining,
Semples taken from inside & cracking coil taer separator during this operation had as
high as 16,595,520 particles of dust, ten microms or less in size, per cubic foot,
and an average of 10,804,080 particles per cubic foot. About 75% of these particles
were rounded, anguler, more or less opague, in appearance, one micron or less in
size, and 25% were angular, quartz-like, about ten microns or less in size. A chemi-
cal analysis of the gunite lining showed that it contained 68,2% free silice, Four
men from the Plant Labor Department, with an average service of seven years, spend
ebout twenty hours per week removing gunite linings from process equipment, An air
syphon provides ventilation, and the men ere reguired to use the goggles and respira=-
tors which are furnished them,

V - WELDING AND CUTTING OPERATIONS

Welding hes never been considered a dust-producing operation, However, our
studies end those of others indicate that the use of the modern coated electrodes or
rods produces a large smount of dust in addition to the fumes which are evolved, An
electric arec is used for most of the welding around refineries, There are a number
of welding Jobs, however, for which oxy-acetylene is used, Oxy-acetylene is also
used for practically all burning or cutting,

A = WELDING OPERATIONS:

1, ELECTRIC ARC WELDING: Electric arc welding is used on all types of con=
struction and repair work, The average service of the electric welders is
about two years and most of them came fram the Labor Department, having
been developed into welders at the individuael plants, They are exposed to
particulate matter generated by the welding operation on an average of six
hours per shift, nine shifts out of fourteen. This particulate matter is
ordinarily referred to as "fumes or smokes", The particles when found

have a much smaller size range than that of dust, such as silica, With some
operations there may also be some dust present, but the product formed fram
volatilizing the metal and rod coatings is commonly termed a "fume", All
welders are provided with approved hand shield or helmets equipped with #10
Noviweld lens, Welding in shops is done in canvas or wooden booths, A
steam or air syphon is installed when any arc welding is done inside of closed
vessels such as drums or towers,

What sre Coated Electrodes? Coated electrodes are metal welding rods covered
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with & composition which prevents oxidation and permits the formation of stronger and
more uniform welds.

Whet Do These Elecirodes Contain and What Products Result From Their Use? 1In
generel, the_antings used in modern coated welding electrodes are patented or trade
secrets, with special virtues attributed to each, Obviously, it is inadvisable to
put into these coatings materials which might produce products harmful to man,
Nevertheless, chemical anslyses of both the costings and their products indicate that
the continual use of scame of these rods might possibly lead to complications.

Most of the arc welding at our affilisted plants is done with 55 Fleetweld
costed electrodes which come in two sizes (5/32" and 3/16")'anﬁ with General Elec~
tric W-20 5/32" costed rods, Other rods sometimes used are 74 Stainweld EmpS alloy

welding rod, 573%™ Steinweld A rods for steinless steel, and lMurex"liickel Steel coate
ed rods, Among the constituents of some of these electrodes coatings zre:

Per Cent.,
Coated Electrode Brand 8102 Fluorine Calcium Fluoride
"Fleetweld", Lincoln Electric Coveves.s.a. 30,28 - -
"lMurex". American Metal & Thermite Co.....28,05 - -
"USS Cr-%i 18-8", Amer, Steel & Wire Co.... 37,20 - 14,50
"Steirweld", Lincoln Electric COives..e...12,101 21,20 43,50
"Rezistel KeA=-25", Crucible Steel Co......24,03 13,40 present

A1l of the above coatings also contain Iron Oxide (FepO3z) Mengenese Oxide,
either 'mp0z or MnO or both, and Aluminum Oxide (Al203), in varying per=
centages.

The composition of the fluxes or coatings used in G & E types W=20, W=22 and
W-23 is not available, but it is known thet they contain smowmts of free silicates
end free silice, According to determinations made by the General Electric Company,
the maximum concentretion of free silica on any of their electrodes umder a particular
set of conditions is 1,575,000 particles per cubic foot of air with We20, 778,000
with W=22, and 1,093,000 with W-23 wnder other conditions the concentrations might be
higher or lower than those given, The maximum permissible concentration as listed

by the Metropolitan Life Insurance Company is 7,000,000 particles per cubic foot of
air,

Coatings also contain cotton fiber, cellulose, or other organic pulp which
creates fumes, but since we are only concerned with dust in this study all fume pro-
ducing materizls will receive no further consideration.

Weldinz corrosion-resisting steel with coated corrosion-resisting steel elecw
trodes forms a slag, smong the major constituents of vhich ares

"Stainweld" TUSS CR-Ni 18-8 "Rezistal®

Fluorine (F).o..oo.o.on.ounqoococnao.; 11.4700@«:..0.. 6.6%0.90.0.-.-.1409%
Silica (8102)...-......-..--..-.-....o 2501%..0--0..3805%0.--0-000.-1303%
Iron, Chromium and lManganese OxideSies 22.3% ceeeees2%02% ucrceneeselbe2%

Calcim Oﬁde (CaO)..-.....ga.o.-..e.. 50.7%..-..9-.28.0%..0...-000026.7%

The major constituents of dusts separated from atmosphere by gravity and col-
lec”ed from the bottoms of welding chembers after welding corrosion-resisting steel
pletes with coated corrosion-resisting steel welding rods ares
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"Stainweld"  USS CR=Fi 18-8 "Rezistal"

Silica (sio )...oo‘..a..oooooto.tc.. 11.0%...00..'0 19.6% @ e0oc e 10.0%
Calcium Fluoride (CaF Jeeeeeeesscoce 20.5% cuuvunne 114Z 23.407;
Oxides of Iron, Aluminum and Nickel, 30,2% ceceesee 52.1% coeveieo 36.6%

The following is an interesting comparison between the compositions of dust
formed when using bare mild steel electrodes and wnen using coated electrodes for
welding galvanized steel:

B e Bare Electrodes Coeted Electrodes

ren % Zn0 | % FepOs % Zn0 % Feo0z
"Fleetweld" 79, 2 20.0 67.5 31.9
"Wilson" 62.6 60. 5 78,8 21.5
"Murex" 60. 5 40. 0 72.C 28,0

Investigations have shown thet there may be as much as a five per cent, veriaw-
tion in composition of dust produced by the seme make and kind of electrode when used
under constant conditions but by different operators.

Ferric oxide (Fe23) which emanates from all welding arcs, regardless of the
type of coating, is disagreeable but not hermful, Concentrations of iron oxide of gbout
ten milligrams per cubic meter are seid to be entirely non-injurious to the respira-
tory orgsans.

Breathing the dense clouds of fumes of zinc oxide, formed when the zinc of the
gelvanized coating is boiled off by the heat of the welding ere, causes what is com—
monly known es "fume fever", This is evidenced by nauses followed by chills and une
pleasant fever. The fume fever does no lasting harm except after prolonged exposure,
and the effects are not cumulative. Ordinary ventilation. which is necessary in any
welding operation, is considered asdequate to prevent fume fever,

What Is The Amount And What Are The Characteristics of Dust Produced By The
Various Electric Arc Welding Operstions? There is & wide variation in the amount and
character of dust produced by different types of rods on different materials under
different operating conditions.

FUME, OR DUST PRODUCED EY ARC WELDING

Material Being | Electrode | Size of Particles Characteristics of Dust
Welded Used Electrode {Per cu, ft. | Particles, (Sizes and Perw

centages Estimated)

Rivets inside | G=E W=20 5/32" 20,050,560 | About 98% engular crystal-

Cross Coil Coated line, 5 microns or less in

Drum, size; 2% rounded semi-opaque,
10 micrors or more in sizsa.

Mild Steel G=E W20 5/52“ 14,839,680 | About 80% rowmd black or rede

Blanks Inside Coated dishbrovm specks, 1 microns or

Bopth.

less in size; 20% slightly angu~-
lar crystalline, 10microns or
less but mostly about Smicrons
and large number reddish brown
specks too small and numerous
te count.
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FUk OR DUST PRODUCED BY ARC WELDING (Continued)

liaterial Being | Electrode | Size of Particles Characteristics of Dust
Welded Used Electrode | Per cu, ft. Particles, (Sizes and Pere

centages Estimated)

1/4" Boiler 45 Tleet- 5/32" |11,441,280 About 80%engular crystalline,

Plate Inside weld 3 microns or less in size;

3ooth, Coated 10% rownd seni-opague, 10
microns or more in size; 10%
opague scale like, 10 mi-
crons or less in size. Count-
less number of minute par-
ticles, reddish brown smudge,

1-1/4" 11414 55 Fleoi=- 3/16" 119,861,793 | About 957 angular crystale-

Steel Zxpan- weld line, 3 microns or less in

sion Joint Ine- | Costed size; 5% rounded semi-opeaque,

side Booth. 10 microns or less., Counbe
less number of particles
reddish brown smudge.

1/2" Rolled =5 Tleet- 3/16" 2,265,600 All perticles 5 microms or

Steel weld less in size; about 103

(55,000 per Coeted engular semi-opague.

Q. in. Tensile

strength) Ine-

side 68+root

Zie, drumzrear

head of closes

end.

Welding Flange | lurex 3 /32" 2,756,480 All particles 2 microms or

on 4" Steel Coated less in size; slightly

Line Pipe, In- engular, glass-like; dark

side Booth, grey smudge,

5/8" Boiler #5 Fleet- 5/32" 490, 880 About 75% round, metallic

Flate Inside weld opague, 5 microns in sizes

Booth, Coated 25% semi-opague, crystal-
line, Countless number of
minute particles

Welding Riv- #5 Fleet- 5/32" 6,456,960 Avout 90% sharply angular

ets in weld erystalline, about 1 micron

Courtney tdze Coated

Inside Cruck-
ing Coil
Soaking Lrum,

or less in size; 10%
rounded semi~opaque, 5mi-
crons or more, Countless
number of minute particles.
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FIE OR DUST PRODUCED BY ARC WELDING (Continued)

Material Being | Electrode { Size of Particles Charecteristics of Dust
Welded Used Electrode | Per cu, ft, | Particles. (Sizes and Per-
centages Estimated)
18-8-Steiniessy Stairweld 5/32" 849,600 | About60% slightly engular
Stesl Bamd 8t A semi-opague, Smicrons or
Top of ‘Soaking | Coated less in size; 20% rownded,
Drum Manhead over 10 microns; 20%
very gless-like, 10 mi-
crons or less,

1 /2" Beiler G=B W20 3/18™ | 23,222,400 About 80% semi-opague, red-
Plate to 6" Coated dish brownrowmded, crystal-
Pipe Inside line, Smicrons or less; 207
Booth, round globules of metal §

microns or more in size,
Countless number of small
particles.
1/2" Boiler Roebling 5/32" |26,592,480 | About 90% bleck opague, 1
Plate <o 6" Iron micronor less in size; 5%
Pipe Inside Rod rounded metallic globular,
Booth. 5 microns or less; 5%slight-
ly engulaer, semi-opaque,

1 crystalline, 3 microns or
less, Countless number red-
dish brown particles.-

Back Welding Fleetweld 5/32" 362,496 About 95% black opagque

g Flange on metallic, 2 microns or

8" Stendard Coated less; 5% engularcrystalline,

Pipe in Out=- 5§ microns or less, Count-

side Welding less number of reddish

Shop. brown particles,

Back Welding | Fleetweld §/32" | 1,000,640 | About 95% black opaque

a Flange on #7 metallic, 2 microns or

6" Standard Coated less; 5% ansular eryste~

Pipe Inside lline, S5microns or less.

Booth, Countless number of
black particles,

Welding Rive | Fleetweld 5/32" | 6,253,056 | About 95% engulaer crystal-

ets Inside #7 line, 5microns or less,

Cracking Coated mostly around 2 microns;5%

Coil Vapor=- semi-opague, round, § mi-

izer (1Mild crons, Countless mumber of

Steel Alumi- black particles,

num Coated),
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FﬁME OR DUST PRODUCED BY ARC WELDING (Continued)

Material Being | Electrode | Size of Particles | Characteristics of Dust
Welded Used Electrode | Per cu, ft.| Particles, (Sizes and Perw
centages Estimated)

Welding 2" Ring | Fleetweld 3/16" | 27,662,976 | All particles less than 2
on 1" Mild #7 microns. 70% round, opague;
Steel Boiler Coated 30% slightly engular, crystal-~
Plate line, Countless number of
Inside Booth, black particles, reddish
brown smudge.
FMilé Steel Steinweld 5/32" 2,605,440 | All particles black opague,
Screp Plates A 2 microns or less in size,
Inside Sooth, Coated
EeoS Steel tainweld 5/32" | 12,460,800 | About 80 anguler opague, 2
Inside A microns or less; 20% slight-
Booth. Coated ly ergular crystelline, 5

microns or less., Countless
nurber tlack particles,
brownish grey smudge,

The U.S.N¥avy recently conducted some extensive tests with coated electrodes,
and found that the gquentity of dust or fumes developed while welding on gelvenized
steel plate was greater than when bare steel plates were used and the dust remaine
ed ir suspension for far longer periods of time, It was also found that the
average size of the dust particles was 0,27 microns and that there were 130,000 par=-
ticles under four microns dismeter per cubic cenmtimeter, Quoting the Navy report:

"1t is epparent that considerable guantities of dust are found in any arc
welding operation, The dust formed when operating on plain mild steel
or corrosion resisting steel is largely derived from the flux coating on
the electrodes, as is shown by the composition of these dusts".

Whet Physiological Effect on Welders is Produced by The Use of Coated
Electrodes, According to a study “mede by Doctors A.Te Doig and A, P. G, lecLaughlin
on lungs of Electric Arc Welders (Lancet = V.20; 771 - 775 (April 4, 1936)), defi-
nite pulmonary lesions which gave rise to striking X-ray changes in the appearance
of the lungs were found in welders which had breathed the dust or fume from coated
electrodes. Quoting Doctors Doig and lMeLaughlin:

"The electrodes or welding rods which contain a core of metal and an
ovter covering are consumed gradually by the heat genmerated (about 1500°C, )
during the welding operation. The metal in the core of the rod becomes
molten and, assisted by the flux contained in the covering, spreads over
the surface of the metal which is being welded., The fume is therefore made
up of the volatilized constituents of the coverings of the rods together
with fine particles of oxidized metal, usually in the form of iron oxides.
In addition the fumes probably contain gases such as nitrogen peroxide ané
ozone which are formed by the action of an electric spark on the air. The
composition of the coverings of the electrodes or welding rods becomes, in
the circumstances, a matter of some importance, DMany substences, all of
which we do not propose to emumerate, are used. The basis of the majority
of the coverings is sodium silicate wkich acts as a flux. Agasin, the
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coverings of a certain type of electrode contain asbestos. The rods are
sometimes dipped in & mixture containing powdered asbestos and sodium sili-
cate, or asbestos yarn is wound round the rod and fixed by sodium silicate.
In some cases the asbestos completely covers the rods, and in others it is
merely a cord which is wound spirally about the rod.

"The composition of the fumes arising from electric welding electrodes
has not yet been fully investigated. Mr. L,C, McNalr, H.}M, Engineering In-
spector of Factories, has however had partiel analysis made of the fumes
evolved from an asbestos-covered electrode and some asbestos fibres were
found., When the particulate matter of the fumes was collected in an Owen's
dust-counter, it was seen that a large proportion comsisted of iron oxide
perticles, with an occesionel asbestos fibre,

"The Xeray appearances in the wellemarked cases differ from the usual
picture of asbestosiss In none of the positive cases and in only one of
the suspicious cases was there any blurring of the diaphragmetic shedow,
and ir no cese was the heart outlined blurred., The line of the interlo-
bar septum (a feature present in a number of films of cases of asbestosis)
is seen in only one positive case, The opacities in the films are not sc-
centuated at the bases of the lungs, but on the contrary the upper lung
fields asppear to be the earliest, and in esteblished cases, most markedly
effected. Before asbestosis can be eliminated from the differential
diagnosis it must be remembered that the asbestos fibres are being subjected
to intense heat and are not in the seme physical state as the fibres which
are inhaled by workers in an asbestos factory. It is possible that a
typical picture of asbestosis might be produced by the inhalation of alter-
ed asbestos, Merewether says that - 'the radiographic appearances of the
developed or advanced states of asbestosis are distinetive, although they
are not specific, While, as is the case with silicosis, certain radio=
graphic appearances may be looked upon as typical of the disease, frequent-
ly modificetions of and departure from the typical picture occur!., The
Xeray appearances in our cases most closely resemble those of a fine sili-
cosis, but the clinical features show two importent differences. In the
first place, the electric welders whom we examined are all in good health
and are it to work. The only symptoms observed were slight cough and
morning expectoration, and in the first case a small haemoptysis occurred,
This men has not been away from work even for a day since he was first
seen in June, 1933, eand his health at the present time is good. None of
the men suffers from dyspnaea., Secondly none of them has concomitant
pulmonary tuberculosis,

"Miliary tuberculosis can be ruled out of the differential diagno-
sig for clinical reasons, and to same extent on the radiological appear-
ences. None of the cases shows the dyspnaea, cyanosis, and tachycardia
of acute or subacute miliary tuberculosis, Chronic or healed miliary
tuberculosis is rare and it is difficult to immgine that a condition of
such rarity would be found in 6 out of one group of 16 men, In the
Xeray films of the welders! chests the fine opacities are irregular in
size and shape, whereas in miliary tuberculosis of the lung the shadows
are more uniform,

"A further possible explanation of the X-»ay eppearances in this
series of cases is that the inhalation of small quantities of nitrous
fumes together with the suvperadded effect of fine irorn oxide dust might
set up small areas of chronic inflammatory change, conrestion, or fie
brosis in the lungs, Agein. the iron oxide particles might be opaque
to the X-rays and produce the picture without the associated presence
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of fivrosis and congestiom."

2. OXY-ACETYLENE "LLDING: Oxy-acetylene welding is more or less confined to
small repair jobs or to certain emergency operations where arc welding is not
svailable or practical, Exposure of men doing welding is more or less irregue
lar. They usually wear Americen Optical Company or Willsor Welding Goggles
with #4 Noviweld lens. The amount of dust produced by oxy-acetylene welding
is considerably less than that caused by the use of coated elecirodes in arc
welding, end varies considerebly with the style tip and welding rod being
used as well as the material welded, as is shown by the following teble:

DUST PRCDUCED BY OXY=ACETYLENE WELDING

Materiel Being |Welding Rod | Tip Used | Particles Per | Charscteristics of Dust
Vieldeéd Cus Ft, Particles (Sizes and Per-
centages Estimated)

Gelverized Korviey Lirco 39¢€,480 About 70% slightly engular,
lletal Eood 5/32" #4 semi-opagve, grevish, 5 mi-
Welding Shop. crons or less; 20% rowmded

semi-opaque, greyish crys—
talline, 10microns or more;
10 emorphous, scale-like;
10 wicrons or more in size.

1/4" x 2" Ber | Oxwelé cop- | Adrco 509, 760 About 80% black opague, 1
iron, Welding | perized #8 micronor less in sizegabout
Shop. steel 3/16" 20t rounded, crystalline;

5 microns or less insize,
1/2" Boiler Oxweld cop- | Oxweld 1,019,520 About 80% round, semi-opaque,
Plate, Soft perized #6 5 microns or less insize;
Steel, Weld- steel 1/8" 10% engular crystalline,
ing Shope Cowmtless mumber of small

bleck particles,

. 1/8“ Gelvan- Oxweld cop= | Oxweld 1,359,360 About 80% rounded, semi-
ized Sheet perized #6 opaque, dark grey, 1 micron
iron, Weld- steel, or less insize; 10% slightly
ing Shor. 1/8" aengular erystalline, 3mi-

crons or less; 10% sharply
engular crystalline, 5§ mi-
crons or less; countless
number of small dark grey

particles,
Welding Teeth | Simmons Saw | Aero= 1,472,640 About 98% round black opague,
on Band Saw, Welding plene gbout 1l micron orless in
Rod, 3/64" |#2 size; 2% s1ightly angular,

erystalline, 3 microns or
less in size,

~ BURNING OR CUTTING QPERATIONS:

1. WITE GZY.ACETYLZIE: The oxy-acetylene torch is used both in the gonstruction
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and the demolition of process eguipment and works structures. It also pleys
en important part in emergency and rescue work., Goggles with shade #5 ilovi=
weld lens are provided and their use is required. At the larger plants men
with en average service credit of six years spend about three-fourtks of
their working time on cutting or burning operations (about half their time
is given to "burning steel" for new construction). The amount of dust pro-
duced is usually greater than that causeé by oxy-acetylene welding.

DUST PRODUCED BY OXY-~ACETYLENE BURNING

Material Being Particles | Characteristics of Dust Particles
Burned Tip Used | per cw ft. | (Sizes and Percentages Estimated)
Burning 6" Oxweld 1,869,120 | About 75% rownd black, 2 microns
Flues (1-1/2" #2 or less in size; 20% slightly
thiek) Out of angular, crystalline, 2 microns
Shell Still, or less; 5% opaque, scale-like,
various sizes.
1/2" Boiler Oxweld |2,718,720 | About 905 semi-opaque, black, 2
Plate (soft 4 microns or less 10% round, dark
steel) grey, over 5 microns in size,

2. WITH HATURAL GAS: A large part of the bwmning or cutting at one of the
larger southern refineries is done with oxygen and natursl gas (60 pounds

per square inch pressure). A special torch with a 1/16" x 5/16" +ip mede in
the refinery shops is used. Two men with sn average service of thirteen
years spend a major portion of their working time on this natural gas. They
wear goggles with ;%5 shade Noviweld lens, Samples teken while burning holes
in 3" standard pipe in the yard outside of welding shop with oxXygen anéd natu-
rel gas had a concentration of 471,811 particles, ten microns or less in size,
per cubic foot. About 75% of these particles were slightly angular crystel-
line in appearance under the Konimeter microscope, and were five microms or
less in size; 25% were rough scale-like, opaque, ten microns or less in size,
There were also many minute particles,

- HEALTH EAZARDS PRCDUCED BY WELDING AND BURNING QPERATIONS:Although our
study was confined to the fumes or dust produced by Welding and Cutting opera-
tion the podssibility of lead poisoning from welding or cutting iron plates
that have been previously coated with red lead shovld be pointed out. Lead
poiscning from this source is rather common, especially in cutting up old
scrap, bridges, tanks, and other iron strvctures that have through many years
of use received protective coatings of red lead, The action of the flame
volatilizes this lead material and creates a smoke that is poisonous. The
same hazard exists in cutting out rivets in new structures.

It should also be pointed out that some of the weldirg rods contain
mangenese vhich is very poisonous when taken into the body. There is an ap=-
parent hazard from voletilizing this material, or rather changing it to the
oxide of mangenese, and breathing the fumes produced, There are further dangers
from carbon monoxide and oxygen deficiency owing to the use of gas-cutting or
welding flemes inside small tanks or similar confined spaces.

It is becoming more and more recognized that persons engaged in cutting
end welding operations, either by arc or flame, should have respiratory protec-
tion, in all work where there is a possibility of the workmen breathing fumes
ard dusts created,

EM0015228



=39-

VI - GRINDING OPERATIONS

Power grinders are perhaps the most umiversally used of the small powerw
driven tools, The usual power grinder, commonly known as the emery wheel, consists
of a cast metal stand ard two ebrasive wheels mounted on a through sheft which is
either belt or motor driven, There are also several grinding wheels, such as are
found on mechine tool equipment where grinding tekes the place of lathe end planer
work, All grinding operations produce dust to a greater or lesser degree, depending
on the composition and construction of the wheel, the material being ground and the
ventilation or exhaust hoods provided.

What is the Composition of Grinding Wheels? Grinding wheels are made of
either baurite which is mined, or silicon cerbide which is made by heating a mixe
ture of quartz sand, coke ané common selt in an electric furnace. The bauxite or
silicon carbide are crushed to the desired grain size, mixed with an adhesive sub-
stance celled & bond, and formed into wheels, discs, cones or cylinders., There are
meny wheels in which the binder is shellec, rubber, bakelite and other organic com-
pounds. Bauxite wheels are known in the shop as "Alundum" and "Aloxite", while
silicon carbtide wheels are known as "Crystolon" and "Carborundwum"., Alundux wheels
shouldé be used on material of low tensile strengths such as cast iron, bress, alumi-
num, copper and marble,

Is Abresive Dust Hermful? According to Dry W. Irving Clark in a paper read
at a meeting of Government Officials in Industry (Boston - Mey 21, 1931) the artifi-
cal abrasives, eluminum oxide ané silicon carbide do not contain free silice and
their dust cannot produce silicosis. The dust, like any other inorgenic dust, cen,
however, if breathed for & long period of time in large quantities, produce en X-ray
picture similar to that of early silicosis, This picture ochanges very slightly ms
vears of exposure increase, and at no time are the nodules, characteristic of silie
cosis, evident., Unlike silicosis, there is no progress in the process after expo=
cure ceases and there appears to be no merked physicel disatility. Although there
is no silicosis, the X-rays do show signs of pneumoconiosis.

Carborundum dust, chemically, is silicon carbide., According to lMiller end
Sayers (U,S.Pub,Health Rep, Vol. 49 #3 of Jan., 19, 1934) cerborundum dust when in-
Jjected into the peritoneal cavity of guinea pigs produced no reamction and was termed

"inert". Dusts such as quartz and flint - silicosis producing dusts - produced &
proliferative reaction,

Leroy U, Gardner (U.S.Pub.Health Rep, Vol. 50 #21 of May 24, 1935) reports
that cartorundum produces practicelly no reaction when inhaled by guinea pigs in
high concentrations over a period of time, Quoting fram Dr, Gardmer's article, the
vart perteining to carborundum dusts

"The dust which does reach the tracheobronchial lymph nodes apparent-
1y lacks the proper physiochemical properties to stimulate any but a very
slight proliferation of comnective tissue. In the lungs, there is prace
tically no fibrosis,”

The Journsl of the American Medical Association (Notes and Queries 103, 1472,

1934) makes this statement regerding the health hazard of breathing dust from arti-
ficial mbrasives:

"Only silica (SiO2) is capable of inducing silicosis, but eny other
mineral dust under conditions of prolonged and gross exposure may ceuse
some increase in pulmonary fitrosis. If the relative potential harm of
silica is rated es 10C, these other non-toxic mineral dusts mey be rated
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only on the order of 5 or 10."

Despite this comparatively low rating of harmfulness of these dusts it is
generally considered advisable to use dust hoods and exhausts wherever practical as
there is clinical evidence that workers exposed to heavy concentrations of dust of
any kind are more liable to develop diseases affecting the nose, throat and chest
during the winter months than those not exposed to dust. Dr., Clark believes that
en effort should be mede to keep the dust count below twenty million particles of
less than ten microns per cubic foot of air,

1, VWhat are the More Frequently Used Types of Grinders, the Quentity and Charscter
of Ehg Dust They Produce? The grinders most commonly found in the refineries and as-
sociated activities are:

A = TANDEM FLOOR TCOL GRINDERS: Tandem floor tool grinders, the most fre-
quently used type, are in most cases motor-driven and operate at a speed of from
1450 to 1850 RPtL. The type of wheel or grinding media selected depends upon the me-
terial to be ground. Genereally speaking, the wheels found in most of the machine
shops &nd wood working shops around our refineries used:

1-1/?" x 10" Norton Alundum (Grade P, Grit 46) wheels for
sharpening tools end for general service grinding,

1-1/2" 4o 3" x 14" Carborundum wheels for miscelleneous
grinding,

3" x 16" Carborundum (Grit 30, Grade K) wheels for grind-
ing lathe and other machine tools.

Sometimes two different wheels are used on tendem tool grinders; for example, a 2" x
14" grain 24, grade Q Norton Alundum vitrified wheel on one side and a 2" x 14" grain
44, grade M Alundum wheel on the other side,

The emownt of dust produced by the operation of tandem tool grinders depends
primarily upor the composition of the wheel and the hardness and character of the
otject being ground. Theoretically, the operating speed and the pressure should
also be determining factors, but these were not studied, The following are average
dust counts of particles ten microns or less per cubic foot in samples taken in the
breathing zone of the person using the grinder during the grinding of various ob=
Jects on various wheels of tandem floor grinders:

. Particles per
Operation cubic foot

Grlndlng Cast Iron on 2" x 12" Aloxite (46M Grit) Wheel......... 11,648,980
& Steel Sleeve on & 1/%" x 10" Carborundum Wheel....... 8,127,840
" Herd Steel Chisel on & 5/8" x 8-1/2" Alundum Wheel... 7,476,480

"

n " mooowomogfan x 10" Cerborundum Wheel.. 1,670,880
] 1t n u {1 1 ou 3/411 x 10" L 906,240
" " Pneumatic Tool Steel Chisel on & 5-1/?"1]4" Norton

Alumdum (3836 - O.SB) Wheel.........................- 1,869,120
n " Chisel Bar on the same wheel (3836 - 0, 5B Alumdum)... 4,134,720
" " Tool Steel Chisel on & 1" x 10" Carborundum (Grain

46”) mleel......-..-......l.."..l."........"‘...‘. 2,594’112

" Tool Steel on & 2" x 14" Alundum (24 graln,grade(Q)Wheel 396,480
" u (44 M) " 1,019, 520
n & Lathe Tool on a 1/2" x 12" " (Grade P) Wheel....... 339,840
" wou oo R) " eesees 1,331,040
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Particles per
ctbic foot

Grinding & lathe Tocl on & 3" x 18" Carborundum (grit 20,grade K)

wheel....“.. 362’496

u Mild Steel on e 1=1/2" x 10" Alundum Wheelivoseevsssssas 6,655,200

" Steel Dies on & 3" x 14" Carborundum Wheel.ee.veverseees

i

Dust Produced By Operation of Tendem Floor Grinders.

56,640

Squaring Shemr Bludes on = 1-1/2" x16" CarborundumWheel, 2,577,120

As would be expected,

there is u wide variatlion in the appearance of the dust particles under the Koni-

meter microscope.

These examples

however., will give an idea of the charascteristics

of the dust produced during the operation of Tandem Floor Grinders:

Material Being Size of Characteristics of Dust Particles.
Ground Wheel Type of Wheel (Sizes and Percenteges Estimated)
1t x 3" Mild 1-1/2" x 10" | Alundum Lbout 70% anguler crystelline, 5
Steel Bar (Grit 46, microns or less in size; 30% me-
Grade P) tallic shreds; 10% white opaque,
slightly enguler, over 10 microns;
many small bleck specks,

Tool Steel 2" x 14" Alundum vite About 90% angular erystalline, 2
rified (Grit microns or less in size; 10%
44,Grade M) opaque, 1 micron or less insize,

Tool Steel 2" x 14" Alundum vit- About 60% round, semi-opague, 10

(Same me= rified (Grit microns or less in size; 40%

terial as 24, Grade Q) angular opaque, 5 microns or less

ebove) in size,

Lathe Tool 3" x 18" Carborundum About 75% round, crystalline, 5
(Grit 30 microns in size; 25% slightly

Grade K) engular,

Chisel Bar 2-1/2x14" |Alundum About T0% slightly angular, 3
(38360, 5B) microns in size; 30% black,

opaque, metallic,

Pneumatic 2-1/2" x 14" |Alundum Loout 98% rownd, black. opaque,

Hend Tool (3836-0, 5B) one micron or less in size,

Steel

Chisel

Lathe Tool 1—1/2" x12" JAlundum About 507 enguler crystelline,
(Grede P) 2 microns or less in size; 50%

round, black, metallic, 1 mi-
cron or less in size,

Lathe Tocl 1-1/2" x 12" |Alundum About 75% anguler ¢rystalline,

(Same as (Grade R) 2 microns or less in size; 25%

above)

round, black, metallic, 1 mi-
cron or less in size,

P E ]
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DUST FRODUCED BY TANDEM FLOCR GRINDERS (Concluded)

Material Being Size of Characteristics of Dust Particles,

Grownd Wheel Type of Wheel (sizes and Percentages Estimated)
Cast Iron 2" x 12" | Aloxite About 857 sharply angular, cryse
(Grit 46, talline, 5 microns or less; 10%

Grade M) rounded engular crystalline, over

10 microns; 5% opague scale=like
metallic, 10 microns or lesss
large number of black metallic
specks.

Where "hard" wheels are used for grinding soft cast steel, about 98% of the dust par-

ticles are metallic &nd less then one-half micron in size.

With the exception of a very small number of men who devote ebout 85% of
their working time to actuml grinding, there is & very wide variatiorn in the number
of men exposed end the length of such exposure to dust produced by the operation of
tandem floor tool grinders.
been provided and their use required in most cases,

B - TANDEM BENCE GRINDERS:
sharpening small tools and light grinding.
abou’t 3400 RaPoMo
(Grain #80) on one side, and on the other a 1" x 8" Carborundum (Grain #80).
amount of dust produced by the operation of tandem bench grinders varies with thema-

In only one

case was & respirator worn., Goggles have

These grinders ere small in size and are used for
They are all motor driven and operate at

Different grade wheels are used, usually 1-1/8" x 8" Carborundum

The

terial being ground and the composition of the wheel, but these average dust counts
are fairly representative:

Grinding Cold Ch
n "

Operation

isel on 1-1/8" Grein #80 Carborundum Wheel....
1 " 1" x 8" "

790

" 1/2" Boiler Plate on 1" x -8"#90

1n

Particles per cu. £,

5,909,440
" " ... 8,401,600
ce.s 12,460,800

" ”n

Eard Steel Chisel on 5/8" x8-1/2" Alundum
(Grain 46, Grade Plivve.ceseeccssesososescanso

7,476,480

Dust partieles in samples taken during the operation of the tandem bench
grinder have the following characteristics:

Material Being | Size of Charscteristics of Dust Particles.
Ground Wheel | Type of Wheel (Ssizes and Percentages Estimated)
Medium Steel 1-1/2"x8" | Carborundum About 75% slightly arguler crys-
Cold Chisel (#80 Grain) talline, 5 microns or less in
size; 20% rownd opeque, metallic,
one micron or less; 5% semiw
opague, over 10 microns and look
like chips of glass,
Medium Steel 1" x 8" Carborundum About BO% round opague, 2 microns
Cold Chisel (#90 Grain) or less in size; 20% slightly angu-
(Same tool as lar crystalline, 5 microns or
Above) less in size,
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TANDEM BENCH GRINDERS (Concluded)

Material Being | Size of Characteristics of Dust Particles.
Ground Wheel Type of Wheel (Sizes and Percentages Estimeted)

1/2" Soft 1" x 8" | Carborundum About 90% round, black, metallic,

Steel Boiler (#90 Grein) 2 microns or less in size; 10%

Plate (Taking slightly angular erystelline, 5

off rough microns or less in size,

edges)

Hard Steel 5/8" x Alundum About 85% round, black opague, 2

Chisel g-1/2" (Grain 46, microns or.less in size; 159

Grade P) rownded crystalline, 10 microns
or over,

C - SIKGLE FLOOR TOOL GRINDERS:
They range in size from 1" x 10" motor-driven (1750 RPM
belt-driven (1250 RPM).

in use,

There are only a few single floor grinders

to 2-1/2" x 20"

The larger size is used for heavy grinding such as blanks

and large tools; the smaller sizes for sherpening tools and miscellanecus grinde

ing.

The wheel on the large grinder is Carborundum (#9C Grain),

For the smgller

size class Grain 46, Grade M Cerborundun wheels are used on the 1" x 10" and Grain

24, Grade Q Alundur wheels in the 1-1/2" x 14" size,

Semples teken during the opera-

tion of Single Floor Grinders had dust counts as follows:

Operation

Particles per cu., ft.

Grinding Tool Steel on 1-1/2" x 14" Alundum Wheel

i

(Grain 24, Grade Q)ie.cveseccesvenss
Chisel on 1" x 10" Carbormdum Wheel
(Grain 46, Grade M)iw.eeososecvcanns

679,680

2,594,112

" 1/2" x 4" Mild Steel Ber on 2-1/2 x 20"

Carborundum Wheel (Grzin 90)icecceeco

4,451,904

The hoods which almost completely enclose these wheels sct as practical dust collec-

tors,

Dust particles produced by the foregoing grinding had these charscteristics

when examined under the Konimeter microscope:

laterial Being Size of Charscteristics of Dust Particles,
Ground Wheel | Type of Wheel (Sizes and Percentages Estimated)
Hard Steel 1-1/2" x Alundum All perticles were 2 microms or
Tool Bit 14" (Grain 24, less in size. About 60% were an-
Grade Q) gular crystalline; 40% were
rounded opaque,
1/4" x 2" Mild |1" x 1o" Carborundum | About 98%were black opaque, 2 mi-
Steel Bar (Grein 486, crons or less insize; 2% slightly
Grade M) engular,5microns or less in size.
1/2"x4" ¥ild  |2-1/2"x20"  Carborundwm | About 85%were slightly angular
Steel Bar (Grain 90) crystalline, 5microns or less in
sizejabout 15% black semi-opague,
engyler metallic, 2 microns or
less in size,
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D - TNIUERSAL SRIVDERS: As the neme would indicate, universel grinders are
used for a wide variety of purposes and therefore are in more continuous opera-
tion than are the other grinders, with the exception of the tandem floor tool grind-
ers. There are two types or makes, the Brown & Sharpe Universal Grinder which hsas
an operating speed of 3750 RFM. and the Grand Rapids Universsl Grinder which
operates at about 3850 RFi, The following abrasive wheels are used:

1/2% x 5" Norton Co., 3846 J 5B Alundum wheel for grinding
hardened carbon tool steel,

1/2" x 7" Norton Co. 3846 I 8B £lundum wheel for grinding
high speed tool steel,

2" x 3-1/2" Carborundum Co, grit 4£01-7-25, type 12
Aloxite wheel for grinding case hardened steel,

1/4" x 10" Carvorundum Co, wheel used for cutting,

1" x 101! 1" 1t 1 u 1 sh&rpening
tools, reamers, dies and drill btits,
Semples

teken durini the operation of the various Universal grinders hed
dust counts as

follows:

Operation Particles per cu. ft.

Dressing 1/2" x 7" Alundum (3846 I 8B) Wheel with &
"Diamond FPoint'....

et ateatenatatereeereanen i tranneneaane 1,397,120
(Evidently the clouds of dust which come off during
dressing have particled larger than 30 microns)
Grinding High Speed Tocl Steel on 1/2" x 7" Alundum Wheel
(3846 T 83)uevevenvecssonecncancssanonae 1,846,464
" Eardened Cerbon Tool Steel on 1/2" x 5" AlundumWheel
c(B8B46 J 5B)eenevrnnrerernronncossoacnsas 6,683,520
" Case Hardened Steel on 2" x 3-1/2" Aloxite
(Grit 401 =~ P = 25 Type 2)eeeveeen.. ceee 84,960
Cutting off Tcol Steel with 1/4" x 10" Carborundum Wheel.... 1,416,000

Dust particles in samples taken during the operation of Universal grinders
have these characteristics:

liaterial Seing | Size of Cheracteristics of Dust Particles
Ground Wheel Type of Wheel (Sizes and Percentages Estimated)
Dressing Wheel | 1/2" x 7" | Alundun About 80% slightly angular erys—
KWith a (3846 I 8B) talline, About 3 microns in size;
"Diamond Point" - 20% black opaque, round, sbout 1
micron or less in size,
High Speed 1/2" x 7| Alundum About 60% opaque angular, about 2
Tool Steel (a (3846 I 8B) microns or less in size; 40%
Landis Pipe slightly angular, crystalline, 5
Chaser) microns or over in size.
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Dust particles in samples teken during the operation of Universel grinders
have these characteristics (Continued):

ing lechine)

Material Being | Size of Cheracteristics of Dust Particles,
Ground Wheel Type of Wheel (Sizes and Percentages Estimated)

Hardened Cer- |1/2"x5" |Alundum About 30% angular crystelline,

boreted Steel (3846 J 5B) gbout 2 microns or less in sizes

(Pipe Grip for 70% round black opaque, less then

Pipe Machine) 1 micron in size, Numerous black
specks too small to cowmt. Several
large oblong black opague pare
ticles about 20 microns wide and
35 or 40 microms long.

Cese Herdened |2"x3-1/2"| Aloxite £11 particles black opaque, 1 mi-

Steel (Plunge {(Grit 401-P- cron or less in size,

ers for Fill- 25 Type 12)

E -~ SURFACE GRINDERS:

and dies,

They are eguipped
1/2" % 4" to 6" Carborundum (Aloxite) wheels.

Surfece grinders are used almost exclusively on valves
with either 1/2" x 8" Norton Alundum (1946F) wheels or

dust being thrown out into the atmosphere,
surface grinders had the following dust concentration (10 microms or less):

Operation

No dust collectors are provided, the
Sanples taken during the operation of

Perticles per cu. fi,

Grinding Soft Cast Steel Valve on 1/2" x 6" Carborundum

Aloxite Wheel........

LR BRI B A I ISR A BRI ]

566,400

w Tool Steel Die on 1/2" x 8" Alundum (1946H)

Wheeleeesoeasvaoass

seccgee o

eaesecvs0 00

1,019,520

Dressing Surface of 1/2" x 8" Alundum Wheel with a "Diamond

Point"oooOO-‘ooaaec'oc-ooceopto-aoto.ooo

1,132,800

About 70% of the particles from grinding the steel die were metallic, 3 mie
crons or less, whereas 98% of the particles from grinding the soft steel valve were

metellic,

F - LAKWDIS TOOL GRINDERS:

Meny of the particles were too smell to identify or count accurately.

Landis tool grinders are usually equipped with two

éifferent types of wheels, one for side grinding and the other the ordinary type,
1-1/2" x 12" Carborundum Aloxite (Grit 40, Grade H, Bond 33) is used for genmersal
purpose grinding such as bull chisels, diamond points, cold chisels, flanges and

scrappers,

The Side Grinding Type is usually a 2-1/2" x 1-1/2" x 12" Grit 46A-P
PE78 Aloxite brand AA wheel used for grinding Landis dies,

At one plent the wheels

of the Landis tool grinder are enclosed by hoods at the rear of each of which is
attached a two=inch pipe connected to a three-inch pipe which discharges into &

sewer,

Suction is induced by & stream of compressed air from a half-inch pipe in-
serted in the two-inch pipe just back of the hand,
Phon and pulls the dust away from the person using the grinder,

This arrangement acts as & sy=
Semples taken dure

ing the operation of Landis tool grinders had dust concentrations as follows:
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retion Paricles per cu, ft.

Dressing 1-1/2" x12" Aloxdte Wheel (Grit 40,Grade H,
Bond B33)sseescsrcccesonse 226,560
{Evidently particles in the cloud of dust thrown off by
the 2-1/2" x §" MNetcalf Emery Wheel Dresser are larger
then 30 microns in size)
Grinding "Diemond Point™ Chisel on 1-1/2" x 12" Aloxite Wheel
(6rit 40, GTade H)ieevessrcocsosasasssvssossccvscsssescocnns 2,067,360
Grinding 2-1/2" x 6" Lamdis die on 2-1/2" x 1-1/2" x 12"
Aloxite Wheel (Grit 4BA=P P678)ececcecss-vacsssosssrsnconcas 765,203

TUrder the Xorimeter microscope dust particles in semples taken while dressing
the 1-1/2" x 12" Aloxite Wneél appeared slightly engular with a yellowish tinge and
were five microns or less in size. About 75% of the particles from grinding the
Lendis die were round, opacue, and less than 1 micron in size; 25% were slightly
anguler crystalline, less than 2 microms, Particles from grinding the diamond point
chisel were less quartzelike than those from grinding the die, This difference is,
of course, due to difference in the composition of the two wheels., On an average,
Lendis tool grinders are used about twenty hours a week, usuelly by different men.

G - YANEEE DRILL GRINDER: Used for grinding all types of drill bits, Has a
side grinding type 1" x 1-1/2" x 9" Carborundum Aloxite (Grit 30, Grade M, Bond 28)
Wheel, Operating speed 1735 RAL. On &n average a Yankee Drill Grinder runs about
three hours a day and is used by four different men with an average service of
twelve years,

- Samples Zsken @uring the grinding of & 2-5/16" high speed drill had an ave-
rage .ol 1,000,820 werticles, ten microns or less, per cubic foot., About 70% of these
dust particles are slightly crystalline in appearance, five microns or less'in sizej
30% were rounded, semi-opaque, over ten microns in size., There were also a few
small metallic shreds, No exhaust or dust collector is used in this grinding,

H - AUTOMATIC CIRCULAR SAW SHARPENING MACHINE: There are a number of these
grinders in use in the wood working operastions « such as in the production of wooden
barrels, boxes and crates - closely associated with the refining of petroleum pro-
ducts. Since they are automatic when once put in operatiom, there is very little
dust hazard except where no exhaust or dust collectors have been installed and the
dust produced is thrown into the filing room atmosphere, Automstic Circular Saw
Sharpening Mechines ere equipped with 1/4" x 8" Norton Alundum Wheels (Grain 60,
Grade ), 3/8" x 8" Norton Alundum (1946 M) wheels, or 1/2" x 6" Carborundum wheels,
The average dust produced during operation of these machines is:

Wheel Particles per cu. %,
1/2" x 6" CArbOrUNAUNL se.eseesessesesnssseanacanoasrasseonss 1,923,280
1/a% x 12" v et rectecrententiettioatatcanenseeeeces 3,568,320
3/8" x 8" Alundum (1946M)ueeeeeessorvonnccacsesncnacennsasss 2,095,680
1/4" x g" # (Grain 60, Grade N)..eeseeeseceocsecnnaess 1,461,312

About 98% of dust particles in samples taken while sharpening circular saws
on the Carborundum wheels were black metallic in appearance, and one micron or less
in size. About 75% of the particles from the Alumdum wheels were rounded crystale
line, § microns or under in size, and 25% round black metallic, about one micron or
less in size, There were a number of small metallic shreds in the samples from the
thicker (3/8" x 8") wheel.

I - AUTOMATIC BAND SAW GRINDER: After the Bang Sew has been inserted and the
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mechine adjusted, this grinder works automatically. The wheel ordinarily used is a
1/2" x 8" Grain 50, Grade N Norton Company Alundum The wheel is refaced or dressed
with e lietcalf Emery Wheel Dresser about twice & day. The average dust produced by
this dressing operation is 2,284,480 particles less than ten microns per cubic foot.
About 95% of these dust particles are sharply angular crystalline in appearance
under the FKonimeter microscope, and about five microns or less in size. The dust
produced during the sharpening or grinding of the band saw blade 1s on sn average
only 877,920 particles per cubic foot. About 50% of these particles appear angular
crystelline and about 50% round black opague, All of them are sbout two microns or
less in size,

J = AUTOMATIC BAND SAW LAP GRINDER: Used to grind ends of band sew prepara-
tory to welding them together, The grinding wheel usuelly used is 5/8" x 10" Grain
46, Grade l, Forton Compeny Alundum. No dust collector is provided although = dust
cowmnt as high as 16,142,400 particles, ten microns or less, was found in one semple
teker ir Zront of the wheel while it was in operation. The averapge dust produced
by this lep grinder was 4,984,320 particles per cubic foot. About 80% of these dust
perticles were semi-opaque, slightly anguler in appeerance, and two microns or less
in size; 20% were black opague, about one micron or less in size.

{ = PLANING KNIFE BLADE GRINDER: Uses & 1/2" x 8" Grein 46, Grade N, Norton
Company Alundum wheel, Operating speed 3000 RIM, No hood or eny other protection,
Averege cust produced while sherpening a Flener Knife Blade was 566,400 particles,
ten microns or less per cubic foot. About 60% of these dust particles were slighte
1y enguler crystelline in appearance and about two microns or less in size; 40% were
orague of various sizes from about seven microns or less, There were a few smell
netallic shreds,

L - LINDERNAL CUTTER GRINDER: Sharpens cutters from the Linderman machine
for tongueing and grooving, Grinder uses & 1/2" x 6" Norton Alundum (Grain 60,Grade
) cup wheel. Opersting speed 3000 RFlM, There is a hood guard over the top of the
grinding wheel, but no exhaust or dust collector, although dust counmts as high as
14,386,560 particles, ten microns or less, were found at the front of the grinder in
operation, and 12,574,080 particles per cubic foot in the backs The mverage dust
produced was 9,137,920 particles per cubic foot., About 70% of these dust particles
are round seci-cpacue in eppeearance under the Konimeter microscope, and three mi-
erons or less in size; 20% are round, globular like particles, seven microns or less
in size; and 10% are metallic shreds about two microns wide and 20 to 30 microns long.
There are many minute erystalline particles too small end too numerous to count ace
curately,

M « GANG SAW BLADE GRINDER: Uses a 5/8" x 10" Grain 50, Grade M, Norton
Conpany Alundrunm wheel, operating at 1800 RFM, ‘A rather crude dust collector heas
been installed, but the gverage dust (8,760,320 particles per cubic foot) produced
by this grinder in operation indicetes that it is inadequate. About 90% of the
dust particles in semples taken during +the grinding of a Gang Sew Blade were semiw
opaque in appearance and about two microns or less in size; 10% were black round,
opegque, one micron or less in size, There were mumerous minute black specks too
small to count accurately. ' ‘

N - EDGER SAW GRINDER: Uses a 3/8" x 8" Grain 60, Grade N, Norton Company
Alundum wheel, operating at 1650 RFM. No hood or any other dust collector for this
grinder, The low dust count, an everage of only 453,120 particles, ten microns or
less per cubic foot, indicates that there is very little real need for such equip-
ment. The dust particles produced vhile grinding an Edger Saw Blede are angular
crystalline, sbout two microns or less in size, .

0 = CIRCULAR SLAB CUT-OFF SAW GRINIDER: Uses 2 3/4" x 10" Grain X, Norton
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Company Alundum wheel operating et 1650 RFL, A rather ineffective dust collector has
been installed, but the average high dust concentration (10,931,521 particles per
cubic foot) shows that it is inadequate. About 80% of the dust particles in semples
teken during the sharpening of a Circular Slab Cut-off Saw were opague in appearance,
two microns or less in size; 20% were slightly engular crystalline, five microns or
less in size. There were also a large number of minute black opaque particles.

P - "HOG KNIFE" GRINDER: Uses & 1-1/2" x 24" Carborundum wheel operating at
300 RBL, This grinder is completely enclosed by & metel hood, but the dust is disw
charged onto the floor through an opening in the lower part of the hood. The average
dust produced by the operation of this grinder is 1,869,120 particles per cubic
foot, About 75% of these dust particles were angular crystalline in appearance umder
the Konimeter microscope and four microns or less in size; 25% were round, black
opaque, two microns or less in size,

Q = CUITER GRINDER:e Uses & 3=-1/2" x 2-1/2" x 1/2" Norton Alundum wheel (3846
K B 5). The amount of dust produced depends upon the material being ground as is
shown by the followings

Grinding e steel counter sink......o.ce0s 735,320 particles per cu, ft,
" "% reEMers.cseessceaes0s000el, 018,520 " L

The dust particles are about 987% opaque metallic in appearance and about one micron
or less in size.

What Precautions Should Be Adopted For Safeguarding Those Who Use Grinding
Wheels? Authorities generally agree (Jour, Indust,Hyg.Vol, VII No,8 August 1925
p. 351) that workers who habituslly use grinding wheels will run but slight risk of
developing pneumoconiosis 1f they use certified abrasive rather than sandstone wheels
for all grinding operations and if the machines upon which the artificial abrasive
wheels are mounted are properly hooded and excessive dust removed by suction.

Cortrol of Dust ¥rom Grinding, Polishing and Buffing Wheels, Exhaust systems
for grinding, polishing and buffing wheels vary widely in design., In the case of
grinding, the hoods used serve not only to provide means for capturing the dust but
also act to protect the worker in case the wheel bursts, The chief difficulty to be
overcome in grinding wheels, .according to U, S, Public Health Bulletin No, 217, "The
Determination and Comtrol of Industrial Dust" (1935), is the outward sweep of air, &
fen action, due to the revolving wheel, This effect is very marked with high speed
and rough wheels and is so strong that in meny instances it is sufficient to counter-
act the normel inward flow of air. The same effect exists with polishing and buffing
wheels but to a less marked degree,

Practically all industrial States have codes regulating the construction and
dust connections for grinding, polishing and buffing wheels, They also regulate the
air required for wheels of various sizes in terms of statiec suction in the connect-
ing ducts. These codes possess no wmiformity, However, the requirements designat-
ed by State codes must be followed, In States where no codes have been adopted it
is desirable to provide exhausts on all grinding wheels with a suction at the con-
nection to the hood sufficient to produce a difference of level of at least two
inches of water between the two sides of a U=-shaped tube,

A number of the wheels have been provided with suction exhaust produced by a
motor driven fan or a hood, with a two-inch pipe one end of which is immersed in a
bucket of water, The dust is drawn in by the rapid revolution of the wheels (1750
RFHM). This simple arrangement is particularly effective, Three samples taken near
the discharge of = motor driven suction fan comnected with the hood of 1-1/2" x 10"
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Jlundum (Grit 46. Grade P) wheel while a tool was being sharpened had an average of
2,076,989 particles per cubic foot which would have otherwise been thrown into the
mechine shop atmosphere.

As pointed out by Dr. W, Irving Clark in his paper "Dust Hazerds and the Pre=
vention of Injury from the Same" read at a meeting of Govermment Officials in Induse
try st Boston, lass, on }ay 21, 1931, the most effective method of removing fine
particles of dust is by suction apprlied as close as possible to the point where they
are genereted and the amount of this suction is great enough to overcome the dis-
persing action upon the dust of the work being done, The velocity et the air ducts
of an efficient dust removing tube should be 1500 linear feet per minute. Quoting
Dr. Clerk:

"1To matter how well a workmen is protected he chould be kept under
medicel supervision end have & periodic exemination of his heart
end lungss In addition, the X-ray should be employed freely in
order to detect early signs of fibrosis in the lwmgs and to show
ery signs of eerly pulmonery tuberculosis. In my experience with
vorkers exposed to inorgenic dusit, non-silicous in cherscter, =
yearly physical exeminstion with an Xe-ray every second year efter
ten years exposure is sufficient but it must be remembered that
this is the result of work in & factory where the character of
the dust is relatively hermless sné where excellent dust remov-
ing devices are installed on every machine where it is possible,
Wwhere free silica is present in lerge guantities the examinetions
should begin after two or three years exposure end an X-ray should
be taken every yesar.

Dr. Clerk also states that men who are asthmatic, who suffer from chronic
broachitis, or who have had pulmonary tuberculosis should not work at a dusty job.

VII - HANDLING POWDERED OR PULVERIZED MATERIAL

A large smount of powdered or pulverized materials ere used in the treetment
of petrolewm products and boiler weter and in the manufacture of greases sand insecw
ticides. In most cases epproved respiratory protection is provided and its use re=
guired when handling the materials, Exposure to dust is usuelly intermittent and of
short duration., Among the powdered or pulverized materials used in the refining of
petroleum products and associated activities are:

A = LIME: Lime is extensively used in the hydrated form and to a much lesser de=
gree as lump quicklime,

1, Hydrated Lime: Used in the preparation of lime somsp grease and the manue
facture of pressure gun and cup grease; also in the treatment of boiler feed-
water to "soften it". It comes in fifty pound paper bags by railroad, usuale
ly about 1,000 bags to a car. According to & chemical analysis of a typical
sample, hydrated lime containss:

F9205A1203aoooooolw.- o. 30 per cent.
CaC..O.C..."..O..0.073.64 " "
MECooseveaosnssannsoe 0,93 M u
Insoluble Silica

Residue....., 1.01 " "

Remainder mostly Moisture and Volatile Matter)

From 150 to 350 pounds of lime are used per batch in the menufacture of greases.
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The secks of lime are ususlly opened and dumped into the mixing kettle, Cone
giderable dust (as high as 34,890,240 particles less than ten microns per cu-
bic foot -in one semple) §s produced by this operation. The average dust pro-
duced is 8,733,305 particles per cubic foot and the average exposure per batch
is sbout five minutes, The number of batches made per week varies from one to
twenty-five, No respirators are worn by men dumping hydrated lime at any of
the points where it is used with the exception of Baton Rouge where the wear~
ing of +he MSA "Cemfo” vespirator is required. About 857 of the dust particles
in samples teken while dumping lime in mixing kettles are slightly angular,
slightly opaque, crystelline, in appearance under the Konimeter microscope,end
five microns or less im size; 15% are rounded, semi-opaque, with a metellic
greyish color, ten microns or over. There are also a countless number of very

small particles,

Only e small quentity of Hydrated Lime is used in the treatment of boiler
feedwater., About 70 pounds of lime is mixed per batch and about six batches
are mede every day (24 hours)., The mixing is done by one man on each shift,
Although the exposure is very short, the men at Ingleside Refinery wear Willson
"Dust-tite" respirators while dumping lime, The average dust produced during
this operation is only 657,024 particles, ten microns or less, per cubic foot,
This low dust concentration is the result of & spray of water from a two inch
pipe scross the haeteh of +the mixing tank just below the operning while sacks are
being dumped. Consequently, the materiel is wet almost as soon as the lime is
introduced. Abowt 5% of the dust particles in samples teken while the lime
was being dumped into the mixing tank were semi-angular crystalline in appearw
ance, and from five microns or less in size, and 5% were round opague, two mi-
crons or less in size,

2, Immp Quivklime: UTsed to "soften" boiler feedwater. The lime used for this
purpose is Oyster Shell Lump Quicklime (97% Ca0), It comes in fifty pound
paper-lined burlap bags, and eight bags are usually used per batch., One batch
is made per shift. The dumping and mixing requires about ten minutes per batch,
end the man doing this work is protected by rubber type goggles, but no respi-
rator. The average dust produced by handling the bags of lump Oyster Shkell
Quioklime is 2,605,440 particles per cubic foots The average dust produced
while dumping the bags of lump Oyster Shell Quicklime into the mixing tenk is
294,528 particles, less then ten microns, per cubic foot. The. handling and
dumping of this Oyster Shell Quicklime produces less dust than is produced by
the hydrated lime ususlly used, About 95% of the dust particles in samples
teken during the dumping of Oyster Shell Quicklime into the mixing kettle ap-
pear slightly engular, crystalline under the Konimeter microscope, and are five
microns or less in size; 2% are round, semi-opaque, over ten microns in sizes
and 3% are black opaque scale-like, five microns or less in size,

Whet Physilopdenl Effect is Produced by Lime Dust? According to the Inter-
rational Labor Office (Occupa‘tlon and Health, Vol, II, 1934) particles of lime mix
with the sweat of worlmen handling it and irritate the uncovered pores of the
skin; lesions of the mucous membranes are also set up, We are told thats

"The action of quicklime is due partly to its avidity for water
(dehydration), to the heat given off in its reaction with water,
and partly to the peculiar causticity of the alkaline oxides or
alkaline eerths, Quicklime exerts essentially & local action
(on the skin and mucous membranes) irritating and caustic, which
is neturaelly less marked in the case of sleked lime, Milk of
lime is & feeble caustic acting only or the mucous membranes,
The dilute lyes are only ceaustic to the skin after prolonged ac-
tior and especially when they are warm,
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"In practice it is the dust of quicklime and sleked lime, given
off in the course of manufacture and menipulation, which gives
rise to the well kmown lesions. This very fine dust is deposit-
ed readily on the mucous membranes and skin. When inhaled it
mey penetrate as far as the respiratory tract,"

Although lime has a tendency to irritate the mucous membrenes of the respira-
tory trect, it is not considered particularly hazardous when breathed in small
quentities at intermittent intervals, However, complications may result when a
large amoun: of the dust is breathed more or less regulerly, Therefore, it is
desiretle to wear an approved respirator such as the MSA "Comfo" or the Willson
"Dust=-tite".

B - METALLIC ZINC LUST: Metaellic zinc dust (90% through 300 mesh) is en importaent
constituent in Pipe Thread Coating Compound, About 1500 pounds of this material is
vsed per beich, and about fifty batches are mede per month. The zine dust comes in
400 pound wooden kegs or 500 pound steel drums., According to & chemical anslysis,
this zinc dust is 9C, 20%metellic zinc and O, 80% zinc oxide (ZnC). The particle size
distribution of a typicel sample s determined by a standard screen analysis is:

411 throush 120 mesh screen

2, 76% retained on 200 mesh
2. 04% i 1 250 "
22.24% " no o325 "

The zinec dust is dumped from the keg or drum onto & metel sheet in front of the ket~
tle end shoveled into the kettle by two or three men (with an average service of
ebout three months) from the General Lebor Department. This is a very dusty opera-
tion, OCne sample teken during the shoveling of zinc dust had as high as 68,760,960
particles per cubic foot of air +the average concentration being 28,331,328 par-
ticles, less than ten microns, per cubic foot., The worlmen are exposed to this dust
about thirty minutes per batch or approximately 2-1/2 hours per month. They wear
dust respirators. About 95% of these dust particles are deark grey, opaque, angular
in appeerance under the Korimeter microscope, and sbout five microns or less in
size; 5% appear slightly angular, crystelline, ten microns or less in sige, The
erystelline material is probatly zinc oxide,

What Physioloricel Effect is Produced by Zinc Dust? Although zinc oxide (Zn0)
produces definite physiologicel effects, metallic zinc dust does not seem to affect
the person breathing it other than that caused by the inhalation of any inert dust,
Nevertheless some investigators are of the opinion thet zine is not entirely inert
and herrless. Certainly it is not as harmful as lead or arsenie, but the United
States Public Health Service has certain limitations on the amount of zinc thaet is
permitted in drinking water. According to Nuck, E. Remy, and F. Foltzmann (Jour,
Indust. Hyg., Vol.12, 1930, page 171 Ab, ) Zinc dust can cause lung trouble after
being inheled in large quentities, Zinc dust is also very definitely explosive.

L - ASBESTOS "FLOAT": TFloat asbestos is used in the mamufacture of tractor lubri-
cants. It comes in 150 pound cloth bags by railroad, about 2000 bags to a cer.
From 200 to 3000 pownds are used per batch and from two to fifteen batches are made
per month, The bags of asbestos float are dumped into the mixing kettle by three
men with an average service of twelve years. These laborers are exposed to dust
about forty minutes per bateh, Dust concentration as high as 8,269,440 particles,
ten microns or less in size, per cubic foot are produced during the dumping of ase
bestos float, the average being 3,058,560 particles per cubic foot, About 98% of
hese particles are slightly anguler, round, trensparent in appeesrance wnder the
Eorinmeter microscope. and two microns or less in site; 27 ere round, semi-opaque,
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plate like, five microns or over in size,

Recent investigations have indicated that the inhalation of asbestos particles
ten microns or less in size is even more hazardous than was originelly believed, and
that in order to prevent harmful effects concentrations should be kept below five
million particles (10 microns or less) per cubic foot. The physiological effects
have already been discussed under "ASBESTOSIS" so need not be given any further con-
sideration. Men handling asbestos float should be required to wear approved respi-
rators.

D = GROUND MICA: Ground mica (80 mesh) is used in the manufacture of axle gresse.
It comes in 100 pound burlep bags. About fifty pounds of ground mice is used per
batck and an average of five batches are made per month. The period of expecsure:
will not exceed ten minutes a batch, Hendling growné mice produces an aversge of
2,577,120 particles ten microns or less in size, per cubic foot. About 60% of these
particles are transparent irregularly shaped scale like in appeasrance under the
Konimeter microscope, and five microns or less in size; sbout 407 are over ten mi-
crons in size, The transparent plates have smell lines or fissures and appear to
contain smell air bubbles,

Although ground mice has never been considered a hazardous dust, scme recent
studies made smong the workers in North Carolins indicete that continued exposure to
large quantities of ground mica over a period of years will produce a fibrosis, How-
ever, there is very little probatility of any trouble where concentrations are kept
below 10,000,000 particles per cubic foot of air and where the exposure to mica dust
is such a small percentage of the employee'!s working time,

E =~ SULFHUR: Sulphur flour is used for sulphurizing cutting oils and in the
preparetion of special lubricants for hypoid gears. Crude sulphur is used in the
manufacture of sulphuric acid and in the treetment of gesoline and nephtha for re-
nmovel of impurities such as the mercaptans.

Sulphur Flours Sulphur flour comes in paper-lined wooden berrels, 100=pound
cloth bags, or 150-powmd burlap bags, About 2500 pounds of this sulphur is
dumped into the melting kettle by two men with an average service of twelve
years, once a day. Their exposure to the dust which results from handling
and dumping the bags, an average of 1,540,608 particles, ten microns or
less, per cubic foot, 1s about fifteen minutes per man per shift onan ave=
rage, No goggles or respirators are worn. About 90% of the dust particles
in samples teken during the dumping of the sulphur flour were slightly angu-
lar crystalline in appearance under the Konimeter microscope, and five mi-
crons or less in size; 10% were semi-opaque, rounded, and over five microns
in size. The larger particles appear to contein small air bubbles, There
were also e number of very small specks,

About 370 pounds of flour sulphur is used per batch in the preparation
of hypoid gear lubricant. Two batches are made per week on an average,
The exposure to the sulphur dust is only about two hours per week on an
average. Since the sulphur is dumped into drums of o0il being agitated by
a rapidly revolving propeller type mixer more dust is produced then where
the bags are simply dumped into & kettle. Semples teken during this opera-
tion hed as high as 6,910,080 particles, ten miecrons or less in size, per
cubic foot, The average was 3,783,552 particles per cubic foot., The dust
particles had the same characteristics as those given in the preceding
paragraph,

Crude Suwiphur: Crude sulphur comes in box cars holding about 90,000 pounds,
usually from Freepor:t, Texas. Towers are filled with this sulphur by four

EMO01542



wh53=

men with an average service of eight years, It requires about two hours to
£411 a tower with sbout 10,000 pounds of crude sulphur. Iwo towers are charg-
ed every week, Consequently, the men are exposed about four hours a week to
the sulphur dust caused by bresking up the lumps (4,304,640 particles, ten mi~
crons or less, per cubic foot) and shoveling the crude sulphur into the tower
elevator (an average of 3,357,640 particles per cublc foot), The emount of
dust produced by this operation is somewhat reduced by the steam turned on in-
side the elevator shaft to prevent dust explosions. About 60% of the dust
particles in samples taken while the tower was being filled were slightly angu-
lar crystelline in eppearance under the Konimeter microscope and five microns
or less in size; 35% were rounded semi-opague, ten microns or over in size; and
.5% were opaque scale like, between five and twelve micrms in size,

Sulphur dust particles are explesive.but otherwise ere not considered hazard-
ous any more than any of the other "nuisance" dusts, although they will irritate the
mucous membranes end the eyes after slight exposure. Consequently, it is advise
able to wear rubber type goggles end approved respirators, such as the MSA Camfo
type.

In an article by Aldo Cestari (Arch. Intern. Pharmacodymemie, 1933, vol. 46,
pp. 300-314) it is stated:

"Intratracheal injection of sulfur suspensions brings sbout ex~
cretion of hydrogen sulfide in & period of 50 hours, There are
slight exudative and infiltrative reasctions in the lumgs. It
is supposed that & substance similar to glutethione reduces the
sulfur to hydrogen sulfide,"

F - LITEARGE: Litharge 1s added to the Plumbite or "Doctor" Solution to assist in
the removal of mercaptans, other sulphur compounds snd unsaturated hydrocerbons fram
gasoline and naphthe, From one to five 600-pound drums of litharge are used in =
batch, depending upon the stosk to be treated and the condition of the "Doctor Soe
lution”, The litherge is removed fram the drum a shovel at & time, and about fifteen
minutes are required to dump one batch. A batch is made once a week on an average,
The average service of the men involved in this operation is seven years, They wear
MSA Comfo respirators with an approved lead filter and rubber type goggles. All of

the work of adding lithesrge is done in the open air on a platform at the tops of the
solution tanks, :

The average dust produced during the dumping or shoveling of litharge into
the solution tank is 3,077,480 particles, ten microns or less in size, per cubic
foot, although there were as high as 9,288,960 particles per cubic foot during the
operation, A rough estimation of this litharge concentration indicates the presence
of from five to fifteen milligrams of lead per ten cubic meters -~ the amount that an
average person doing moderete work would breathe in one day. This is in excess of
1.5 milligrams in ten cubic meters which is the maximum allowable limit set by the
United Stetes Public Hemlth Service. About 80% of these dust particles were.rownded,
transparent, orystalline in appearance under the Konimeter microscope, and five mie
crons or less in size; about 157 were over ten microns and eappeared to contain small
eir bubbles; 5% were dark opague scale-like, from five to ten microns in size,

Necessary Precautionary Measures When Handling Litharpe, Litherge is a come
pound of lead, and oconsequently there is the possibility of lead poisoning unless a
few simple precautions are observed to prevent the entrance of lead into the body
by swallowing minute particles of the litharge dust, by inhaling the dust, or by
absorption from the skin when handling the litharge. An effort should be made to

cause as little dust as possible. Instructions issued by the Medical Department re-
guire thats
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"], No employee shall handle litharge until he has been exemined
and certified as physically qualified by the Company Doctor,

"o, Employees must be sent to the Company Doctor for physical ex-
smination at least every six months or at the first sign of
i1l health.

"3, Respirators - An approved type of lead dust respirator, proper-
ly adjusted, shall be worn when handling litharge. All respi-
rators shall be thoroughly clesned with soap and warm water,

"4, Clothing - Unionalls, caps or some head covering and geuntlet
gloves shall be worn when handling litherge. TUpon the cample-
tion of this operatign the outer clothing muszt -be. removed and
placed in a locker used for +his purpose only. Unionalls
should be washed at least once a week.

"5, Bathing and locker facilities = A conveniently located locker
end was h room shall be designsted for use of employees hand-
ling litharge, Separate lockers should be provided for street
clothes, work c¢lothes, and one for Uniomslls worn when hend-
ling litharge. In plants where men are handling litharge
throughout the shift, only two lockers need be provided. The
floors of the locker rooms where the men change their dust
covered Unionalls and the benches shall be thoroughly moisten-
ed before being cleaned,

"8, Fersonel cleanliness - General personel cleanliness is of first
irportance,

(2) Hends must be thoroughly washed on the completion of the
litharge handling operation. Hands must also be thoroughly
washed before eating or placing anything in the mouth. A
special effort should be made to clean the finger neils so
as to remove any litharge.

(b) Never eat umtil litharge covered clothing has been removed
end the hands washed,

(¢) Teeth should be brushed at least twice a day and the teeth
and gums kept in good condition,

(@) The mouth should be rinsed thoroughly before eating.

(e) Never use tobacco in any form while working in and around
litharge,"

The responsibility for the careful observance of ALL of these instruc-
tions should be placed upon the foreman,

G - SODA ASH: Soda ash (58% Ne20) is used to form a solution for neutralizing acid
0il, Thirty 200-pound cloth bags of soda ash are dumped into & tank of water per
batch by six men, with an average service of five years, from the General Labor De-
partment; three batches a week. len exposed to dust resulting from opening and
duwnping the bags of soda ash about five hours a week., Eight men spend sbout half &
day & month unloading bags from railroed box cars, The men who do the unloading
wear MSA Comfo respirators and are not the same men as those doing the mixing who do
not weer any respirators or goggles. The average dust produced by the dumping and
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mixing operation is 1,003,337 particles, less than ten microns, per cubic foot of
air. These particles are all slightly engular, ecrystalline in appearance under the
Konimeter mioroscope and about five microns in size. Many are transparent, glass
like, There are s number of small black specks.

H .~ TALC or "SOAPSTONE": Pulverized talc or "soapstone" is used as a filler in the
menufacture of "hot neck" greases used in the steel mills, According to R. B, Ledoo
(U.S. Bureau of Mines Bul, No. 213, 1919) ordinary talc or soapstane is Steatite
(hydrous magnesium silicate - HpMgz(Si0z)4). In the form of powder, the talc is
greyish white. Associate Chemist Frederick Goldman of the U.S. Bureau of Mines, who
mede a chemical snelysis of samples of telc as merketed, reports:

Si02e.eveenn. ereeve 46,04 per cent
CBO:vevovennooooncas 4,39 M "
MEC: covvuvtnavenses 26,20 "
Combined Oxides,s. X 150 84 " "

Greese mekers usuelly consider the composition of "sompstone” which they use &s ap-
proximetely 90% magnesium silicate and 10% celcium carbonate, It comes in 90-pound
paper bags, 700 bags to & box car, About 7200 pounds are used per batch and one
beteh is mede o day on an average. The "soapstone” is dumped into the mixing kettle
by two mern with an sverage service of ten years. This dumping which reguiressabout
en hour per batch is a rather dusty operation. One sample teken at face level just
after a bag had been dumped had as high as 22,995,840 particles, ten microns orless
in size, per cubic foot of amir. The average dust produced wes 13,084,960 dust pare
ticles per cubic foot, About 98% of these dust particles were transperent, crystal-
line, irregularly shaped plates and rods, in appearsnce under the Konimeter micro-
scope. Most of these particles (about 98%) were five microns or less in size, the
remeinder being ten microns or over; about 2% were scale-like, semi-opague, five mi-
crons or less in size,

Physiological Effects Produced By Tale Dusts., About two years ago Dr, W. C.
Dreessen, Passed Assistant Surgeon, and J, M., Dalls Valle, Assistant Sanitary Engi-
neer, Unlited Stetes Public.Health Service, made a study to ascertain whether there
is a comnection betweern talc dust exposure and the relatively high tuberculosis
death rete in Murrey County, Georgle, where two talc mills and mines are located,
They found (Reprint No, 1669 from the Public Health Reports Vol. 50, No. 5, Feb, 1,
1935, pages 131-143):

"Physical and roentgenologic exsminations were made of 66 men and
women who were exposed or had been exposed to tale dust. In the
higher dust groups comprising 33 men, 8 were found to have Pneumo-
coniosis I and 8 to have Pneumoconiosis II or III, Six of the
thirteen examined were diagnosed as having Pneumoconiosis I. No
advanced stages of the disease were found in this group, In the

group exposed to low concentrations of dust, no Pneumoconiosis
was found,"

The final conclusion of this study was that although Georgia talc appears to be "more
injurious than tremolite tale" the high tuberculosis mortality rate in the County
"could not be attributed to the tale industry“,

Investigators have suggested, however, that for more or less continuous expo-
sures concentrations of tale or "soapstone" dust should not exceed 15,000,000 par-
ticles, ten microns or less in size, per cubic foot of air,

L - GRAPEITE: Powdered graphite\'(eog'{ to 85% graphitic carbon and 15% probebly
megnesium silicete) is used in the manufacture of spring and pressure lubricants., It
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comes in metal drums or 100-pound paper lined bags., About 370C pounds of powdered
graphite is used per batch and one batch is made per day on an average, The
graphite is dumped into the mixing kettle by men with an average service of seven
years., This operation requires sbout forty minutes per batch per man on an average.
Three men are usually engaged in this dumping., They wear respirators while handw
ling and dumping graphite, which is not a particularly dusty operation. The average
dust produced is 1,803,080 particles, ten microns or less, per cubic foot of air,
All of these dust particles are rounded or slightly anguwlar, black opegue, smorphous,
sooty or dark grey in appearance under the Konimeter microscope, and three microns
or less in size.

J = SLATE FLOUR: Slete flour (300 mesh) gives rigidity to asphalt on "fast sure
faces" such as steep roofs and pipe lines, and prevents its rumning off. It &lso
produces cesireble weathering properties., Mixtures as low as 10% slate flour and
as high as 407 are used. An average of two tons of slate flour is used to each
still which averages about BOO barrels of steam reduced asphalt., Since the slate
flour is introduced by the use of closed pipe lines and centrifugel pumps, the only
éust produced is that which results during the unloading of the sacks and dumping
them inte the hopper. The slate flour comes in 50-pound paper bags, 750 bags to a
railroad box car. Four men with an average service of about a year, open the bags
end é¢ump the slate flour directly into & hopper from which it is siphoned by com-
pressed air to & storapge tank holding about 15 tons. About four carloads a month
are received end an average of about 5-1/2 hours is required to unload each car,
About one and three-guarter million pounds were dumped during the last guarter
periods, The men wear MSA Camfo respirstors. A screen amalysis of this slate flour
showed that 99, 7% passed through a 200 mesh screen and 96, 8% through & 325 mesh
screen, Due to the fineness of slate flour and its low bulk density (1.04) con-
siderable dust. an average of 12,007,680 particles, ten microns or less in size,
per cubic foot of sir, and counts as high as 16,538,880 particles per cubic foot,
are produced during dumping the sacks and filling the storage tank, About 98% of
these dust particles are slightly angular, transparent, crystalline in appearance
under the Konimeter microscope, and five microns or less in size; 2% are semi-opaque,
slightly angular, There were a few plate like particles which appeared to contain
smell air bubbles, and & large number of small black particles,

A petrographic exemination mede of & slate flour sample at the United States
Bureau ¢ liines Experiment Station in Pitisburgh, Pemnsylvanie showed thet it con-
tained more than 1% Quartz (SiC2), 30% Sericite (Kp0-3Alp0z=6 SiCo=-pHp0), 40%
opague and 30 five different unidentified constituents. A chemical analysis of
slete grenules amnd flour (Jour, Indust,Hyg. Vol.XV.,No,2,Mar,1933,p.67) reports these
constituents:

Silicon DioXide .ceceoeese 59, 27% Magnesium O0xid€eseeseos 26 215
Titenium Dioxide........ O.99% Potassium Oxid€e.cseess 3o 75%
Auminum Oxide,.veses.so 18, 81% Sodium Oxid€ieseoeasseole B8
Ferric Oxide,...veeee... 1.12% Water below 110°C. ....O0, 32%
Ferrous Oxide .oveve.... 6.58% " above " ......3,98%

Meneganous Oxid€ieec.... 0.13% Phosphoric Oxide.......0.11%
Calcium Oxid€iesveceesee 0.42% ~ Carbon Dioxid€e........0.21%
Barium Oxid€i..cveeveess O, 05% Ferric Sulphid€sse..es.0.15%

Specific Gravity - 2,795
"The silicon found, though expressed in the chemical analysis as
silicon dioxide, is not differentiamted chemically as to the

forms present in the original minerals, whether free silice or
silicate, "
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E2fect of Slete Flour on The Lungs - In his paper "Effects of Certein Silicate
Dusts in the Lungs" read before the Industriel Hygiene Section of the American Public’
Health Association at Washington, D.C, on October 27, 1932, Dr., Waldemar C, Dreessen
of the United Sietes Public Health Service, reporting the resuits of his studies of
workers exposed to slate dust, wrote:

"0f the 48 cases of pneumoconiosis observed, sll were in the first
stage except § cases, In general, the pneumoconiosis observed in
the early or first stage cases resembled that induced by cement
dust. The bronchiasl striations, however, were somewhat more promi-
nent., There was always a moderate bilateral incresse in the size
end density of the hilar shadows with accentuestions of bronchial
strietions which extended well out into each lwmg field, The
linesr strietions seemed “softer" in appearance cz2 lsckeé some of
the sharpness of detsil which is usuelly observed in the X-rays of
individusls who have inhaled silica dust. This diffuse, fine
generalized fibrosis was chiefly confined to the lower two=thirds
of the lung fields.

"In the second stage an incressed prominence of the sbove mention-
ed characteristics was present with the eppesrance of flake like,
dappled areas of increased density in both lung fields. In the
third stage these dappled areas seemed to conglomerate, and in this
merner gave way to massive, clouded areas of increased density."

Or. Ireessen found that although the silicete dusts of slate "induce a fine diffuse,
tilateral fibrosis of the lungs which is definitely demonstradble in the Xeray"
workers exposed to slate dust do not begin to show definite first stage pneumoconio-
sis until elter more than ten years' exposure, He did not find any evidence that
the resultent pneumoconiosis had led to disability.

i « CGRIDING DERRIS ROCT: Derris root is used in the manufacture of insecticides.
t comes in 500-pound bales from the Dutch East Indies. In order to reduce dust,
the bales are thoroughly wetted with white 0il. The root is ground at the rate of
500 pounds an hour to pass through e 3/8"-screen. One men with three years! service
is exposed to an average dust concentration of 1,604,800 particles, ten microns or
less, per cubic foot of air, About 80% of these dust particles are rather round,
crystalline in appearance under the Xonimeter microscope, and sbout five microns
in size; 20% are sharply anguler, five microns or less in size, The particles ap-
peer to be more inorgenic then orgenic in character. Evidently the lighter root
dust particles are either larger than 30 microns snd were, therefore, filtered out
by the Konimeter filter or were carried out by the exhaust ventilation, thus leeving
the éirt or soil which had adhered to the roots. The grinder is located in & small
room well ventilated by means of & 30=inch motor-driven fan. This expleins the low
dust concentration in the samples teken during the grinding operation., The operstor
weers rubber gloves, cover-alls, and is provided with a fresh air hose type of mask
while grinding.

To ¥hat Extent is Derris Toxic? According to recent studies by the United
States vepartment of Agriculture (Indust, & Eng. Chem, Vol. 28, Wo,7, July 1936,
Pps. 815-821) Derris is a possible health hazard to those engaged in milling, grind-
ing, end éiluting it (Derris) without the use of suitable protective measures,
Pharmecological studies show that Derris and its water extracts affect the respira~
tory center which is initiaslly stimulated and then, after fatal doses, completely
depressed, with death resulting. Derris dust when applied to the armpits was also
fownd Lo provoke & "rild evanescent irritstion,”

L « GC2ITTINZ PYRITERUY TLOWIZRS: Pyrethrum floweﬁs are an important source of one
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of the essential ingredients of insecticides. They come from Japan in mat covered
bales we15hing about 450 pounds, On en average, about ten bales are ground per
shift, Opening the bales of compressed flowers is the dustiest part of the opera-
tion, producing on an average 2,038,040 perticles, ten microns or less, per cubic
foot of air. About 85% of these partlcles are sangular, crystall:.ne in appearence
under the Konimeter microscope, and three microns or less in size; about 15% are
flat round particles and discs and shreds, ten microns or less. The crystalline =
appearing dust probably originates from the soil which has blown on the flowers or
plants, One man is exposed per shift for about four hours & day during & nine month
period, He weers & Willson dust respirator. The grinder is enclosed in a metal
housing connected by a fourteen=inch duct to & sixteen-inch motor driven exhaust fen,

Pyrethrum dust seems to irritete the skin of scme individuals and nokt affect
others in the leest; as & metter of fact it ceuses an allergic type of reaction in
some individuals to such an extent that it is inadvisable for such persons to work
in pyrethrum dust,

M -  MIXING AYD PACKING "FLIT" POWDER: "Fiit" powder is a mixture of pulverized
“derris root, pyrethrum flowers sand other 1ngred1en'ts. It is mixed in a specisal
room provided with exhaust ventilation by & men wearing a respirator. The dustiest
part of this operation is sifting the pulverized derris and pyrethrum which produces
en averege of 8,722,560 particles, ten microns or less, per cubic foot of air,

About 95% of these dust particles are anguler, crystalline in appearance under the
Kornimeter microscope, and about three microns in size; about 5% are less crystelline
end more opague, five microns or less in size,

Filling Cans: Three-guarter and two and one-quarter ounce +tin cans are fill-
ed by autametic machines. the filler ends of which are enclosed in a metel housing
with a four-inch exhsust duct to a fourteen-inch motor-driven fen, That this ex=
haust arrengement is fairly effective is shown by an average dust concentration in
semples taken at face level of the operator during the filling operation of
1,755,840 particles, ten microns or less, per cubic foot of air, The girl at the
Sealer wears a bag-type dust respirator,

VIII - CLEANING TUBES AND DRUMS CONTENTS

Clearning tubes and drums of boilers and process equipment is a routine opera=-
tion which produces considersble dust belonging more to the “nuisance" class thun to
the fibrosis causation group, Nevertheless, consideration should be given to keeping
such dust down to a minimum of not more than 10,000,000 particles per cubic foot due
to the nuaber of men engaged in this work and their more or less continuous ex-
posure

I, - CRACKIVZ CCIL SCAKING DRUNS: Cracking coil soaking drums “"coke-up" about
once a month, so that in many cases they are elmost completely filled with the ex-
ception of an opening down through the center no greater than twelve inches in diame
eter, At most plants, this coke is removed by a special machine; at the others, men
with an average service of ten years are regularly engaged in cleaning these drums by
means of a concrete buster type of pneumatic chisel, starting at the top of the drum.
One man works inside and two outside at the top manhole., The temperature inside the
drum is sbout 90 degrees Fehrenheit, DZach man works haelf an hour inside and is then
relieved for about an hour, On en average. each man works about two and a half hours
per shift, two shifts a week. A "boatswain" chair is used to get in and out of the
drun, They wear "hardboiled" hats and life-belts, Excellent ventilation is provided
by & steam or an air syphon placed in the bottom manhole of the drum, as a result of
which samples taken at face level of men during the operation of the pneumatic chisel
had an averaze of only 311,520 dust particles, ten microns or less, per cubic foot of
air. About 60 of these particles were sherply angular, crystalline in sppearance
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under the Konimeter microscope, and sbout five microns or less in size; 35% were
round, semi-opaque, crystalline, sabout ten microns or over; apd about 5% were small
black perticles. There were elso a few black scale-like particles over ten microns
in size. The mejor portion of this dust is probebly coke or carbon snd the scale=
like particles are, no doubt, metal from the sides of the drum or fram the chisel.

TI., - CRACKING CQIL TUBES: There are 183 tubes in a high pressure cracking
coil unit., After running from twenty to twenty-five days, depending upon the chare
acter of the stock being rum, the temperature and pressure, the petroleum coke which
is deposited on the tubes must be removed. Liberty air«driven tube cleaners with
cone end star cutters operated by men with en average service of six years are used
for this purpose. The men work in gengs of six to eight end are exposed to dust
gbout six hours every two shifts on an average, They wear neither goggles nor respi-
retors . elthough & dust sample teken .immediately after reversing the cleaning
machine while in & tube contained as high as 9,062,400 particles, ten microns or
less in size, per cubic foot. About 30% of these dust particles ere black, opague
in eppearance under the Konimeter microscope, end two microns or less in size; 40%
are snguler, transperent, plate-like, ten microns or larger; and 30% are angular,
trensperent crystalline, five microns or less in size.

Semples teken on the Cleaning Flatform while cleaning Cracking Coil Furnace
tubes at a Forthern refinery hed an average of 113,280 particles per cubic foot,
Tinety-eight per cent, of these dust particles were rounded crystalline in appearance
under the microscope and five microns or less in size. Samples taken in the passage-
wey back of the furnece while tubes were being c¢leaned had as high as 1,076,160
perticles, ter microns or less in size, per cubic foot of air, This indicates that
the men in the passagewsy, back of the furnece are exposed to more dust than those
oz the cleening platform.

III, - WATER HDADERS AND BCILER TUBES: Tubes and headers are cleaned twice
e year by means of air-driven turbines. It has been found that cleaning can be done
more effectively il done dry rather than wet because the dust cen be blown out., If
water were used, the loosened material would soon form a paste which-would be smear=
ed back on the tubes by the sction of the clearing turbine, Regardless of the dust
which is produced in concentrations as high as 30,359,040 particles, ten microns or
less in size per cubic foot of air, workmen prefer working in dry drums rather than
in wet ones, Eight men (two on each turbine) are engaged in this cleaning operation
which requires sbout twelve days & year. Men with an average service of fifteen years
ere assigned to this job from the Labor Department, The temperature inside of the
drums or headers is about 70 degrees Fahrenheit, In accordance with the usual prac=
tice, men operating the turbines, inside the drum or header, work about ten minutes
end are relieved for ten minutes by their co-workers who assist in handling the air
hose in and out of the drum manhole. Respirators have been provided in most cases

but are not always worn., The average dust produced while cleaning water-headers and
boiler tubes in samples taken from:

Lower Platform, Front Water Header........e.......18,306,048 part, per cu, f't,
In #2 Drum While Cleening “ater Wall and Tubes.... 5,664,000 " woou
Inside Manhole Drum #+3 While Being Cleaned........28,320,000 " won

About 407i of the dust particles in the semples taken on the lower front water-header
platform, while header was being cleaned, were rounded, dark red in appearance under
the Konimeter microscope, and about two microns in size; 507 were opaque, more or
less angular, and about five microms in size; 10% were crystalline, slightly anguler,
and over ten microns in size, About 65% of the particles in the sample teken inside
#2 drum during cleaninr were tleack, opaque, angular, less than two microns in size;
ard sbout 15% were round. more or less opague, over ten microns, The concentration

o dust INSIDL the érum éurinr cleaning eppears to decresse with the distance from
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the menhole as is demonstrated by these counts in semples from Drum #2 (Riley Boil-
er):

Location Particles per cu. ft.

InsideMmhole...CUOCl.'l..l’d..l"hl..‘GOQ...'..Q‘a..."...'ﬂo. 19’257,600
About B ft, Inside Drilieeesecescscoccevonsrsosasvnrcosasssnones 4,078,080
n

11 " " " O.l.....‘.l'll..ll.o.lﬂ...ooo.l.l.‘I.l;' 2’265’600
v 18 " " B ieeesesecevssasaoreasassvsasecsssansesss 1,585,920
" 24V " T eeesoistetactensstrecaaccccsasesasasns 1,132,80C

The dust particles from inside the drum appear black, angular end were less than two
microns in size, The dust from these cleening operations are supposed to be largely
the results of metal corrosion end sediment (lgrgely falcium Carbonate end Calcium
Phosphate) deposited by the treated Boiler Feed Water, A petrographic examinetion
of a sample of dust from the Front Water Wall Header was made by the United Stetes
Bureau of Mines Experiment Stetiom at Pittsburgh, Pemnsylvenia, who reported:

Qu&r‘tz (SiOZ)-..-.............-...o.o.o lper cento
Opaque or Coated with Opaque Materisl.. 80 " "
Unidentified Clay-like.'oataooo-oo.¢aoo 9 " u

According to a chemicel analysis of this same material made by a regular re-
finery chemist using the method of Adolph Knopf, TU.S.Public Health Service, the dust
contained:

Free Si1icC8.cevcervessscecsccasvescsess 0070 per cent,
Combined S31iCBiseseecsescroscsesecceasadlsOL " ¥

Althovgh the analysis of the dust shows a low free silica content, the high
dust concentratiors found and the possibility that at times such concentrations may
be higher thar those found, demonstrate the desirability of wearing respirators ree
gardless of the kind of dust encountered,

IX - FOUNDRY OPERATIONS

During recent years consideratle attention has been focused upon the health of
foundry workers by the operation of the so-callod "Silicosis Racket" which has ex=
tracted large sums of money from the Foundry Industry. It is difficult to isolate
this type of work which gives rise to & very general exposure to dust which may ine
volve all workers employed in the foundry. 1In many caces the worker is in such close
cortact with the duty atmosphere as to cause serious exposure. IMuck progress has
been made in reducing the dustiness of our foundry operations and plens are now being
considered which will further safeguard our foundry workers. The following is e
brief outline of foundry dust producing operations:

A, = POURING MOLTEN METAL INTO SAND MOULDS - About 19-1/2 tans of metal are
poured per "heat"., Thirty-five men with an average service of twelve years spend
about one and a helf hours pouring and six and & helf hours moulding per day, five
days a week, Goggles, asbestos leggings and congress-type shoes are worn by the men
handling the molten metal. About 60% of the moulding send, which is the principal
source of dust, is free silica (Si0g). During the pouring operation the foundry air
appears to be full of dust and smoke, however, samples taken during this work aver-
aged only 396,480 particles ten microns or less in size per cubic foot of air, Prac-
tically all of these dust particles appeared angular, crystalline under the Korimeter
nicroscope and were ebout two microns or less in size,

A sample of dust from the top of the crane rail over the moulding floor was
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given & petrographic exemination by the U,S.Bureau of Mines Experiment Station in

Pittsburgh, Pemnsylvania who reperted 50% quartsz (Si0gp); 15% Clay Mineral mnot com-
pletely identified, KXeolinite is AlpOz.pSiOgp. 2H0; 5% Calcite (CaCOz ) and 30%
Opague,

B, = "SHAKING OUT" CASTINGS - After pouring, the castings are allowed to
cool, then the moulds are liberally sprinkled with water from a hose. The bands or
clemps are removed and the flask is throvmn over and broken open. The rough castings
are pulled out, piled up end trucked to the Cleaning Room. "Sheking Out" is con-
sidered one of the serious occupationel disease hazards encountered in industry and
the dustiest operation in founderies but due to the thorough wetiing and careful
hemdling by the men, samples teken during the operation had an average of only
858,220 cust perticles ten microns or less per cuble foob of alr, The impinger
method would no doubt reveal much higher counts. About 98% of the dust particles
were slightly angular erystalline in appearance under the Konimeter microscope and
were one micror or less in size, "Shaking Out" is rather hot work, the men per-
spire freely so that it would be difficult to enforce the wearing of goggles and res-
pirators., Twelve men with an everege service of eight years work on this job, eight
nours per shift, five shifts per week,

2 fher the castings heve been removed the moulding sand is agein wetted and
thoroughly worked over with a motoredriven sand cutter which is a series of revolve
ing blades, similer to those on a lawn mower, operated by sn electric motor, moumted
on & rubber~tired four-wheeled carrisge which moves back and forth over the moulding
floor, Moisture tests are mede and when these tests indicate 4,6 to 5.6 moisture
the sand is considered ready for the mouvlders, During the operatiorn of this sand cut=-
ter, the operator is exposed to an average dust concentration of 1,529,280 perticles
ten microns or less per cubic foot, These particles were less than twc microns and
were slightly angular crystelline in appearsnce wmder the Konimeter microscope,

Coe = CLEAWING CASTINGS = Various methods are used to cleen castings depend=-
ing on their size and shape, All of these methods produce more or less dust same of
which can be taken care of by exhaust ventilations, others cennot, The methods most
cormonly employed are:

() Preliminary Cleaning - Castings are brought fromr the moulding floor during
the night and deposited in the Cleaning Room. The following morming the cores are
knocked out, the sprues end gates are brokern off and some scrateh cleaning is done,
This work produces considerstle dust especislly when the sand and old cores are
shovelled through the ;rating into the car or bucket below (3,455,040 particles ten
microns or less per cubic foot of air), Under the Konimeter microscope ebout 70% of
the dust particles appear angular, crystalline, three microns or less in size; 20%
were rounded crystelline, five microns in size and about 5% were scale-like semi-
opague with a reddisk-brown tinge and over ten microns in size. Pulmosar Respirators
have been provided but are not always worn by men doing this work, NO attempt has
been made to control dust from preliminery cleaning although some study hes been
given to the provision of & speciel air-tight room with a grating flocr and a hopper
tnderneath with a screw conveycr at the bottom to convey the debris to the disposal
car or bucket and thus eliminate the dust-producing shovelling and handling, Under
this plan exhaust ducts with a series of outlets around the top of the hopper carry
of" the dusts Air is also introduced into the room sbout & man's breathing level and
the amount of air taken out is zreater then that introduced so that a negative pres-
sure is meinteined and a complete air change is made about every three minutes,

(b) Tumblast = The Tumblast is a machine which combines tumbling with air blast-
ing. From 400 to 1500 pourds of castings are put into a drum which revolves about
10 22, They run from sbout 20 minutes to four hours, depending upon the type of
cestings and cleanliness required, Wrile the castings are being tumbled they receive
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8 blaest of #R0 Steel shot through three 5/16 inch nozzles under an air pressure of
85 pounds per square inch. This machine is operated by three men, with an average
service of eight years., for a period of two and a half hours per man per day, five
days a week. Pulmosen Dust respirators are provided but are not always worm, A
ten-inch exhaust pipe has been installed at the top of the machine and & six~inch
exhaust pipe over the screen, The suction on these exhaust pipes is said to be
about 2-1/2 inches water. Samples taken during the operation of this machine aver-
aged 1,200,760 dust particles, ten microns or less in size, per cubic foot which ine
dicates that the dust control measures which have been provided are getting results
although there is still room for improvement., About 98% of the dust particles ap-
pear quartz-like under the Konimeter microscope; about 60% are five microms or less
in size and are angular crystalline in appearance; 40% are ten microns or over in
size, andé rather roumded in eppeerance, There ere also a lerge nurker of minute black
metrllic specks entirely too small and numerous to count accurately,

(¢) 81y Tumbling Mill - Cleans brass castings by a combination of tumbling end
air-blasting with 3 Sand Blast Sand and 85 pounds per sguare inch air pressure, The
Mill holds from 100 to 150C pounds of castings and cleans five loeds & day. Two men,
with en average service of 15 years, operate this mill whick runs about five hours &
day. They wear Pulmosan Dust respirators and -oggles when opening the machine., This
1311 is hooded with mn B8-inch exhaust pipe having a 2-inch water suction. also a
10-inch exhaust pipe over the sand screen at the rear of the machine, Samples of
dust teken during the operation of the Sly Tumbling Mill had as high as 2,482,160
particles ten microms or less in size per cubic foot of air and an average of
1,393,344 perticles per cubic foot, About 90% of these dust particles were rounded
crystelline in appearance under the Konimeter microscope snd two microns or less in
size; 5% were black, opaque scale-like and 5% were rounded crystalline about five
microns in size,

(@) Tuztling Barrels - 36" x 42" Whiting Tumbling Barrels remove sand fromcaste-
ings. They holé from 1200 to 1500 pounds of castings per loed and revolve at 10 RFVY.
The cestings are tumbled about two hours with ebout 700 povmds of one-inch unannealw
ed cest malleable iron stars and jacks, An exhaust system with a 6-inch pipe through
the trunnion having & suction of 1-1/4 inches water. This suction has been found in-~
adeguate to give the desired results consequently the suction is to be increased to
4=inches water. Samples teken during the operation of the Tumbling Barrels had an
average of 1,348,032 dust particles ten microns or less in size per cubic foot of
air, Abovt 90% of these particles were angular crystelline in appearance under the
Konimeter Microscope and three microns or less in size; about 10% were rounded semi-
crystalline, ten microns in size, There were also a few triangular-sheped opague
metallic particles. Three men, with an average service of twelve years, operate
these tumbling barrels eight hours a shift, five shifts a week, Pulmosan Dust Proof
respirators and goggles have been provided but are not always worn. .

The type of Tumbling Barrels being used has been condemned by 2 major com-
rany because it is impossible to ventilate it properly. The holes in the end liners
clog up when the barrel starts revolving. thus preventing circulation of air through
the barrel. This condition hus been remedied, in a new design now on the market, by
the use of two shells -~ an inner perforated and an outer solid shell, Both trun-
nions are hollow and are connected with the air chember between the two shells, Air
under pressure is introduced through one trunnion and exhausted through the other:

(e) Air-Blasting - Cestings which cannot be tumbled due to their size and fraw
gility are cleaned by air-blasting (85 pounds per square inch) with mixture of ap-
proximately half end half sand and 740 Steel Grit, Syracuse Core sand is used when
& special finish is desired. There are three men, with an average service of three
yeers, on this job who work 45 minutes of every hour, eight hours a shkift, for one
vieek ovt of three weeks, This work is done in a specidl tight air conditioned room
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while wearing a Sly Sand-blest Helmet supplied with outside fx_‘esh air provided by &
speciel blower used for that purpose only, Samples teken inside the room while a
casting was being air-blested had an average of 3,738,240 dust particles ten microns
or less per cubic foot of air, About 807 of these dust particles were sharply angu-
lar crystalline in appearance under the Konimeter microscope and three microns or

less in size; 20% were rounded guartz-like crystels about ten microns in size, There
were also a few rust-like scales and a large number of black metallic particles too
minute end too rumerous to be counted accurately. The silicosis hezard of this opera-
tion could be greatly reduced by the use of steel abrasives exclusively.

(f) Rough Snegging Wheels - These machines are used for removing projections
such as sprues, parts and gates from castings. There are two types of these wheels:
the DOUBLE END using either 19-1/2" x 3" Cerborundum and Vitrified or 24" x 2-1,/2"
Redmenol (Bekelite bound) Wheels; and the HORIZONTAL DISC Grinder having e 50"
dismeter vitrified wheel, These wheels msre used by seven men having ar average
service of nine hours per shift, five shifts per week. Each wheel is hooded and hes
a four-inech suction pipe. There is an eight-inch suction pipe on the Horizontal
Grinder. Goggles and respirators ere provided but the latter are not always worn
with the exception of the men on the Horizemtal Grinders., Vitrified wheels are run
at & slower speed (1800 RF!M) then the Bakelite Bound Wheels which operate at 3400
RPM. Semples taken during the operation of the Rough Shagging Wheels hed the fol-
lowing dust concentrations.

Double Ind Snageging Wheels:
Average Dust from Vitrified Wheels....es-...s 3,653,280 particles per cubic foot
" " " Carborundum " ........... 3,322,820 " " " "
" " " Bakelite Bound Wheels...... 2,662,080 " " R "

Horizontal Disc Grinders:

Average Dust from 50" Vitrified Wheel........ 2,124,000 particles per cubic foot

The average dust produced by all the Rough Snagging Wheels was 2,322,820 perticles,
ten microns or less in size, per cubic foot of air.

About BO% of the dust pearticles from the vitrified wheels appeared black angu-
lar opegue under the EKonimeter microscope and two microns or less in size; 20% an-
guler crystelline -about one micron or less, There were also a large number of black
minute particles too small and numerovs to count. The dust particles from the Hori-
zontal (Vitrified) wheel were approximately 90% angular, crystalline and 107 black
opague, All of these particles were about two microns or less in size, About 60%
of the dust particles from the Bakelite bound wheel were black angular two microns
or less in size; 25% were smpgular crystalline, less ther one micron in size apd about
15% were rounded crystalline sbout five microns in size,

(g) Fine Spagging end Polishing Wheels - These wheels grind off smell projec=
tions and remove rust from stock which has been in storages There are three types:

DOUBLE 4" x 14" POLISHING EMERY WHEELS = Wheels after being made up are dipped in

glue and then rolled in Alundum Grinding Grain, sizes 60, 80 and 120 mesh, DOUBLE
DISC GRINDERS - 36" discs covered with 346 Cast Iron Grain or Silicon Carbide (an
electric furnace product) and WIRE SCRATCH BRUSHES =~ made up with four 12" sections.
Exhsust hoods with & suction of from three to five inches water, have been installed
on the Polishing Wheels and Disc¢ Grinders, There is NO hood on the Wire Scratch
Brushes, These wheels are used by four men with an average service of two years. They
wear goggles and gloves but no respirators, Samples taken 2t face level curing the
operation of this eguipment had the following average dust concentrations:
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Dust Produced by 36" Disc Grinder..eeeesesees 1,416,000 particles per cubic foot
" " 12" Wire Seratch Brush...... 736,320 " " " "
" " " 4" x 14" Polishing Wheels.. 481,440 " u " u

These comparetively low dust counts indicate that the dust control measures which
have been~provided are either effective or the dust particles produced are over 30
microns in size and were thus filtered out by the Konimeter filter., Under the mi-
croscope dust particles from the Polishing Wheels appeared all round crystalline and
about one micron in size, About 40% of the dust particles produced by the Double
Disc Grinder were sherply angular, opague sbout three microns or less in size; 60%
were less angular crystalline about one micron in size. The dust particles produced
by the Wire Scratch Brush were all rounded, crystalline end about one micron in size,
There were no meiellic particles in any cl the samples examined, Few exhnust hoods
have been instelled on Wire Scratch Brushes because it hes been generally assumed
that these brushes did not produce any dust. Tbis essumption, however, is untrue as
one semple from a wire brush at a Southern Refinery had as high as 6,683,520 par-
ticles ten microns or less per cubic foot of air,

(h) Cone Grinding Wheels - These wheels are operated with compressed air end
are used to do miscellaneous grinding on castings by four men, with an average ser=-
vice of iwelve years, ebout two hours a day on an average, The cones are 5-1/4" x
3-1/4" vitrified ené produce an average dust of 1,889,120 particles ten microns or
less per cubic foot of air. About 80% of these partlcles are sharp engular crystele
line. 1In eppearsnce under the Konimeter microscope they are five microns or less in
size; 20% are round opague but non~-metellic in appesrence and five microns or over
in size. . There are no hoods over these wheels and the operators wear no respirators,

Lverage Dustiness of Cleaning Rocm Air ~ A series of five samples were
taker between 9:30 and 9:40 A}, to determire the average smount of dust in the air
of the cleaninz room while the various cleaning operations were in full blast, Ane
other series of five samples were taken sbout 3 30 Polie in the afternoon after the
room ha¢ been given its regular clean-up., There was quite a difference in the amount
of cdust in the air during the morzing (2,185,480 particles ten microns or less per
cubic foot of air) and durlng the afternoon toward the close of the shift (338,272
perticles per cubic foot). About 95% of the dust particles in the evening samples
were angular crystalline in appearance and about itwo microns in size., There were &
few large semi-opague or scale-like particles about 20 microns in size., About 98%
of the dust particles ir the morning samples were angular crystalline two microns or
less in size and about 2% were round, crystalline over five microns in size.

A sample of dust from top of one of the larger Exhaust Ducts in the center
of the cleaning room was given a petrographic examination by the U.S.Bureau of Mines
Experiment Station at FPittsburgh, Permsylvenia and found to contain 40% Quartz
(5i03), 20% Clay Mineral not completely identified; 40% opaque,

D: =« CORE MAKING = A large number of cores are made by the Demmler Air Ope-
rated Core Machine which uses a mixtwe of two-thirds sea sand, one~third river sand
and one gallon core oil per 60 gallons sand, There are three sources of dust in the
operation of this machine:

(1) Shovelling Sand to £ill the Machine Hopper..1,019,520 particles per cubic foot
(2) Blowing out COre=boXeSieeccecessssescscseasaece 736,320 " " "
(2) Blowing sand into the Core-liouldSiecseeessss 755,200 " " " "

About 987 of the dust particles from blowing out the core boxes are dark,
opacue in appearance and about one micron in size, The dust particles from blowing
zend into the core moulds cre angular crysiellire less then one micron in size,
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Cores are "smoothed up" after being baked in the core oven by scratching
off the rough edges with an old hacksaw blade., This operation produces an average of
806,240 dust particles ten microns or less in size per cubic foot of air, About 98%
of these particles are angular, crystalline in eppearance under the Konimeter mi-
croscope and are less than one micron in size.

E, ~ SEPARATION OF BRASS FOUNDRY SKIMYIINGS - A Steinlein Separator, revolv-
ing about 25 RFli, separates brass from about 100 pounds of skimmings an hour. The
separator has a 4-inch exhaust duct to a 12-inch fan which produces a suction of
about four inches water, Samples taken during the operation of this machine had an
everage of 1,221,920 particles ten microns or less per cubic foot of air, About 95%
of the dust particles in samples teken above the charging chute appeared opague
enzuler black iz color under the Konimeter microscope and were less then one micron
in size,'" About 80% of the dust perticles in ssmples from the trunnion were more
crystalline and rounded in appeerance end less then one micron in size, This was
a2lso true of the samples takern in front of the machine where the slag drops down into
& bucket. The dus® perticles in samples from the metal being discherged frem the
machine were about 507% metallic in appearance about 50% anguler crystalline., Both
crystelline and opague particles were abovt two microns or less in size, Six men,
with an average service of seven years, teke turns operating this maechine which runs
ebout two hours per dey on an average.

X - MASON’S OPERATIONS

I, - TEARING OUT STILL FIRE BOXES « Two men with an average service of ten
veers, spend two days a month on an average tearing out slag-covered bottoms of crack-
ing coil furnsce fire boxes., Temperature inside fire box is about 85°F, The bot=
toms which are composed of fire brick are broken up with "Bull Point" Pneumatic

nisels, Seamples taken inside the fire box while this work was in progress had dust
concentrations as high as 1,018,520 particles ten microns or less per cubic foot of
eir, These particles were glassy sharply crystalline in appearance amder the Koni-
neter microscope, About 90% were five microns or less in size and 107 were over ten
nicrons. The larger particles were semi-opague, There were also s large mmber of
round blaeck opague particles about one mieron or less in size, After the bottoms
hed been broken up by the pneumatic chisels they esre shovelled out through the fire-
box door and then reshovelled into trucks to be hauled awey., This operation natural-
ly produces more dust than the breeking up inside the fire box, Although no wind was
tlewing samples taken at fece level during the shovelling and loading hed dust con-
centretions as high as 2,435,520 particles ten microns or less per cubic foot of air
end an average of 1,345,200, Goggles but no respirators were worn by the workmen.

II, « CHIPPING OR CUTTING CCNCRETE - A large number of employees with an
average service of three years, spend at least ten per cent. of their time dismant-
ling or cutting concrete structures with pneumstic chisels in the removal of old
foundations, concrete supports and blocks and in cutting holes in walls and floors.
Semples taken during the cutting or chipping of concrete had as high as 6,910,080
particles ten mierons or less in size per cubic foot and a general average of
1,591,051 particles per cubic foot. All of these dust particles are slightly angular
crystelline in appearance under the Konimeter microscope. About 85% of the dust par-
ticles —ere five microns or less in size; 10% between five and ten miecrons and about
57 over ten microns in size, In many cases neither goggles or respirators were worn
by the workmen. Regardless of the rather low dust counts found, men engaged in chip-
ping or cutting concrete should wear concrete due to the high siliea content in the
usual agzregate used in concrete.

III, - CEIPPING MORTAR FRON BETWEEN BRICK - Chipping Mortar with pneumatic

ciisels from betweern bricks inwalls of structures preparatory to weather-proofingise
pariicularly dusty operstion. Samples teken during this work had dust concentrations
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as high as 20,956,800 particles ten microns or léss per cubic foot of air and a
eeneral aversre of 13,848,480 particles per cubic foot, All of these particles were
anzuler crystelline in eppearance under the Konimeter microscope end ebout six mi-
crons or less in size, There were also a countless number of minute reddishegray
particles, This work wes done by an outside contractor whose employees wore goggles
but no dust respirators,

IV, = CRUSHING FIRE BRICK - Fire bricks are crushed in a belt-driven Williams
or a Motor-driven Sturtevant Brick Crusher so thet 80% will pass through a 3/8" or &
150-mesh screen = much of it is powdered during the crushing, This material is then
mixed with fire clay, crushed asbestos and cement to make "Ganister" which is used in
tube sheet linings. packings or as mortar in tullding fire boxes of furmaces.

Samples taken curing the crushing of fire brick had dust concentrastions as high es
11,554,560 particles ten microns or less in size per cubic foot and a general averege
of 2,562,960 perticles per cubic foot., Crushing new fire brick produces about six
times &s meny dust particles (4,375,733 per cubic foot) as is produced when crushing
0ld, useé fire brick (736,320 particles per cubic foot), Under the konimeter mi-
croscope about 94% of the dust perticles produced by crushing new fire brick appeer
enguler crystalline, one micron or less in size; sbout 5% are opaque over ten mi-
crons and about 1% are dark opaque, scale-like about five microns in size. The dust
perticles from crushing old used fire brick are more rounded crystalline in appearance
ancé are about {ive microns or less in size, An analysis of Alamo Firee-clay Brick,
which is cormmonly used and was the new unused fire brick being crushed at the time
our samples were taken, supplied by the menufacturers (Earbison-Walker Refractories
Company) reportss

S113CBueecevscssonsaserese Dle8 per cent.
Alumine and Titanig....... 45.4

Ferric Cxid€seeeeececcoess L1 " "
Lime,eeeeereoeceresonncans 0.5 " "
Megnesifesceecaeeanosesoss  0u3 7 A
AlkeliesS. .. iieeiienennnnns .1 " "

Fire brick is crushed by two men assigned from the Labor Department, the aver-
age service of these men is about 14 years. Two to three tons are crushed per day.
The total length of exposure per month depends upon the demand for crushed fire
brick end will vary from & general average of fifteen hours per man per month to as
much as twelve hours a week, Goggles and M. S, A, Caomfo dust respirstors are worn,

Ve = BHAPING FIR® BRICK ON IEMERY WHEEL - Fire brick are ground to a specified
shape and size on a 2" x 24" Carborundum (Grit 16, Grade 1, Bond 6C) Wheel which re-
volves 900 RPI,, This wheel is almost completely enclosed by a hood which has & 4-
inch duct to & 24~inch motor-driven fan operating at 1750 RFPML, but this exhaust is
evidently inafequate as samples taken while rounding off the edges of & fire clay fur-
nace block had a dust concentration as high as 4,078,080 particles ten microns or
less in size per cubic foot of air, The general average was 2,001,658 particles per
cubic foot, All of these dust particles were slightly angular and slightly opaque in
appearance wnder the microscope and five microns or less in size, One man wearing
zorgles and a I5. S.A. Comfo respirator, with about 15 years service, spends an average
of about two days a month shaping fire brick and blocks on this wheel,

VI, - DISHANTLING IMASCHRY - Dismentling Masonry structures such as old boiler
and still setiings is a very dusty operation but was not included in this dust study

as tnere was no work of this type in progress at any of the plants at the time of our
survey.
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XI - WOODWORKING OPERATIONS

Woodworking operations, &s performed in connection with the refining of pe-
troleum products and associated activities, are used in the production of patterns,
box shooks, containers, end construction or maintenance work. These woodworking
operations produce more or less dust which is largely organic and although it may
have some spores and have an allergic effect on some individuals, it is not consider-
ed harmful., Mr. D. Harrington of the U, S,Bureau of Mines advises that the U, S, De-
partment of Lator in & recent bulletin indicate that workers breathing wood dust are
far more definitely afflicted with tuberculosis then the general run ol industrisld
workers. In large quantities, however, wood dust belongs in the "nuisance" class and
mey elso be an explosion hazard

A, = BOZSHOUR MANUFACTURE - All pine lumber used in the menufacture of box
shooks is "kiln-dried" and all gum lumber is "air-dried". Men work eight hours a
shift, five shifts = week,

() Resawing - Band saws, twenty-five feet four inches in circumference, re-
saw four-quarter and five-guarter lumber into S/S-inch and 1/2-inch shooks respece
tively. Samples taken during this resawing had an average dust concentration of
155,760 particles ten microns or less per cubic foot of air when sswing pine and
986,864 particles per cubic foot when sawing gum. These low counts indicate that
the exhaust and dust collecting system which has beer provided is functioning, This
exhaust system includes hoods over each sew with 8-inch duets to & belt driven fen
with five-foot tlades revolving 3500 RPM, About 60 of the dust particles in samples
teken while resawing pine were crystalline, rather glass-like in appeerance - prob-
ably resin - under the Konimeter microscope and over ten microns in size; 40% were
round with rough edges gray and opague, five microns or less in size., About 807% of
the dust particles from cutting gun lumber were round crystalline semi-opague in ap-
pearance, five microns or less in size; 20% were over five microns in size. Gun lum=
ber is resawed only about four deys a month.

(b) Ripsawing - Rip saws. 14 inches in dismeter cut ends from four-guerter
g lumber., An exhaust system has been provided with a hood over each sew and four
inch metal ducts to & belt-driven fan with six-foot blades revolving 3500 RPli, Semples
taken during this operation had an average dust concentration of 162,920 particles
ten microns or less per cubic foot of air, All of these particles were angular crys-
telline semi~opague in appearsnce wnder the Konimeter microscope and sbout three mi-
crons in size,

(¢) Cut-Off Sawing - Saw four-quarter lumber to make box ends. About 85% of
the time gum lumber is sawed,and 15% pine lumber is sawed., Samples taken while saw=
ing gum lumber had an averege dust concentration of 877,920 particles ten microns or
less per cubic foot of air, About 50% of these particles were round crystelline semi-
opeque, gray in color and from five to ten microns in size; 50% were slightly sngu=
lar crystalline in appesrance umder the Konimeter mieroscope and three microns or less
in size, There were also several very small black speckss The low dust count indi-
cates that either the particles were mostly over 30 microns in size and were thus
filtered out by the porcelain filter or that the exhaust system was effective,

(d) Planing ~ Pleners or double surfacers resurface the four=-quarter and five
cuerter lumber to give it the proper finish, There is an exhaust hood over each ma-
chine with an eight-inch metal duct to & beltedriven fan with six-foot blades revolve
ing 3500 RFM, Samples taken during the operation of planers or double surfacers hed
e zeneral average dust concentration of 509,760 perticles ten microms or less per
cubic foot of air when planing pine lumber and 415,360 particles per cubic foot when
piacing sgum lumber. Particles of dust produced while planing pine lumber were
crystelline rather round in appearence under the Korimeter microscope, about 75% were
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five microns or less in size; 25% were larger than two microns and rather opaque,
Dust particles from plening gum lumber were round opaque in appearance and one mi-
cron or less in size,

Dustiness of Shook Factory Alr - A series of five samples were teken at five
straetegic points to determine the average dust concentration of the factory air,
These samples gave an average concentration of only 141,600 dust particles ten miw-
crons or less per cubic foot of sir which indicates that either the major portion of
the dust is over 30 microms in size or that the ventilation system is proving effec-
tive. The latter is probably the more logicael explanation although the excellent
housekeeping is undoubtedly an important factor. About 98% of the dust particles in
the factory eair sesmples were slightly anguler crystalline in appearance under the
Konimeter microscope end about five microns or less in size; 2% were round, opegue
derk. grey.in color and two miecrons or.less in size,

B, = BELT SANDERS, SAND DISCS AND SPINDLES OR CYLINDERS ~ This eguipment is
used for "squaring up" and smoothing surfaces of wooden patterns, cleaning and
finishing barrel-heading and staves and general mill work in the Carpenter Shops.
Sanders are a notorious source of fine wood dusts, They are elso contamineted with
an appreciable amount of silica, if a sand-type of abrasive is used, consequently
either hoods for the machines or respirators for the men engaged in operating these
machines should be provided, We appreciate that it is rather difficult to properly
hood a sander to prevent the fine dust being carried around by the esbrasive member,
particularly disc sanderss Our attention has been called to & case where a msn en-
geged in the use of sanders suffered recurring respiratory illness and ultimately
death from pneumonis, His ‘attacks of illness seemed to correlate with extended
use of the sanders,

(e) Belt Sanders - An 8" x 28-1/2 ft, Belt Sander (Lightning Adalox Cloth
1-1/% - 40 X Grit Norton Abrasives) runs on an average of two hours per dey and is
used by eight different men with an everage service of fifteen years. Samples taken
while finishing #1 Pine lumber hed & dust concentration as high as 15,519,360 par-
ticles ten microns or less per cubic foot of amir and a general average of 3,443,712
particles per cubic foot. About 90% of these particles were angular crystalline in
appearance under the Konimeter microscope and five microns or less in size; 5% were
over five microns in size; 5% were opagque scale-like, ten microns or less in size,
There was no hood over this sander and the dust produced was thrown into the shop
air,

A 6 in, x 18 f't. Belt Sanding machine (73 Production Cloth Minnesota Mining
Company) rums on average fram four to six hours a week and is used by four different
men, with an average service of four years. This work was formerly done by hand on
& lathe with sand paper. Samples taken while finishing the outside of a barrel had
en average dust concentration of 481,440 particles ten microns or less per cubic
foot, These particles were largely angular crystalline in appearance under the Koni-
meter microscope., About 50% were five microns or less, and 50% were over five mi-
erons in size,

(b) Sand Discs or Wheels - These discs run from 40% to 60% of the time and
are usually used by everybody in the shop in which they are located., Samples taken
during the operation of sand discs or wheels had the following dust concentrations:
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No. Size Abresive Work Being Particles Per Charascteristics of Dust
(Die. ) Used Done Cubic Foot Particles (Sizes and Per=-
centages Estimated)
I ™ #24 Send Cleaning 604,160 Anguler crystalline
Paper Minn. | heads about 50% five microns
Mining Co, | Finished or less and 50% larger
Barrels than five microns.
II | 24" |#1-1/2 Gar-| Squaring 623,140 About B5% angular erys-
net Paper. Wood t2lline two microns
Minn, Min- | Pattern or less; 5% quartz-like
ing Co. rounded about 10 mi-
crons in size,
111 | 30" #40 Grit Smoothing 1,925,760 Abcut 907 angular crys-
on Bristol off Pate- telline three microns
Board. tern or less; 10% opaque
Gardner Ma- anguler one micron in
chine Co, size,
Iv | 3o #2 Garnet Squaring 3,624,960 About 98% semi-opague,
Net Beck, Wood Pate= send-like, one micron
Gardner tern or less, 2% opaque 5
Machine microns or over in
Co, size,

The sand disc in No, I was used in a well ventilated cebinet connected to a
48" motor driven fan by a 7-inch duct, The men wore goggles and "Comfo" respira-
tors. The sand wheels in No, II and Hc, III had hoods with about 3-1/2 inches
water suction connected to a 24" motor driven fan by 4=-inch ducts. The men wore
neither goggles nor respirators, The wheel in No. IV haed an exhaust hood with a 6

inch duct connected to & 24-inch duct which in turn was connected with a 36-inch mow
tor driven fan.

(¢) Send Spindles or Cylinders - Sand spindles or ecylinders are used on an
averege of about two hours per man per day. No hood or suction exhaust has been pro-
vided for this equipment., IMen using it do not wear goggles or respirators although

the dust particles produced are more angular in appearance than those produced by
sand discs or wheels.

Samples taken during the operation of Sand Spindles or Cylinders had the fol-
lowing dust concentrations: '

Gardner Machine
COQ

Core Boxes

Size Work Being Particles Per Characteristics of Dust
(Dia, ) | Abrasive Used Done Cubic Foot Particles (Sizes and
Percentage Estimated)
2 #Garnet Paper Cutting Inside 2,322,240 About 60% gquartz-like

in appearance, ten mi-
erons or over in size;
405 semi-opaque five
microns or less insize,
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DUST PRODUCED BY SAND SPINCLES OR CYLIMTERS (Concluded)

Size Work Being Perticles Per Characteristics of Dust
(Tie., ) | Abrasive Used Done Cubic TFoot Particles (Sizes end
Percentege Estimeted)

3-1/2" | #1-1/2 Garnet Putting 877,820 About 90% anguler crys-
Paper Minz, Teper on telline two mieroms in
Mizing Co. Pettern. size; 10% opague Dlive
microns or less in
size,

IAY NG WOODEN CRATES » Twe types of saws are used in prepering lucber for
ing erates for gesoline pumps eand tanks:

(e) Ban2 Saws - Samples teken during the operation of Bend Saw had a dust
concentretion of w,12n particles ten microns or less per cubic foot of mir, A1l of
these dust particles were round, opacue in appeerance under the Konimeter microscope

ans three microns or less in size.

(t) Reilroad Sews - Semples teker during the operetion of an 18" Reilroad
Saw hes & dust concentration of 3,964,800 particles ten micronms or less per cublce
foot of sir. A11 of these particles were round, greyishk opegue in appearance wmder
the Kornimezer nicroscope and gbout five microns or less in size. There were glso nu-
merous minute cgray specks toe smell fo count eccurately.

XII - ROCK EXCAVATION

Rock excevetion is usually e dust producing operation which is limited to con~
struction activities in the petroleum industry. T e hezardousness of rock excavation
depencés entirel; upon the neture of the rock being excavated, the length of exposure
ené the methods being followed, The principal sources of éust are rock drilling,
blasting, mucking and hendling of the rock, Of these, drilling probably produces the
greatest exmount of dust,

£y = DRILLITG - The pneumatic rock drill operates essentially as a crushing

device which shetiers the rock Lo & powder at the point of impact, According to
Theodore Haitch of the Hearvaeré School of Public Health (1% Y, Ind, Bull,Vol, 15, No,9 =
Sept, 1933) the particles of dust thus generated vary in size from one~guarter inch
or larger cown to sub-microscopic diasmeters. The dust is removed from +the drill hole
by & stream of eir or water or a combinetion of the two introduced through the hollow

rill steel, In the case of jack-hammer drilling e consideratle smownt of rock dust
ejected from the hole falls back to be crushed further before it is removed egain,
Quoting MNr, Hatch:

"The emount of dust produced by a rock drill is surprisingly
larze - a jack-hemmer, operating at the over-all rate of 100
feet of drilling per day, actually crushes more then 200 pounds
of rock in eight hours. Cf this, at least five per cent. is in
the form of particles smaller then ten microns; hence, more thean
fifty grams of dust smell enough to be air floated is generated
per foot drilled. In terms of numbers of particles the figures
are enormous - it hes been found that a jack hammer produces as
mucn s cne tillioxn particles of hygienic interest during one
rinute o operation”,
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B, = BLASTING = It is often said that blasting produces the greatest amount
of dust in rock~-excevation. This stetement is cortradicted by some amuthorities who
refer to the faet that the blast dislodges & great deel of dust from the rock sur-
faces deposited there fram esrlier drilling operetion in additior to thet actually
generateé by it, Under this condition blesting is undovbtelly followed by & hagher
dust concextration tharn in the cese when &ll the dust produced by drilling is cap-
tured snd coxveyed to a remote collector so that ornly that actually genersted by the
explosion escapes into the air,

wWrnile it is uncdoubtedly true thet if cdrilling is done dry, there will be de-
osition of some of the cust orn the surfaces of the excevaetion and leter be raised
lesting, however, dust flrom this source is min 1mlzec if grilling is dore wet,
the slushed out perticles tend teo forz egs ohe*a~es, wrich are nect 50 resfi=
¢ by the blesting OpereTioxn. Llsc. whexn good p*ac ice is Tollowel, the face
s are wet dowr with weter belore tlastixg, axc¢ in minipgz work, there is &

o]
s
€
ise
ce
contirzuous weter sprey thet is started onto the hee...inb before the blact tskes place
ontinued for some time sfter to help alley the dust andé to wet dowr the meteriel,
so thel cust raisec during mucking will be et 2 mizimum.

Ce = NTIEING - The amount of dust produced by mucking ané other rock-hendling
operetiors veries rreetly with the nature ol the operation. On open excavetior it
is proterliy of ftile importence, but in confined sources as in tunmmels ané nines
the dust concentration assoc*a‘ec with rock hencling mey reech dengerous levels,

D, « DUST CONTRCL - Methods for the control of cust in rock excevetion es
suggested by Mr. Hatch include:

(a) = Vet Drilling ené Wettirng Dowr Rock Wells znd liwck Piles = In generel it
mey be seid thet weter is less effective egeinst quartze-bearin ing rock ther egeinst
gsilice-lree meteriel suck &s lime-stone, The usefulness of water is limited when
Treecing temperatures ere enccuntered and it produces otjectionabtle working conditions
especielly for overhead drill operstors and is certeinly to be avoided if & pnmeu-
monie hezerd exists, 4 fundemental objection to the wet method is that the dust is
not rezoved Irom the scene of opera tion but simply supcressef near its source where
it reweins to be thrown into the sir by & subsequent disturbance such as blasting,.

(b) = General Venptiletion - The purpose of gereral ventilatior is to dilute
the dusty eir with sufficiert clean air to bring the concentratior dosn to & seiise
fectery level, Two precautions ere reguired:

1st, =~ the fresh air itself must be free from dust and

2nd, « it must be properly distributed through the work-
ings to insure maximum mixing with the dust laden
gir,

(¢) - Dust Exhaust Hoods on Drills and Cther Mucking Operations and Locel
Sources of pust -~ Effective dust control can be secured by means of a dust trap which
surrounds the drill steel at the rock surfece, The dust-laden eir is captured as it
emerges from the drill-hole by the inflow of clean eir into the trap, To be effec-
tive, the inlet velocities must be great enough to prevent the outward movement of
the dust and sufficient velocity must be maintained at all points within the trap to
prevent settling and clogging, The collected dust is conveyed by the eir-siream
through hose and piping to a suitatle dust separator in which the sir is freed from
ts cust load and thus is discharged from the epparatus as cleen sir. Traps of dif=
Terent designs are required with various drilling operstions and special supporting
Cevices are necessary to hold the trap in proper alipnment with the seversl operate
ing positions, (WOTE: The cust trep is setisfaciory wncer meny cornditions, but egein
uncer mery other conditions hes not proved seiisfectory. RSB)
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The dust dispersed during mucking, as well as thet arizizng from rock érille
ing, can be coztrolled by locel exheust ventiletion and reguires no elsborate ap-

paratus,

.

free eir provlces the weegrer wi:d D“ovec:io“ wh
-

prcperl} and is worn cortinuously in dusty atmospheres. [Respiretore

& legitimete place in the fielc of silicoesis conirol, evneci“l:y g1
tection egeinst infrecuent umnexpected dust cone entra**ons but cernnot be recomenied
s & sukstifute for dust conirol in continuous operations,
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PART III - MEASURES FOR REDUCTION OF THE DUST HAZARD

BCw CAN TEE DUST HATARD =
mirirized by the -employment of these
cel record“se

BZ RIDUCED? = The quentity of dust irheled mey be
our methods outlined by Dr. M Fumel ir "ljediw

on of Dust Near It's Orizin, by the use of exheust draught,
er. The water hes the advartege of a fly-psper effect on
T les, but the humidity crested temds to laver inlection by
prolonging the 1ife of pathrogenic organisms outside the body eand fecilitate
ing their ertrance inte the body.

1

"2, Aémixture of Adulierexnt Zust-with the silics which mey assist in
the expulsion of silice frox the lungs, retarc the process of the cdigesse
or trevexnt the develerment of tuberculosis, Eowever, the introduciicn of
ex acdditionel feoreigrn body into the lungs is of doubiiul velue Iraughi
with potentiel demger eni should be regerded very cautiously ani con-

servetively,

2. DTroper Ventiletion, in commection with other methods,

¢ en icesl preventive measure but, wmlortunately,

ving the dust &lso stop the respiretion, thus ne-
rt removal. They should be of exn approved type,

stricily supervised ani their use rigidly enforced.,"”

ok N

oy 0 l-"

-

~nE
-
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o net believe that the use of weier would heve eny outstending eflfecis on
reising the mmidity in most of the dust producing operstions in the Petrolew= In-
cdusiry, exy more than, for exsmple, sprirkling one's lawn would have, We believe it
rezeins To be proved beyond doubt thet the humidificetion of air actuelly fevors
tecteriological growth to the extent thet the incidence of disease from pethogenic

zisps is reised significantly. There hes been much discussion on this subject,
tut litile hes been proven. Theoreticelly, it mey be admitted that these organisms
live longer in & moist atmosphere thaer in & dry etmosphere, but it is rather hazerd-
ovs ressozing to conclude that for the reassons stated, the use of wet methoés in dust
conirol casuses an increase in diseese,

e

Or., Xuwrmel's stetement thet mos: mesks (we presume he means respirators) that
stop cust also stop respirations, is & little strong., There are availeble today
respirators that sdeguately remove cdust without creeting a resistence to breething
in excess of 15 to 30 millimeters of water colu=n, ané the terndency of progressive
zenulecturers of such devices is to further lower the resistance, MNen during the
war ectuelly did fighting while wesring respiratory protective devices that had as
much as 50 to 756 millimeters resistance. The resistance figures given for respira-
tors are measured at a rate of air flow of sbout three cubic feet = minute whick is
equivelent to the amount of air breathed by a person doing herd physicel works

Dust Respirators and Air Masks - Respirators and masks of vearious types have
been used since tihe days of the alchemists end are mentioned by Agricola, Ramazzini
end others, Cortrol of the dust hazerd by means of respiratory protective equip-
ment is effective, providead:

(1) the protective equipment is efficient, and
(2) it is worn coniinuously.
Ifflclent eguipment is eveilatle, but for contizuous uce, day sfter éey, thismethod
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of control cennct be depended upon to provide the first line of celense; i
spect it mey be likened to the use of personel immurizetion &s & primary s

efeguard
agairnst the spreed of typhoid fever, Dust respirators and air masks do, Lowever,
have & definite plece in the field of dust control, especially as en emergency
measure, as e meens of protection on infreguent dusty occupatiocns and as an adjumed

to other more fundiemental methods of prevention,

Reports mede to the Netionel Silicosis Cox fererce celled ty the Secrezary of
Lebor in Februery (1837) to svucy specific pheses ol the ci’*cosis pro:ziem anl rre-
sent sugzestions for its solutioxn, conteined meny recommendations Ty cuslified su-
th 0.-ul;§ or the subject which have been succes “u“; emploved uxder sctuel opereting
conditiens, Briefly surmerized measures for the conirol of dust ard ihe preveniion

s

of premceconicsis inclucde:

vyl

A, = DESIGK PLANT PCR DUST CCXTRI - Much can be sccomplishel :hrcugh Zesigz
wher new buildirgs ere contexzpleted or wher o0ld bulldings ere tc te remeieled, ¥
insterxce, siructurel projections end ledges ney be mininmized o prevent the sceiu-

-

letioz of fust thet might later be relessed into the atmosphere bty sir currents or

by bullding vitration caused bty trevelling cranes, vibreting mecziinery, e=i eguimment
thet heve lerge reciproceting parts. The ;ng;:eer_ng Committee receognized the fact
thet our present day eng‘nee.ing ené structural meteriels for ies co per-
mit elimiration of imnumereble ledges ard projections without pro e ing
ané roofing costs, Eowever, building interiors should be so contruct sed < v omey
be eesily cleened by washing, hosing, vecuum cleazing or Fr”snlnﬂ ceses
operations mey be loceted over gratings, benesth which eguipment 23 Jor re=
moving the materiels anéd dust that fell througn.

Bs = FRCVIDE BUILDING VENTILATICK - Neturel ventiletion should usuelly be
considered oxly en auguncv in removing or reducing dust in the sir, Ivex though it
is pessitle to heve high roofs in ome-story siructures which will zive the greetest
benefit from neturael ventilation, such methods cgnnot be relied upon to provide com-
plete protectlion in dusty operations, Where mechenical ventilating svstems are pro-
vicded, care shoulé be tekern to prevent strong drafts from open windows end doors de-
stroying the elffectiveness of the system. Guards and shields should te placed in the
vicinity of hooded ané partially enclosed processes to prevent such & coxndition.

Co = STIRZ DUSTY MATERIALS IX DUSI-TISET EINS - Dusty meierials should be
stored in dust-tizht bins, tanks, or enclosures, but each structure of this <ype
should be provided with a breather or vent steck -- perhaps wiih ex exheust fan in
the stack ~- fo permit the air displeced during loacing to be cerried outside the

bullding., Besements mey be used for storage purposes but should not be used for
dusty menufacturing operations,

D. - ENCLOSE MATERIAL HAWDLIKG EQUIFIEDT - Excessive dusi creeted by mechan-
ized meterial - handling equipment cen usually be corntrolled by provision of adeguate
housing and epplication of exhaust systems, Some materials cen be kept in a moist
condition while being handled, but when this is done, the material mey dry out ané be
dispersed into the eitmosphere as dust,

E, - ISOLAT= DUSTY PROCESSES - Where possible, several or all dusiy processes
may be isolated from the rest of the plant. This sometimes permits the installation
of a more compact exhaust system resulting in more efficient operstion sné lower main-
tenance cost,

F. = PROVIDE WET METHODS OF OPERATICK -~ Water, oil, and other liquids mey be

used effeantivelw.
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1. To suppress dust at the point of origin in such operations as
rock=-drilling; handling, pulverizing, and mllllng rock and orej
grinding metel on grindstones; abrasive-wheel cutting of
granite and sandstone.

2, To prevent the re-dispersiom of dust thet has settled on the
floors, wells, and other surfaces such as in the grenite indus-

try eané in foundries.

G. - DESIGH ZQUIFFENT TO CONTRCL DUST - When new machinery or other eguipment
is contemplated. the manufecturer can frequently be encouraged to include dust con-
trol festures suchk es exhaust hoods es an integral part of the cesign and counstruc=-

TI0.

E, - PRCVICZ DXZAUST SYSTHMS -~ In some operatiozms, exheust systems mey be
inzzellied o remove dusi at its poimt of origin, In mexmy ceses several smell systems
are preferetle To & larger syst Ary mechenicel ventiletior system should be de~
signed o mee: &% leest the pirpimum reguirerments of locel Stete lews or industriel
codes. or lecking such reguirements, should be installed accoriirg to the best ace
cepted preactice,

Dust Arresters - Provision of cdust arresters will prevent
hezerdous dusts from being circuleted inbto other paris of the
plext or intc the neighborhood., The location of dust erresters
is very importent, perticulerly if dry types of arresters are
usec, Provisior should be made for removel of the collected
dust without its escepe irnto the ares where the arrester is
loceated.

I, - LBTABLISH MAIXTERANCE AND GCOD HOUSZEIZPING PROCEDURE - Good housekeeping
is unquestio n&“lv <the cheapest single method of controlling dust., Msinterence goes
witk it hené in hand, The best eguipnent in the world will not control dust if su-
perintencents, foremen, ané workers are careless andé disorderly in their work., Eight
sugrestions ere advanced by the Corference Caxittee:

1. I cust~tight equipment is installeé it should be inspected at
regulaer and frequent intervals and all delects should be core
rected as soon as they are detected.

2. Operations should be performed in o menner thet will create the
minimwn emount of dust,

2, Use weter under pressure where possible to clean building in-
teriors.

4, I practiceble, combine water with air for clesning purposes.
411 cleaning should be done, if possible outside of working
hours and men engeged in this operatlon should be provided
with dust respirators.

5. Vacuum cleaning removes dust without dispersing it elsewhere,

€. Brushing is particularly adepteble for cleaning buildings of
the older type of consiruction,

7. Lovi-pressure steex can sometimes be used to advantage,
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8, 4 respomsitle person should be essigned the task of supervis-
ins meintenance and housekeeping sctivities, Among other
thinzs he shouléd meke iests “Zrom time to time to make sure
thet the Sust control progrem is achieving the desired re-
sults,
Je = FRAVISZ ESPIRAT The Conference Committee was of the wnenminous opine

be given primary comnsideration in sclving the sili-

ust elinmingtion nus

", lievertheless, when known methods of eliminatliorn are nct applicetle

respirators shkoulé be provided as "a last resort ani fer oc-

lv, Fotetion of personnel wmder these conditions is aéviserle,”
+gxes that there will elways be places where other methods

¢ ineffective, ané respiretors will e reguired 7

e will Tte situetions where respiretors wiil be the

<he workzern., The scope of goocd use of resrpi

siornel exposure, [he need of rotating perscuxe

Ry

<he type of werk dene :

0:
S5
[XNES e
LY 5?
Qi
1330
$5e
1
o

o R ]

3

®» O
3
Wy 0
ik
@

* U ok

[o]
i

0
el AL

PRI & S ( I o T (|

R TN X
Q
o

it
m
"
1
7
0
]
‘g
'
Q
1
(]
[$]
ot

T ee mavenr A
gty terond T

11

3
to
of
[o]

e
T and tre supervision given the workmen. In some opers
resrirators sre es much & pert of the workmean's equipment as his fools. ler?
€ < & person can weer & respirator for seversl hovrs
ere +“here thet weuld reguire & person To keep
en extended period of time., The common practice in th
gtiong is <that the person is intermititently exposed end
ities for =he periodic removel of the respiraztory protec-
. “he %wo zenersel types of respirators which the Commities considered
4

inst silice dust are:
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(&) Air-purifving respirstors thet filier out the dust particles.

(t) Supplied-eir respirators iz which cdust-free eir bresthed ty
the worker comes to him from ax uncontamineted outside source,
llest respiraior rmenufecturers heve submitted their detices for testing axd eporovel
ty the U, S.Zuresu ol Mines, ané only those which have been epproved should be used,

(&) Air-Purifving Types of Resvirstors - 07 the sir-purifying cless, the type
<

mesT commoniy used is the mechanical fililer respiretor for mechenically-genersted
dust. CThece respirators zive no protection from geses and vepors. They generalliy
consist of hal?l fecepieces to which are attached ean exhsust valve and & filtering
nedium that removes the ¢ust from the inheled &ir; some are equipped with a filter
mediwn that removes pzirnt mists and some Tumes. They are lizght in weight and inex-
ensive, Filter pads must be changed at certain intervals, depending on the concen-

P

tration of dust. Soxme types restrict the field of vision., The general reguirements
of & safe end suitsble Mechanical filter respirator are (1) adeguate protection, (2)
ressonstle comfort and convenience, (3) an accepteble service life period of protec-
tion, (4) eesy cleaning and sterilizetion, and (5) low cost o maintenance in good
serviceatle coxncdition.

Studies of mecherical filtration by fibrous materials made by such agencies as
the United States Bureau of Mines (U.S,Bur, of liines, Tech., Paper No, 394 (1928) and
U. S, Pub, Health 3ull.lio, 177 (1928)) ané the Harvard School of Public Heelth (Jowrn.
néust, Eyg. 9,26 (1827)) revealed that filtering efficiency varies with the perticle

size and the amount of solid purticulate matter reteined; also that the resistance to
gir flow veries with the amount of solid particulate matter retained and the rate of
gir flow, After all, the funderentel besis for judcing the suitability of a2 respi-

retor is vhether or not the amount of dust that is unretained or escapes through the
£ilter under conéitions of practicel use is below the amount that woulé be hermful
To Ttreathe, This is rnet relatzed <o any percentaze efficiency. In order o rmeet the

Zureau of (lines reguirements for approvel. & respiretar must sezisfectorily remove

EMCUL1S6¢E
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dusts of the following size characteristics:

9¢ per cent smeller thern 2.80 ricrons

95 " " ] . *' 80 n
Q0 1 n n " . 40 n
80 " n n n 1., 00 1
70 n 1" 1 Y . 85 1"
60 " n n 1 O' 72 i)
50 1 3] n \i O. 60 "
noted thet 80 per cenmt of the dust used in these epprovel tests is telow
(1/25,000%r of en inck) end 50 per cexnt is below 0.€ microns, Cexmisters
emove custs o *hese chearecteristics axni should not be used ass cusi recpi-
In order to ctiein the desired proitsction. it is essexntiel thet ke ‘ace-
pieces of the mecharicel-ilter respirators fit the face ol the workmer snugly but
wizh & mizimon of heed-tend tension, £ simple practicel fest, suggeszed Uy “Ceriton
Z, Zrown of =he V.H.Bureau of lines Ixperiment Stetion in Pittsburch, Fermsylvexnis
{Jour, Indust. Zyvg. Feb. 1827 Vol. 19, Ko, 2, p. 98}, the: anyone cen run %c deterrine
whether & respirestor facepiece is meking & Tight seel. is to weer it in & LI
censretion of cosgl dust, The time of the test cexn be shortened by blowin: & sitream
2 gir conteining e high concentration of cosl dust around the edges of the fece-

riece, The location end aprroximefe megnitude of the leeks are shown by stresks of

MET om

the pert ol the face covered by ithe fecepiece. Another test, accoriing
consists of plugzing the intekes of the respirstor end then atlezpiing

. =
tc irrale, This type of tesi could well be suprlemented by the Coal dust test.

; Surplied Air Respir uor= - Indust rlal processes such as preumatic drilling,ebe

Te tlasting end sprey coeting heve irntroduced stmospheric conditions for whkich
irepurifving 4ype of resplrators ere rot particulerly suiteble. Ceritzin kirds
exnetic &rilling sre responsibvle for dust cencentrations so high that they would

Ir overloeZ a dust respirator, The operstor of en ebrazsive blessting outrit

pe protected not orly egeinst the inkelstion of &ir comtsining kigh concentra~

s of cust, but also ageinst impasct end ebrasion of the head and shoulder by the

vnéin - stresive andé loosened sbraded meterial, Sprey costing is resporsitle fre-
or pollution of the surrounding simosphere by =z combinetion of particulete

ists thet are liguid particles .or e combinetion of solid end liguid par-

ticles; anc harmful vepors resuliing from the eveporation of the liquid vehicle of

the costing used in the spray gun,

Since these operations are carried out freguently in isolated places &nd at
different locations &t veriou: “imes, they do not lend themselves alweys to general
control meessures, Therefore, supplied sir respiretors perform 2 definite service,

The types in generel use are those comonly known &s hose mesks, air-line respirators,
end ebresive blasting respirators such 5 sand blest masks, helmets, and hoods.

Supplied~air respirators have the following advantages for routine non-emer-
gency use over those of the air-purifying respirators such as gas masks, mechenicel-
Tilter respirators and the combination of zas mask with a mechenicel filter:

1. NO resistence to inhelation,

2. Freedor from inward leakage of contamineted mir.

8. Protection ageinst 2ll kinds of conteminants and even areinst at-

zospreres deficiert in oxygen which will mnot poison or irritete
trhe skin,
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4, The Inflowing eir reduces excessive perspiration and tends

-l ——

to cool the face,

5. Vhexn a hend-operssed hlower is used a second person is alveys
resens, . (With an epproved nask, provided the faceplece is
tight. the weerer can irhale enough air through the hose to es-
cape if the blower shoulé stop).

The fir-line Zespirstor comsists of & tight-Titting Taceplece, & loosely i
ting feceplece or ever & helmet or hood covering the head anc extendiinz cdown over ih
neck or shoulders, The air suprlied to these resp s been lerg
talined from the coxpressed sir source used in th £ the wo
sexd tlesting, paeuxatic drilling and spray peinti r is freg
teminsted witk otjecticnatle end, ir some insdances, hermful substanves
extent, can te resoveld by meens ¢f elr-purifying eppurtensnces, In cdis
pirasory Froteciive Devices" in <he Februsry (1237) issue of the Jourzns
trigl Zygiene eni Toxicology, lir, C, E, Zrowz of the United Stetes Zureeu of liinzes

wrotes

"Usizg sir from the ordinery compressed eir system found in indussry
fo supply respiretors is not to be indiscriminately recormended, These
compressec gir systems ere usuglly of the high pressure, internelly lu-
triceted, reciprocating-compressor type. The air supplied by these
svstems is contexmirneted freguently with malodorous comstituents such
as vapors. mists end producis of cecazpositicn of the compressor lu=
tricent, siugs of water, end rust from the pipe line. All or most of
these centeninents cer be removel protetly by some of the commercisl
eir purifiers solé for this purpose. A pressure-reducing mechserism
should be used also in the line *o prevent any possibility of sudden
eccidertel blests of high-pressurs air from injuring the lunzs of the
wearer of the respirator, With & compressor of this type there is alwsys
the possitility, however rare it may be in well-kept systems, of the
generation ol cerbon nmonoxide due to overheating cf the compressor lu-
tricent (Jour., Indus<.Zyg. 18,461 (1938)), This denger can be minimized or
eliminsted by the use of tempereture controls or carbon monoxide alerms
or the compressor which, of course, should be so meintained as to pre-
vent the generation of cartorn monoxide,

"The %rené in suprlied-eir respiretors is to use specisl low-pressure,
externslly lubricated, positive-pressure eir-supply devices. MNost of
the otjections to the high-pressure reciproceting-type compressor do
not apply to en air-supply of this kind, Since these devices are not
common in industiry, however. it is usuelly necessary to purchase a
special one for use with the respirator, Since air purifiers, pres-
sure-reducing mechenisms, and speciel compressor-control or alarm ne-
chanisns are not necessary, the price of this respirator complete with
eir-supply device should not exceed thet of the other type of respira-
tor without the esir suprly system '

"The use of & speciel air-conditioning unit to regulete the tempera-
ture and humidity o the air supplied to the respirator wearer is de-
sirable, "

The minimum ai
iretory needs gt

i

r supply for 2 respirator designed to use all the air for res=
high degree of efficiency is generally egreed among Industrial
least four to six times the air bresthed per minute, 4s &

iretors with loese-2itzing Zmcepleces. hooiz. or helme=s recuire

ot
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rore eir then those with tight fitting fecepieces.

There is some difference of opinion emong users of respirators as to whether
or not adijustments should be provided whereby the wearer cen very the flow of air to
meet vari;tions in kis reguiremerts. It wes the opinion of the Retionel Silicosis
Conference Camzittee that definite recommendetions for all situetions cannot be
mede, but for mary situations, anc particulerly where tight~-litting facepieces sre
used, ax aéjustatle flow is desirsble and mey even be necessary; &lso, most workmen
cer leern 4o acdjust the air properly, On the other hend fixed-flow procedures re-
guire & niniwmwr smount of instruction ani supervision and are the most concucive to
éafety wnder a1l conditions,

Wrile Zose Mesks end Air-Line Respirsiors have nany deliznite sdvantages the
eres of zrevel of the weerer 'Is lirfited to the lengtk of tne hose, ant nmovemenis gre
ne-diceppel to some extent by the hose, Mexnifestly, the sir lor the hose end the

ad
mesk should be fresh and pure, but unfortunmetely this is not aliways so.

frresive Tlesting Fesvirstor - Abresive tlasting respirstors cozsist essen-
zielly of & rood, with windows, thet fits loosely over the heel and shoulders end
desizned <o withscenmé snd protect the weerer's head, neck ané shoulders from ebra-
siozn Tty the rebounding of perticles of send or grit; end s supply of fresh eir, at
leest six cubtic feet per minute, tlown inte the hood, Cnly equimment which has rmet
the Trniteé States Bureau of lMines test reguirements and which is approved by the
Medicel end Sefevy Deparitments should be used,

(¢) Aiccepiexmce ané Use of Personal Respirstory Protectior by Workmen - As siated

3]
[sa¢]

in & peper by G M. Finte and E. C, Fowler of the United Sietes Buremu of MNires
(Z.C.ES1E Xo,v1836) presented at the Internstionsl Petrolewr Exposition and Congress,
Tuise, CTkilshome, Mey 21 1938, selecting respiratory protective equipmernt is simple

cozpered with getting men to wear it after it is supplied, Generally workmen will
weer mesks reedily in places where they heve seen others asphyxiasted, or in some
sizilsr trouble, but they sre likely to resist wearing protective eguipment where
the dust cexnot be seen or where the fumes ané mist have no otjectionadle odor.
There ere three mein reesons for such resisteance:

Pirst, inbred otjection to ary new ides;

Second, the feeling that the individual is a superman and
cen "take it" without protection; and,

Third, the inconvenience of weering the equipment.

In & survey conducted among the employees of the Colgate-Pelmolive-~Peet Com-
peay by Mr., F. H, Wallner of that Company's Insurence Department, it was found that
the men didn't like the disfiguring appesrance of a "muzzle" over their faces, This
survey also disclosed that some workers objected to the respirator because they
thought it mede breathing difficult when the real trouble was that they were not
breathing correctly. Breathing through & respirator should be done deeply and slow=

ly and after the proper habit has been acquired much discaomfort may be eliminsted,
Quoting Mr. Wallner:

"Foremen should appreciate that the position of the straps that
hold the respirator in place has much to do with camfort. They should
learn vwhether the straps should be worr over the head or around the

neck, Some types have two straps, one to be worn eround the neck, the
other eroundé the head,"

Prodetly the most effective plen % s first to"sell"
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the supervising personnel who in turn should "sell" the worker by educetion, possibly
accompanied by strict eand feir supervision and discipline. Employees exposed to cdust
hezards reguiring the wearing of respiretors should be convinced that it is essentiel
to sacrifice some comfort and digrity to avoid serious ceses of disability and suffer-
inz, Zvery worker should have his own respiretor. I reqﬂire= time and effort to
eéjust this trotective device so it ¢ c*s the face snugly with & ninimum of heed-
bans tenzionm, It cannot be expected tn t he everaze workman will readjust a éif-
ferent resvirator each day, Also, the psvcholorlca1 effect of using a respirator
worn previously by encther workmen is nov unimportant., Although he mey not ssy anye
etout i%t, it is neturelly revol<ing to most men's principles of bodily sexnia
< to heve to clamp over nis face e Cevice the* hes been soahec with sweet erd
g¢irt of erother man's face end irto wh;ch one or more mer heve breathed deyr efter

! It is too much like usirng the other fellow's tooth brusn. The best practice
mark every respiretor so each 'orkman cer iden<iiy his own
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(¢) Tse, lsintensnce and Care of Respirstors - Personel respiratory
Tices rmust e meinteined in & condiftiox substentially the same as when
the memufecturer, Depending on the dexnsity of the dust repleceeble 7%
be chenzed Irecuently <o p*e"ent their becoming clogged and usuelliy it
tc use & respiretor without e facelet, However, if they are considered nec
the facelets shoulé be chenged often to avoid skin irritetiorn. £ clear fec
the respirator & cleen sppeerance and removes one orjection to wearing it
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The Colgate=ralmolive-Peet Compeny found thet the hebit of some workers of
reroving their respirstors at intervels ceused skin irritation, Everytime they dicd
is, dust seitled oxn the surfeces that lay next to the worker!s frce and 1rritatzng
perticles were transferred to the skiz when the device was replaced. It is, there-
fore, bpest to have the employee weer Vis resvlra‘or constantly while uncer exposure,
Ir some ceses, oiniments or petroleun jelly has helped to overcame the irrifetirg ef
fect of points thet contact the skin.

Wiere & ceorsidereble number of respirstors are used, it is good practice to
heve & "Respirator Room" with an attendant who issues the respirators end cleans,
sterilizes snéd otherwise keeps them in good condition., Respirators mey be clesnsed
by washing end Trushing them with an entisepiic soap sné warm water. They should be
checkeZ for demeged or improperly funciioning perts such a&s rutber velve seats and
heeé-bencds, I defective, these should be replaced by new parts,-

WZiT METICAL CONTRCL SHOULD BT EXERCISTD IN gg; ELZCTICY AND STFPERVISICL CF
MEL OMCREINS LD DUSTY JCES? - It is essentiel that adequate medical control be ex
erc*sed. Sucn conirol should include the examinefion, prior to initiel working on
dusty Jjobs of the worker to imsure that he is a suiteble physical subject., This exe
emination should preferebly include X-rey examinetion of the lungs which permits
closer control with subsequent X-ray tests es well as being a protection to the em-
ployer in the event of anmy later legal action.

A worker, to be classed as physically suitable, should be in addition, dee
termined to be a nose-breather rather than e mouth-breather and the natural filter-
ing capacity of the hose should be found to be satisfactory. G. Lehmann (J, Ind. Hyg.
17,37 - 1935) indicates that the "Silicotic susceptibility of workers with poor na-
sal filtretiorn is much greater than that of men with good nesel filters"., He ad-
vises *hat jobs with a silicosis hazard be held orly by men with good nasal filters"
and that mouth orea thers are an especially bad risk. He suggests that the "dust re-
teaining cepecity of the nose be used as an index of the 1nd1v;aua1*s quelification
for wowklrs in & 511100315 producing atmosphere”, It is possible that Sternsteints
technigue for meesuring naesal resistance ("Tncusurial Dusts - p.65) could be develop=-
ed into & simrle procedure for selecting men test edapted to dust exposure,

Lecoriing o Drinker and Eeich (MInusiriel Dust" p.32) it is wise to select
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for dusty jots men who are past the age of 40 and not yowmg men just taking up a
treade,

£11 workers engeped in hermful dusty operations shouléd be periodically thor-
oughly re-examined, including X-ray tests. Particular emphasis should be placed on
any indicetion of shortness of treath and chest pains

Regulaetions should be enforced concerning the time limitation of work of eany
ecployvees involved in & dust producing operation. Such Compeny reguletions concern-
ing senétlasting celling for e fixed six-month mexirmur period oz suck viork, efter
hich & minimum sixemonth period away from dust producing work should be followed
nore closely,

Tor protectiorn from & legal uxmzle, the worker should ‘e gives e finel thore
g &

agh exexiretion including Xe-rey before being permenertiy itrsnslerred ¢ sane other

vpe of work, leid off or ulsch&rged.

CONCLUSION
There is still a tremendous amount to be learmed sbout preumoconiosis end
ust-producing operations. One thing, however, is certain -there is a very definite
tendemey To reguire compensetion for indusirial or occupstionel diseeses. I these
compensetion costs are to be kept to & rinimuer and the heelth end sefety of workman

.« s

o
fl"tn

~
oI ed it will be necessery to meke further studies and to Dromv*Tb
edept efeguate precsutionery meesures, lMany of these are now in effect, the others
shoulé be put in force es soom as possible, After yesrs of study ané direct contact

c
ere -3-0 he TroT
€

with <he Dust Froblem, Vr, Dan Earrington, Chief, Heslth and Selety Breanch, United
Stetes Zureeu of lMines, has came to this conclusior (Zmg. & Liin, Jour, March 1837
Prs, 116-21; witk which we sre heartily in accord

-

-n tkhe meze of uncertainties comnected with elmost &1l pheses of
the ceusetion and disgnosis of dust disease, about the only really

e’l-ce*e rmived fact evailsble is thet breething lerge quentities of
cust {or possitly of certain dust) over extended periods is likely
under some concitions to be hermful to heelth end thet subseguent al-
levigtion or cure is cifficult or impossible., Therefore, it would
seex to be logicel to try to prevent dust formetion thus preventing
it from harm‘n& workers through respiretion or otherwise, Here is =
reel Job for the engineer, and little or no help can be expected in
these vitel Numctions from any agency except the engineers and operet-
ing officiels,

“"The most hermful of the oriinery dusts to breath is probably
silica dust, but, on the other hand, not even free silics, supposed-
ly the most detrimental of the silica dusts, is harmful unless it is

reathed, in considerable quantities and over extended periods. T¥o
huren being ever lived any considerable time on this earth of ours
without breathing silica dust (free silica dust), yet by no meens all

I the people of the world have or have had silicosis. In other words,
the quantity of dust taken into the respiratory organs is a controll-
ing fector in dust respiratory harmfulness,

"One cormon-sense answer is that any etmosphere in which dust is
visible to the naked eye is cer‘a1.1y too dusty to be breathed with
sefety by humen beings, enéd the wise, farsighted, humen emplover will
immedietely stert to decreese the dust content in any eimosphere where

o

uet is visitle, After he res elimineted visible cdust. there mey
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s5till remain enough very small invisible dust to cause harm to the

health of those who breath #t, but in any event if he has exerted suf-
ficient well~directed effort to remove the visikle cdust it is certain
+hat much of the smaller invisitle, and probably most hermful dust has

also beern removed,

"Kani*estly. if dust is kept out of the eir breathed bty workers,

the latt

In closing, we acknowledge with gratitude the support and coop=rat1 el
Dr, W. J. Denno, Generel Medical Director, Standaré 0il Compeny (New Jersey) w
and active interest in MNedico-Safety problems mede this Dust Study po

ter cannot succumb to dust disease of a respiratory character,"
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