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FOREWORD

Because it is the duty of industry to protect its employees
and because no comprehensive survey of the hazards incidert to oc-
cupational dust problems had yet beex mede, it was felt that here
was an opportunity to rezder a serivce to the petrolewm dindusiry
and its employees by making suck e survey,

I+ is hoped that the informatior presented in this bulletin
will assistinfirnding proper exswers to'scme of the many gquestions
whick have reoently ariser corceraning the health hazards of employ=
ees whose work involves exposure to dusts of various origin.

An attempt has been made to consolidete opinlons from the
most experienced students of occupational-dust protlems to show the
relative harards of dusts end the duretion of exposure which may
prove harnful to the worker.

Purthermore, & study of the prevelence of dust perticles oo-
curring in various operations in the petroleum industry has been
made and included in this report; alsc a description of <the pro-
tective devices and equipment provided for the protection of <the
worknen.

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

The study confirms an opirnion that dusty occupations, thor-
oughly understood and intelligently handled should result 3in no

gerious disability.

Willard J. Denno, M. D.
General Medical Director
Standard 0il Company (N.J.)
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STANDARD OIL COMPANY
{Incorporated in New Jersey )
30 Rockefeller Plaza
New Yok, N. Y.

MEDICO - SAFETY MEMORANDUM

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

~ INTECOUCTICH - Larg looked upar ms ‘dbjectionable, dust todey is elso recogmiz-
ed a5 dengerous - especielly with regard £o occupetio=eal disease (Pneumoccniosis) end
dust explosions, 3Jince the dust encountered in the production of Petrolewm products
encd associated operetions are non-explosive umder ordinary working conditiozs, no .
further attentioz will be devoted to this phase of the dust hazard,

Studies have revealed that the time element (exposure) end the concexzirztion
ané size of the dust particles are major fectors in producing health hezerds. Zere-
tofore ¢ifficulty hes been encowntered in deterrianing actuadl dust concerntrations and
gizes of the perticles, but recently developed instruments such as the Zeiss Koni-
me<er enc the Bausch & Loamb Dust Counter meke it possible to obtein dust coumts and
estinete size of dust particles whioh, while not absolutely accurate, are indicative
of the custiness of the eree,

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

In the report of the Prevexntive Engineering Cammittee of the Air Bygiene
Foundation, Professor Philip Drinker of Harvard, chairman, and other technical
specialists on the Commitiee write:

"If the breathing of dust causes disaebility of amy sort - silicosis is
only one manifestation =« then it follows that there must be some degree of air
cleanliness from which no disability will result to the average man during the
average working perilod, )

MThere is no satisfactory medical answer at present to this guestion, but
the epgineer is meking a bad mistake if he lets men breathe heavy dust concen-
trations of eany material, If no other reason for dust control can be found,
then one should read transcripts of some of the recent suits at common law in
which fantastioc damages for alleged silicosis were granted to men who breathed
dust containing little or no silice. The Courts and Compensation boards are
not impressed with subtle distinotions beiween dusts with 10% and 40% quartz,
oespecially when medical experts are reluctant to make definite statements as
to the comparative significance of such differences.

"It would be well to realize that men working in dusty trades suffer far
more {rom respiratory troubles of all kinds then do men who work in clean eir,
The evidence that excessive dustiness of ary kind is harmful is beyond argu-
ment",
EM001491
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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 trades has been receiving coasiderable attention from students of
industrial hygiene for a number of years, the seriousness of this problem was not
fully realized until it was brought sharply to our atteation by the constantly growe
ing cowmtry-wide wave of lawsuits instituted in behalf of the victims in our oammon
law courts, by the magnitude of the gemerous verdicts awarded by the juries and by a
recent decision of the Federal Circult Court reversing the substartial award of a
jury in a New Jersey case (Peansylvania Pulverizing Company vs. Eldred G. Butler),
Owiang to these develomments, the problem camnot be ignared or brushed aside as merely
anotiier form of "racketeerirg" by unscrupulous lawyers and conspiring doctors. Dodging
4he issue camot provide the needed solution because evez the most unscrupulous
lawyers cannotcreate a pathologic lung at will ené, {urthermore, oven the most skep-
tic of coroners frequently finds himsell corroborating a diagrosis by his postmortem
examination, Enlightened industrialists and the medical profession as well as the-
bench andé bar, have caome to the realization that exposure to certein kinds of dust,
such as those containing considerable amoumts of quartz (silica), has increased the
uczhealthy bodily condition and death rate from respiratory diseases; wrile metallic
dusts, such as lead and its carpounds, have been associated with general systexio
poisoning of workers. "Silicosis" is now a definitely recogrized disease which is
destined to become one of the foremost and most serious of occupational diseases of
the future because the mumber of workers in dusty trades is larger than almost any
other group exposed to a single known industriel hazerd. The McCaffrey Act, which
became effective September 1, 1935, amending the New York Cormpensation Lew, ircluded
silicosis as an occupational disease subject to compensation.

Sixteen states, as well as those of the Federal Goverszment and of Hawaii,
Puerto Rico, and the Fhilippine Islands (U,S.Dept, of Labor Bull,No,625,Bur, Labor Sta-
tistics), have Workmen's Compensation Acts which include compezsation for occupational
diseases, either expressly or by Judiclal interpretation, or specific occupational
disease scts,

II - WEAT IS MEANT BY "DUSI"? « According to Webster's Unabridged Dictionary,
"Dust" may be defined as fine, dry particles of earth or other metiter so comminuted
that they may be raised and wafted by the wind; that which is crumbled to minute
portions; fine powder. As pointed out by Philip Drinker in a paper read befare the
Chenical Section of the National Safety Congress (held inm Atlantic City, October,
1936), dusts include gll types of dry earthy particles small enough to be blownabout
by ordinary air currents. Dust suspensions may be gemerated as the result of grind~
ing blasting, or camzinuting process; or they may result from the handling of finee
ly divided materials 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" wlile the range in size of dust particles extends from the
sub-microscopic to small sand grains. IMr. D. Harrington, Chief Health and Safety
Braunch, U, S.Bureau of Mines advises that dust as applied to health and respiratory
conditions may be wet as well as dry. Under socme 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 smount of entrapped solid material which undoubtedly is wet
rather than dry, yet it remains in the air sufficiently long in same instances at
least to be breathed by the workers to contribute to possible health troudle. The
size of dust of importance from a hygienic standpoint are those under ten microns,
Ia fact, the sizes found in industrial atmospheres are under two microns for the
larger majority of particles, say 90 to 95 per cent, PFhysiologically, there are al-
most as many different classifications of dust as there are authors on the subject.
However, according to Professor Drinker ("Dus%t, Fumes and Smoke"., Internatioral La=
bor Office, Occupation =nd Bealth 7ol.1l, 930, P,603) all of these classifications
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are without much precticel importance, since indaily practice in industry the harmful
effect is exercised more frequently by dusts mostly of mixed origin. Besides, what is
most important is the physical and chemicel canstitution of the dusts and consequent-
1y their action on the system,

ITI - WHAT 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 nasel filters and be retained in the alveoli (minute air sacs) of the
lungs, Particles found in autopsied lungs are of the order of one micron (a micron
15 '1/1000 of & millimeter or about 1/25,000 of an inch) or less in size = about the
size of the common bacteria, Some dust particles found in lungs are as large as
five or six microns although these sizes are rather exseptioral.

There a.ré five distinet types of reaction produced in man as the result of intsl-
ing dust, These reactions may be broadly classified, based onthe primarycause, as
follows: :

(a) Those which result in lung fibrosis, commonly referred to as pneum
mocoriosis, - These dusts contain free silica, asbestos, etc, 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 inmto the blood stream such
as lead, cadnmium, etc,

(c) Those which result in what is commonly referred to as metal fume
fever: such as zinc oxlde, etec, .

(d) Those which are allergic in character, such orgario dusts as pollen,
pulverized wood and flour, eto, The breathing of pulverized wood
and flour is frequently assocliated with tuberculosis.

(e) Those commonly referred to as "nuisance dusts". These may cause ir-
ritation of the respiratory tract or passages and may cause con-
siderable discamfort, also headaches of the dry "nasal" passege or
sinus type and exposure to them msy be essociated with & high ine
cidence of respiratory illness.

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

Owing to the length of time required to obtain a reaction by inhalation meth-
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
into the peritoneal cavity of guinea pigs, ("Response of Peritoneal Tissue of Dusts
Introduced as Foreign Bodies" by Dr. John W, Miller, Dr. R.R.Sayers and Wm, ®, Yant,
Jour, Amer, Med, Assoc. Sept. 22,1934 - Vol,103,pps, 907-911). It was found that iden-
tical reactions ocour in each animsl injected with the same dust under the same con-
ditions and examined in the same time interval after injection. These reactions were
essentially the same microscopically as that produced in the lungs and the gross ap-
pearance of the dust nodules was sufficiently differentiated to afford a means of
classifying the physiological response tothe dusts, There are three types of reaction:

An absorption or dissolution of the dust,
A proliferative reaction.
An ipert reaction,
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In the inert reaction, the dust neither caused an increase in the size of the nodules
nor disappesred from the tissues; instead there was more or less a change in its dis-
tribution. Soapstone, carborundum (Silicon Carbide), jeweler's rouge (Ferric Oxide),
anthracite coal, bitumimous coal and certain filter oclays have inert reactions. Cal-
cite, limestone, precipiteted caloium carbonate, gypsum, and Portland Cement exhibit-
ed en ebsorption reaction., Quartez, chat, certain filter clays and flint produced a
proliferative reaction, ‘ N

sThe physiological response to the injected dusts were found sufficiently well
marked in 90 days to determine the type of reaction, particularly where the reaction
was one of absorption or proliferation. Since the reaction elicited by dust was
oconstant and uniform in all of the animals injeoted with the dust, it is believed
that this response of peritoneal tissue to various dusts can be used as a test to de-
termine the possible harmfulness of industrial dusts.

The fidrosis-producing properties of a Georgia filter clay (30-60 mesh grade)
a sample of Americen contact clay and a Germsn 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 scame part of dust in the lBO~day tests. The German contact clay caused
the formation of light yellowish-brown nodules and as the intervel between the ine
Jection and the examination inoressed the nodules became somewhat flattened, but the
aemount of dust and the approximate size of the nodule remained the seme throughout
the entire period (90-days) of the test. This can be considered an inert reaction;
but as the dust does not disappear from the peritoneum it should be considered as po=
tentially harmful though not as dangerous as pure silica.

In commenting on the results of the-tests with the Georgia filter clay and the
American contact olay, 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 appeararce of the lesions was the most prominent, The modification of the reac- .
tion in the filter clay oan be attributed to the presence of 5«10 per cent, quartz
(Petrographic), Gypsum in the American contact clay may account for the slight abe
sorptive reaction., Doctor Sayers edvises that an lnert dust, if breathed in suffi-
cient concentration, may 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. B80-89, '

The inhalation of dust gives rise to "Pneumoconiosis™ a term derived from the
Greek pneumon, lungs and konis, dust, and used to designate a pathologiocal condition
of the lungs caused by the inhalation of anmy dust, It includes SILICOSIS, a chronio
disease of the lungs caused by the inhalation of minute particles of free silioca
(S102) dust which produces a permanent incapacitating alteration of the lung tissue;
ANTHRACOSIS, the black lung of the miner due to ooal dust; ANTHRACO=-SILICOSIS, the
newest of our minerasl dust affections and introduced by the United States Publio
Health Service as & result of their studies in the Anthramocite District of Pennsyl-
vania, This affection is the result of breathing anthracite coal dust that comtains
g8ilice. The common neme for the affection is "Miners! Asthma™; CHALICOSIS, the
gray=black lung of the stone-outter 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 PNEUMONOULTRAMICROSCOPICSILICOVOL~
CANOKONIOSIS, a special form of silioosis caused by ultra-microsoopic particles of .
siliceous volcenic dust., Silicosis, Asbestosis, and Silico-Anthracosis are the only
three forms of pneumoconiosis which require practicel attention.
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While the type of pulmonary lesion depends on the particular dust inhaled, the
underlying pathological principle is the same in all forms of the disease, namely, an
ultimate fibrosis and replacement of the elastic lumg tissue by e hard wmyielding fi-
brous tissue. All occupations that expose men to large amounts of dust may give rise
to pneumoconiosis but not necessarily to silicosis. It is now generally agreed that
in order to produce the latter, (silicosis) inhaled silica dust must reach the lungs
in a chemically uncombined condition, in very fine particles not more than ten mi-
crons (10/25,000 inch) in diameter and in sufficient amount and over & sufficiently
long period of time, In relatively recent literature it appears that the proponents
of the iden that only "free silica" is harmful are beginning to have some doubts and
to have the thought that possibly some silicates may under some conditions be herm-
ful., Generally speaking, the necessary length of exposure to produce silicosis is in
direct proportion to the size of the dust particles eand inverse proportion to the
dust concentration and the amount of free silica in the dust. 8ilicosis is char- .
acterized anatomically by & generalired fibrosis of the lungs and clinicelly by shori-
ness of breath, deoreased chest expansion and a progressively lessened capacity for
work which is out of proportion to the objective physioal 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 amount of inhelation, Silicosis may develop to the
point of causing symptoms only after several years exposure to silicious dust, but 3t - .
may be progressive in some cases even after exposure has ceased and may cause symp- .
toms or become disabling long efter the workman has left the environment that caused
the condition, Some may improve or at least remein statlonary in the absence of in-
fection., Watkins-Pitechford (J,Ind, Hyg.9,109 ~ 1927) tells of Welsh miners who passed
the physical examination for enlistment in the British Army, fought through the World
War, then ceme back to England, end died of silioosis, Unfortunately, it is mnot
stated whether these persons died from silicosis complicated with tuberculosis. Brit-
ton and Head (J.Am,Med,Assoc, 96, 1928 ~ 1931) give more detailed descriptions of
sizilar latent cases in the United States.

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

as

"A ohronic disease due to the breathing of air containing silica
(5102), characterized anatomically by gemeralized fibrotic changes
and miliary nodules in both lungs, and clinieally by shortmess of
breath, decreased chest expansion, lessened capacity for work, ab-
sence of fever, increased susceptibility to tuberculosis (some of
all of which may be present), and by characteristic roentgenolo-
gical findings,"

In other words, silicosls i1s a disease of the lungs in which the normal lung
tissue is replaced by scar tlssue due to breathing air conteining silica dust, Un~
fortunately there is no known cure for silicosis - but SILICOSIS and nearly all
other forms of dust diseases CAN BE PREVENTED,

Recognizing the wide interest and even hysteria emong apprehensive employers
against whom claims had 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 workcrs, employers, State send Federal Agencies, Inmsursnce companies, and
other interested groups. Four Cammittees were organized to study specific phases of
the silicosis protlem; and assemble the essemtial facts about silicosis in & series
of reports; also to present specific suggestions for silicosis prevention and
straighten out other difficulties that silicosis has created. Reports msde by these

Comnittees were formally acopted at a second conference held February 2nd and 3rd
1937 in Washington, from which we quote:
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"While a few persons may still be of the opinion that such workers" -
(Workers having silicosis) "are 'through' and docmed to an early death, every
study conducted thus far confirms the fact that the great majority of these
men will not necessarily progress fram bad to worse. Perheps it may be wise
to transfer some workers to other employment, but many may be continued at
their regular occupations il known methods are applied to control the dust
and if special care is employed to prevent the development of tuberculosis,
pneumonie ernd other lung complications”,

"Contrary to popular belief, silicosis is slow to develop, Usually it takes
geven years or more of exposure to silica dust for a worker to contract the
disease. It ig said that a few cases have been known to develop in as short
a period as 1-1/2 years, but these were under extreme and wnusual canditions,
On the other hand, manmy workers have labored under ordinary exposures to
gilica for more than 30 years without demonstrating any trouble whatever that
oo6uld 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
("Industriel Dust" - 1936). In the first stage, the disease produces no diability,
The victim car work just as well as ever, - In the second stage, his respiration is
affected; he is bothered by dyspnea or labored breathing., In the thirc stage dys-
pnea becomes severe and he is likely to contract pulmonsry tuberculosis, generally
with fatal results, Whether he contracts tuberculosis or not, the advanced sili-
cotic is far below normal and is very susceptible to all respiratory diseases,

These three stages of silicosis can be distinguished by X-ray. Acomparison
of the X-ray plates of a silicotic with thoce of a normal 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
ip the second and third stages are obvious evem to & leyman. It is, of course, es-
sentiel that the X-ray plates be properly mede, Dr., Panoost and Dr, Pendergrass of
the University of Penrsylvania have given extensive study to the influence of X-ray
{ecknigue on the diagnosis of silicosis. Pendergrass is of the opinion that shadows
aend eppearances of fitrosis can be actually produced by the technique employed,
Under other conditions, existing fibrosis can be entirely missed by use of improper
technique,

Silicates as a class are by no means harmless. It was pointed out by Dr. R.
R. Sayers (U.S. Putlic Bealth Bulletin 221) that Miners' Comsurption was rether com-
mor in the Broken Hill district of Australia where the rock oonteins considerable
sillimanite (Aly SiOg), fibrous silicate, and a rather low percentage of quarte
(12,23%), The studies of Badham (Rept,Dir,Gen, Pub, Health, New South Wales) give con-
siderable support to W. R. Jones' (J.Byg.15,307-1933) contention that silicates,
particularly the fibrous varieties, may well be the cause of pulmonary disability.
Badham in 1927 coined the word SILICATOSIS to cover disability from the inhalation
of silicates, Other silicates such as Tale (Hz Mg (S303))4; Shale; Kaolin (H4 Alp
Si2 0g); Feldspar; Cryolite. (Ne3AlFg ); and pure Miom give muoh 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
taken 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, quiescent, may flare up as a result
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of exposure to silicate dust,

Asbestogis - According to authorities cited by Drinker & Hatol in their book
"Industrial Dusts", the pathology produced by asbestos is not like that of silicosis.
Dr, L, U. Gardner of Saranac Lake is of the opinion thet the asbestos fibers group
about the neck of an alveolus and shut it off, causing what is kmown as "Atelectasis".
There is no definite migration or transportation of the dust particles to the lynph
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.,, 50; 1 - 1935) suggests that the enlarged hearts noted frequently in his
cases of second stage Asbestosis may be due to the increased load on the heart, It
takes more work to pump blood through the fibrosed than through the normel lung. Re-
cert pathological studies from human lungs from cases of asbestosis have indicated a
diffuse type of interstitial fibrosis with a certain amount of emphysems.

IV - “HAT IS THL MAYIMM FSRMISSABLL DUST CONCENTRATIOL? - There appears to be a
wide variation in the maximum concertration of dusb which might be inhaled without
subsequent injury to workmen. Some dusts (as lead) are determined by chemical
methods and the concentrations in air are recorded gravimetrically as milligrams per
cubic meter, However, the available information on the amount of lead 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 inteke of about 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 allowable quartity, Others (as silica, where size is a
factor 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-
formetion necessary for the purpose,

The maximum silica dust concentration considered permissible in the air breath-
ed by a workman at any point in the normal breathing zone has not been definitely es-
tatlished, There is consideratle difference of opinion regarding the range of par-
ticles that are counted when using the Public Health Service technique and light
field illunmination. Bloomfield of the United States Public Health Service and Brown
of the United States Bureau of liines contend that they count particles from one mi-
cron and upward, or even 0,7 micron and upward, The Industrial Commission of Wis-
consin and its Advisory Committee, composed of both employers and scientists, how=
ever, agreed in 1932 on a tentative figure of 15 million countable particles under
10 microns in longest dimension with free silice cantent of 35 per cent in & 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 silica, 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
cloud, Dust particles smaller than 0.5 microns in the longest dimension are not
ordinarily oountable, 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 microms. 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 milligrem per cubic meter (or 300 particles
per cubic centimeter. or approximately 8,5 million per cubic foot.) Dr, Lanza found
in 1917 in the Joplin, Missouri district that with good engineering practice, a
figure of 1 milligram per 100 liters of air could be attained, This value attribut-
ed to Lanza appears 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 indicate that Larza's estimation repre-
sents something of the order of 80 million particles per cubic foot. With good en-
gineering practice, lower concentrations than this can be obtained. 1In fact the ex~
perience in Sovth 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 United States Public Health Service in its recent study in the an-
thracite region of Pennsylvania, found that §0 million particles per cubic foot with
5§ per cent. quartz in the coarse dust and 10 million particles per oubie foot with
35 per cent, quartr were apparently satisfactory and often were attained, The figure
of; 10-20 million particles per cubic foot for granite dust with 35 per cent. quarts
content is often quoted fram the Vermont granite studies of the United States Publioe
Health Service, From a consideration of general experience, Cummings suggests 5 mil-
lion particles per cubic foot as a threshold for dusts high in quartz. This figure
is based upon & combination of South Africa, Australien ané Americen experlience but
lacks entirely any publisnéd data in its support.

According to studies quoted by Fhilip-Drirker and Theodore Hatch ir their book
"Industrial Dusts" 10 to 20 million particles per oubic foot by the impinger sampling
method, light field counting is & reasonable figure for cement end limestone, Recent
work by Dreessen confirms the universally aocepted opinion that dusts high in calcite
and low in gquartz do not produce disabling fibrosis. The threshold figure of 0,15
milligran per cubic meter is given for lead dust, presumably litharge and white leead,
or other solutle lead salts,

It should be noted that mary of the data were not determined as the Medical
requirement, but as being attainable in good practice and apparently satisfactory
fram a safety standpoint, It shovld be further noted that the accepted figures are
only relative due to the indefinite powers of resistance of en individusl which are
en wnknown quantity, One individual might resist a proportion of 200 particles per
cutic centimeter, while another would react unfavorably to 50 particles. The worke
er's physical condition prior to the exposure is of great importance, since a young,
healthy individual usually cen stand a higher concentration or longer exposure before
the first stage of silicosis is developed. However, far greater influence than
physical condition might be the ablility 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 through liedical Control pointed out that since standards of safe
atnospheric dust concentretion, based on medical findings have been estatlished for
oanly a few industrial dusts, and in view of the fact that considerable study and in-
vestigation will be reguired to establish standards for other industrial dusts, some
tentative standard would be useful. It was also stated that this arbitrery standard
should be based upon what is believed to be within the 1limits of good engineering
practice provided, it will largely control the silicosis hagard for most industrial
exposures. They, therefore, suggest that

"The marximm permissible concentration of silica in the air breathed might be
expressed by the following formule. (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 iz under 5 million, the condition may be con~
sidered permissible, If the result is over § million, the comdition
may be considered too high, For example,

10% free silica with an average total dust concentration of
30 million particles per cubic foot would give .10 times
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30 million, which equals 3 million (good practioe); 30%, with
everage total dust oanoentration of §0 million, would equal
.3 times 50, or 15 million 8 (umsatisfactory).

Thie formula is not applicable to any dust containing less than 6%
free silica,"

Theodore Hatch in his article "Some Fundamental Data on Mechanical Dust Traps® (Tech,
Pud, No, 637=4, 60, Amer. Inst. Min. & Met. Engrs., Avg., 1935) gives these

Safe Dust Concentretions, Impinger Samples;

(Light Field, Low Power Counts. )

Kind of Dust Maximum Permissitle Concentration
Conteining no S4ldeca, . . . « o v ¢ s = ¢ o & 60 millions per oubic foot °
Containing emy small amownt of silioas,

free combined. « . « ¢ ¢« ¢ o o 0 0 o o 30 " " " "
Containing 20 to 40 per cent,

ﬁee silicg L] . L] L] . . L] . L] L] L] - . . lo " - " " . n
Greater than 40 per cent. :

Free Silica . o . ¢ ¢ ¢ v 0 0 e e s 4. 5 " " " "

(Preferably as much less as possible)

Dr. R. R. Sayers, Medicel Officer in Charge, Industrial Hygiene and Sanitation, U,S.
Public Health Servioe in answer to a question as to permissible dustiness writes:

"During recent years, it has been custamary to recammend threshold
or permissible dust limits ranging from five to ten million particles per
cubie foot as determined by Public Health Servioe technique, especially
with dust in which the percentage of free silica is above five per ocent,
There is no bdbasis for the application of this criterion to all dusts, but
it is generally considered & safe practice and one which can be attained

in most industries by exhasust ventilation, wetting, or other methods of
dust contrsl," .

As pointed out by Drinker and Batch ("Industrial Dust" - 1836) it is unfortu-
nately impossible to evaluate dust exposures with the erithmetical nicety that we
should have liked yet it is commonly olaimed - by laymen - that prolonged exposure to
low concentrations 45 Just as serious as short exposures to heavy oonoentrations.
This claim is oontrary to a fundamentel law of physiology. In discussing the sub-
Ject Clark end Drinker ("Industrial Medioine" - 1935) remark that ".....8 sub=-thres-
hold stimulus (dust inhalation) for a long time produces no reaction whereas a relaw
tively brief super-threshold stimulus may cause & reaction", If workers are exposed
to sudden heavy concentrations, the threshold values suggested previously would be

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

V - HOW MAY TEE CONCENTRATION AND CBARACTER OF INDUSTRIAL DUSTS BE DETERMINED?
The properties of a dust which determine its harmfulmess have been shown to be its
camposition, concentration (the guantity 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
evaluating the efficiency of dust control methods to a detailed study of both the

concentration and the character of the dust in cozmnection 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.
664-675) has been employed for 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 a 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 conoentration. The air
passes through an orifice in the bottom of the impinger tube and strikes glass col-
lecting plate which is submerged in 3 om, 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 laborator: (counting) work is done within a few hours of taking the sample. )
This affords. the means for accurately determining the quantity and size of the par-
ticles, The liguid is then thoroughly shaken to obtain a wniform distributioz of
the particlesy filtered to remove those over 40 microns in size and agein agitated,
Samples of approximately 1 co. aré teken by means of a pipette and placed in Sedg-
wick-Rafter counting cells. The use of a suitable miorosoope equipped with a Whipple
micrometer disc to aid in oounting. will permit the determination of the number of
particles in one quarter of the microscopic field. From this figure, the number of
particles of dust in 1 cw f't. can be calculated, One special advantage of this ap~
paratus is the fact that analysis of the sample ocan be determined by counting, by
weighing or by chemical analysis. The impinger method 1is neither simple nor extreme-
ly oomplex; however, reliable results can be obtained only by well trained, ocampe-
tent and experienced investigators. However, owing to the wlde use of the impinger
in previous investigations that have been correlated with the pathological 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 ocourt, Some state
codes on dust control recognize the impinger method. The United States Bureau of
Mines has practically completed the development of a "Midget" impinger which has most
of the good characteristics of the impinger but lacks most of its drawbacks, This
midget impinger will soon be available and will greatly simplify -both seampling and
oounting,

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

A number of instruments are aveilable for makirg 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 operation 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, a dust filter to
remove very coarse dust particles, a sample disc and a micrameter ruled in square
millimeters, The air pump drives a measured quantity of air ageinst the sample diso
which is covered with a sticky substance (glycerine jelly). This sample forms & dust
spot which can be examined under the microscope for a general idea of the mature of
the dust and the relative quantities present, or for an actuel measure, a "dust count",
which shows how many dust particles ere 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 Africa (Final Report of the Miners! Phthisis Prevention Committee, Johannes-
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 "Industrial Dust" (MoGraw=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 campact and simple sampling device, Space is
provided for thirty samples on a single disc and no auxiliary
source of power is required for its operation. Greb samples
can be collected with speed and the fluctuations in dustiness
and the development of dust floods cen be revealed in a way
that is impossible with more cumbersome apparatus. South
African experience involving the collection of thousanés of
sanples has shown that the figure ¢f merit given by the Koni-
meter is directly relaeted to the emount of phthisis - produc-
ing dust in thg air. It is a vaeluable routine sampling in--
strument but because of its low and selective efficiency, the
counts reported are probably considerably below the true level
and they are not easily compered with deta obtained in
Englend, for example, with the Owens apparatus, or in the
United States with the impinger.," ’

Experience has shown that contrary to Drinker's stetement, the Konimeter if
properly used, will give results thet agree very well with those obtained by the use
of the Impinger. The U,S, Bureau of Mines Experiment Station at Pittsburgh in making
some comperative studies with the Konimeter and the Impinger found that an average of
five Fonimeter determinations was within about two per cent. of one impinger determi-
vation, The reason for taking 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 instantaneous gradb sample of small volumes and owing to the hetrogene-
ous nature of dust in air grab samples do not represent the average conditions. The
Inpinger 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 sample, in order to obtain average conditions, We have no
correlating information of the Konimeter with the 20 to 30 micron porcelain filter
ageinst the standard impinger method,

A Zelss FKonimeter, using a 20 to 30 micron porcelain filter was used in making
actual dust counts in our various dust producing operations, The particle size¢ and
site classification was estimated rather than sccurately measured and 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 pathogenic,

Other methods in common use are the Owens jet dust sampler ("Jet Dust Counting
Apparatus® by J,S.Owens, Jour. Ind.Hyg.,Vol,14,1932,P,622), which has recently been
manufactured in this country and the photogrephic dust counter, developed by Ficklen
and Ott, The Owens jet dust counter i1s used in this country to collect samples for
particle size distribution determinations, It is used principally in Australie 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 & few months ago. This instrument con~-
sists of a dark-field microscope magnifying 200X, and an impinging apparatus mounted
on a common base, The base is & hollow chamber with the bottom hinged to provide
easy access to the dark field condenser and a circular glass specimen slide. By means
of a heand pump, which is part of the impinging dgvice, a sample of air is crawn
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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 e maximum of twelve samples can be collected on the slide and then
viewed. The slides are quickly removable and replaceable. This dust counter is not
designed for accurate dust determination but rather as an inexpensive device for
roughly checking dust conditions. It has not been available long encugh for athorough
test in actual practioe, .

The principal objection to instruments like the Bausch & Lomb Dust Counter and
the Owens jet dust sampler for determining muber concentration is that their dust
collecting efficiency decreases with an increase in the atmospheric dust concentra-
tion and the fact that they take grab semples,

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 determina-
tions of the exact sites of particles,
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PART Il - DUST PRODUCING OPERATIONS STUDIED

WHAT ARZ THS FRINCIPAL DUST PRODUCING OPERATIONS? - In order to determine to
what extent 4if any, workers in the production of petroleum products end associated
activities are exposed to the hazard of breathing dust, a survey of all dust produc
ing opere."ions was made wt the various plants concerned. These operatxons listed
in order -of their apparent degree of dustiness, are:

i 1.SAND - BLASTING

Due to the large mmowmt of finely divided silioa dust produced by the impact
of the grains of sand on the surface of the object being cleaned, sand-blasting is
the most dangerous silicosis hazard encountered in our survey. Send-blasting is
used rather estensively mt oll refineries for cleaning inside soeking drums, bubdble
towers, tar separators, run-down pans and storage tanks for metal inspection snd to
permit the application of gunite li.ning as & means of preventing corrosion. Header
boxes or other similar parts, tubes in cracking coil fire boxes and return bends
are sand-blasted to permit a detailed end thorough examinetion for cracks and de-
fects. Send-blasting is also employed in the removel of corrosion from under floate
ing roof tanks; for removing roughness or rust froa 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 preparatory to placing them for rolling; and for cleaning
cestings wiich ere too large or fragile to withstand being tumbled. It has been
used, to & limited extent for cleaning buildings and rendering window glass opague.

The cracking coil tubes, pipe, bell caps, trays, header-boxes end similar obe-
Jects ere usually sandblasted out-doors in the open air or in a more or less open
shed, doth locetions being s far removed as feasible fram any shops, process units
or other working places. Coarse river sand is discharged through a one-half to three-
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 end
wear a "Healthguard" (Chicago Eye Shield Company) mask, a Sly Sand Blast Helme: or a
Fresh: Air Hose Mask covered with & canvas hood. The men at the Sand Blast Machines
wear "Dust Safe" goggles and a M.S,A,"Comfo" Respirator. The Mine Safety Appliances
Company now has & sand-blest hood that is meeting with considerable approval by in-
dustry and also by the United States Navy Department. A blower is available for
supplying air to these hoods that cleans the air. This seme tlower cen be msed in
connection with air-line respirators,

Wher sendeblasting is done inside of drums having more than one opening, such
as soaking drums, en sir siphon is placed in the lower manhole which draws out the
dust end allows a continuous circulatian of fresh air through the drum, In drums
where the siphon cennot be used, the alr ciroulation 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 ooccupies 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
a combined total of 400 hours during the course of & year, In discussing rotation

of men on send-blasting jobs., Dr. CGehrmann, liedical Director of the du Pont Company
wrotes

"I+ nust be borme in mind that silicosis is a cumuletive diseese and,
therefore, the rotetion of mea in this type of work cannot be comsidered
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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-
tein amount of the dust which produces permanent damage in his lungs; he
is then removed and the possibilities are that the damage 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 later years, developing & large mumber of
cases of a moderate silicosis with some permanent disability. The only
safe expedient which can be used is complete prevention and this can only
be done by eliminating the dust.”

During owr survey we found that men ezgaged in sand~-blasting, thst- 1s handling
the nozzle or attending the sand-blast machine, were more or less properly protected
while actuelly doing the work but often times they removed their protective equip-
ment before getting completely away from the working area.

A large amount of very small particles is produced by sand-blasting, In an
analysis of dust samples collected both outdoors and indoors during sand-blasting,
the following distribution (Publio Health Bulletin No. 217 = pe52) on a size fre=-
quency basis was found:

Size Group in Microns Fer Cent of Total
0.00 - 0049l'll10l.00'0'0.0.-00.00-0.0 1.4
0.50 - 0.99.00-.-.00....-0.0.--nvoc-.o 19.7
1.00 - 1.49"-0.'-..0000.0cc-ov.aooo-o 3407
1.50 - 1.99.--.00--.0-0..-o-vo-o.coaoo 20.3
2.00 - 2.49000'1100-000-0-o'o'ooo-'ooo 1206
2'50 - 2.990.0000000.oolt'a..'ltl..l‘. 5.2
3.00 - 3'49-'000.-0-.001.-'--.-ocooov. 208
3.50 - 3.99'01-.00'--0000-.01-0..00-0' 106
4.00 - 4.490--0'-0..00'!00000000."000 1.1
4.50 - 4199.vvuolotcc"¢naoooolocoloao 002
5,00 = B.49.¢.ccicttecnciecracocacanns 0.2
5.50 - 5.99.----ccv-ucnccc.co-o-ovooo. 002

While it has been estimated that free silica dust particles, 1 micron in diameter, re-
quire 8 hours to fall 6 ft. in still alr; particles § microns in diameter require
less than 1 hour to fall the same distance. Concidering 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 fact that the con-
dition of still air is rarely, if ever achieved, and that dangerous particles exist
in sizes below one micron, it is evident that e hazard 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 beooms necessary for any work to be
done in the vicinity of sand-blasting operations either on process units or the sand-
blast sheds or yards, it should be remembered that there may be silica dust in the
air even though it cen not be seen. Dust counts as high as 5,344,160 particles ten
microns or less per cubic foot were found in samples taken about 50 feet "downwind"
(wind dlowing about 15 to 20 miles per hour) while sand-blasting cracking coil tubes;
sbout 957 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 send-blasting operation hed counts as high as 1,812,480 particles per
cutic foot.
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Dust cowmts 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 Send Blast Machine feed
hoppers. The high counts were found wher sand was shovelled imto & small circular
screen and sheken 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 Sand-Blasting
liackines was 4,950,316 perticles, ten micrcns or less, per cutic foot.

Dust counts as high as 4,964,320 particles, ten microns or less, were found in
sarples taken inside a Sand-Blacting Room while cleening oeastings. The average dust
in this room during sand-tlesting was 3,873,625 particles per cuble foot., About 80%
of these particles were angular crystalline three microns or less in sire end about
207 appeared rounded, quartz-like crystals about ten microns in size. There were a
few rust-like sceles over ten microxs in size and a very large number of minute dark
wetallic particles too small to te cownted scocurately. The dustiness of this operu-
tion could be greetly reduced by the use of steel abresives exdlusively.

. A1l of the samples {or dust counts referred to above were taken at faoce level
in the vicinity of workmer.

6,000,0C0- dus* particles per cubic foot is the tentative maximum allowetle
limit of dust particles containing free silica of & size less than 10 microns recox~
mended for sand-tlasting, )

II - FILTERING OPERATIONS

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

A ~ FILTER CLAY CR FULLERS EARTH:

What is Filter Clav or Fullers Earth? Filter clay cannct be identified from
chemical compocition but consists of silica, alumina, iron and alkaline earths in
varying percentages. The distinguishing properties are lack of plasticity and the
power to remove color frow oils, There are numerous deposits of this clay 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, Georgia,
supplies a major portion of the clay used by the affiliated Standard (il Carpany
(Wew Jersey) orgenizations. At the mine this material conteins on an average approxi-
mately 32% silica and 457 moisture, The average composition after being processed
end prepared for shipment is approximately:

SiOz.-............n.u.....n 67.46 per cent
Al203. . ccaerasnensaaaseanceass 10,08 " 7
FE203iceecceccecanccassoscesse 2049
MEOe s eureosnseerennocasanceee 4,09 "
Combined Molsturesse.ceecscoves 5.61 "
Free Moisture.isceevocesonseees 6,28 "

2 a2 2 2

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 coersc na-
ture and without appreciable amount of fines,

There appears to be a wide variatior in the composition and free silioa con-

tent of filter clays used in European refineries, "Torrana" a Geman Filter clay
used in Folend shows:
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Loas in celcinatioNiceeeceeseesee 6405 per cent
Free Silica (5402)cecceccrreeeses 83,27 "
A1203 and FO203cceeeeerrroonccaee B8.27 " "

The filter clay used in Roumanie is reported as having 60,4 per cent. free
silice or 75.3% total silicates, "Granosil"™ clay used in Belgium cortains & total
percentage of 73-1/2 per ocent. of silicates exprecsed as Si02, The percentage of free
silica was not determined,

How is Filter Clay Mined end Prevared? - The deposit varies from 2 to 12 feet
in thickxess, probadbly averaging “about 7 feet. There is an overburden of about 35
feet which is removed by an eleotrically operated drag line or a steam shovel, The
olay is loaded into small cars, trensported to the wet clay shed where it is dumped
on to the drying floor and dried for three dajxs. It is then picked up by orange peel
buckets, loaded into portable distributors and 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 trensferred to tandem oil-fired rotary dryers,

50 to 60 feet long and six to seven feet in diameter. 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 a maximum 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
installation 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 Koximeter microscope and about 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 a vibrating screen. The oversire is next
pulverized in a roller mill and the product couveyed to a sifter, An exhaust system
for the mills and elevetors has been installed. This process may be repeated umtil
the desired size materiasl has been obtained and graded to standard mesh sizes, the
better known of which are 16=-30, 30-60, 60-30, and the 200 mesh. The 60-9C grade is
protably the most cormonly used in the petroleux industry vhen decoloring by percole-
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 typlcal screen analyses:

30 - 60 GRADE FILTER CLAY

Mesh Per Cent,

Over 30 cocivereoacnrecacccnsasancss %7
50 - 40.--...----.-.-..0---oocoo-. 47.5
40 - 60-0..---'noaococo-.cccocccpcu 40'3
60 - 820.-0..-coconuooccuo-ooco'-o 1.

Tm 82cooonoooco'coootootlc.co-oo. 100

Total 100, 0
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FIVES (100 - up) GRADE FILTER CLAY

liesh Per Cent.
over 97 LI I B B I B IR A BB BRI B B I I Y O B AN ) 006
97 w 157 ceveecccetacasasaosancans 22,7
LET = 200, it eeavesvccevcassnnsoce 8.0

I}wu 200'-‘.'0...0.".‘.'...-..'U.l. 68.7
Total 100. 0

There is very little dust produced by the sifting operation, All of the con=
nections are designed to be dust tight but there is some leaknge. Samples of air
teken at verious points around the sifters while in operation hed an averege of
2,208,960 dust particles less than ten microns per cubic foot., About 85% of these
dust particles were slightly angular crystelline in appearance and five microns or
lesc ir size; about 157 were slightly rounded semi-opaque tenmiorons or over in size,
The larger particles had small cracks or {isswrés snd seversl small air bubdbles,

lien spend about two hours & dey cleaning, repairing or replacing silk screens
in the sifters, Samples taken during this operation conteined an average of
2,039,040 dust particles less than ten microns per cubic foot. About 97% of these
dust particles were angular crystalline in appearance end five microns or less in
size; about 37 were opaque over five microns in size,

After being sifted and graded the clay 1s ready for shipment. The 30-60 mesh
grade is placed in burlap begs holding 128 pounds and loaded into railroad box cers;
about 400 bags to & car on an average, Dust counts of samples taken during the fill-
ing of the bags with the 30-60 mesh grade show that there ere from 7,582,760 to
9,968,640 dust particles less than ten microns per cubic foot which indicates that
all men engaged in begging and handling bags in tHis ares should wear approved respi-
rators such as the "M, S.A.Comfo", About B0% of the dust particles in samples taken
during the filling ancé hendling of the bags appear slightly anguler crystalline umder
the microsoope and are five microns or less in size; 20% are rounded crystalline, ten
miorons or over in site,

Bulk Loading of railroad box cars with the 30-60 mesh grade produces clouds of
dust, but a major portion of this dust is apparently larger than 30 microns in size
as samples taken during this bulk loading had an average of only 6,863,440 particles,
ten micrens or less in size per cubic foot.

The Fines (100-up) grade is put imto 128-pownd cottor bags. Dust counts in
samples taken during this operation showed that there were from 4,644,480 t014,216,64C
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 umder the Konimeter microscope and five microns
or less in size; 20% were semi-opaque crystalline from about seven to fifteen microns
in size, There were also a large number of very small particles about cne micron or
less in size, .

removed from the box cars by a crew of men usually from the General Labor Department;
the job being rotated so that the same men do not do this particular operation more
than perhaps tvelve hours twice a year on an average. Goggles end "M.S,A.Comfo"
respirators are generally provided, The clay is either trucked or dragged to an
elevator or conveyor hopper and édumped and the bags are piled for storage. At points
where the clay is received in bulk, it is umloaded by a 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, end the care used by the
men doing the job. Here are same average dust counts of particles less than ten mi-
crons in samples teken during the unloading of bags of 30-60 mesh Attapulgus cley

Particles Per
Cubic Foot

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

Southern Refinery.....veceeececeeecoeaees 5,403,456
Dumping clay from Bags into Elevator Hopper at a

Northern Refinery....ccvcovececesccceeses 2,237,280
Handling bags from Storage and Dumping into Elevator Hopper

at enother Northern Refinery.ceeccccvees 755,160
Inside Box Car During Unloading,.sccesevesocesecccsacccssacesoaaoee 1,110,144
Qutside " “ ® B e eeereaenereaccietretecantnatenes 372,924
In Filter House Passageway being used to Truck Clay to

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

wnloading.sveeececocccseccceccrsscaccene 651,360

Apparently unloading clay in the bulk is less dusty than handling and dumping
of the clay in bags. Samples taken during the umloading of bulk clay gave these
average cownts of dust umder ten microns in size:

Inside cer during unloading...ccvcecececescacsose 962,880 particles per cubic foot
Outside " u " eteresnceasensesvseanes 623,040 " " " u

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

After dumping, the new cley is taken by elevators and conveyors to ctorage
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 coumveyors, Samples taken during the filling of storage bins with new clay had
these average dust counts of particles less than 10 microns in size:

Dust over Bins around elevators and conveyors during
filling at a Northern Refinery.......... 1,910,432

noon " & Corveyors while filling at another

Northern Refinery.ceeeeeeevervscecactocsssscnsavssaseca 4,275,842
ro" " & Conveyors while filling at a

Southern Refineryecececcceesssceasscccacccasasasscees 4,531,200
" Face Level on Walkway over Storage Bins Northern

Refinery while Filling Bin.....ccvieecenrceecccssncaee 2,307,776

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

"SURNING" CLAY - From the storage bins the clay is conducted by chutes and/or’
conveyors and elevatorc to gas or oil fired Wedge Burmers or Rotary Burners or Kilns
in which it is "bwrned” or roasted, end then discharged into rotary coolers where it
is cooled, Vhere all openings. chutes and elevator outlets as well as the ends of
rotary coolers are properly enclosed and en exhaust duct is placed over the burner,
very little dust (an average of only 604,160 particl&s, 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 comparison of the amownt
of dust (particles ten microns or less per cubic foot) produced by each:

. Total General
Type of Furnace Feedirg About Furmace Coolers Average

Hermap-Frasch 0il or

” Gas Fired,........ 2,624,320.... 3,700,480,... 2,732,880,,.s. 2,990,542
Wedge Gas Fired.......... 5,399,680.... 1,522,459.,., 2,108,690...,.. 2,395,971
Rotary " M L eeeeee.. 2,067,360.... 1,070,046,.,. 3,115,200,,... 1,818,206

The present practice of using a compressed air hose to clean up the clay on
the various floors of the Furnace House at one 6T the Refinmeries is particulerly ob-
Jectioneble due to the excessive dust (12,687,360 particles ten microns or less per
cubic foot) whick is stirred up.

About 905 of the dust particles in semples teken during the burning of filter
clay were engular transvareat crystelline in appearance and five micrens or less in -
size; 5% were round opaque, ten microns or over and 5% were rounded semi-opaque, ten
wmicrons or over in sie, :

Exposure to dust produoed by burning or reconditioning cley 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 porter's mein jobs is to
"clean-up" he is exposed more corntinuously to dust than are the firemen.

CEARGING FILTERS - The cooled, burmed clay (30-60 grade) is comveyed to the
filters by means of elevators and belt oonveyors and charged through chutes fram the
conveyor belt tripper at a rate of from one and & 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 positlon 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 samples
teken during the charging of filters at all of our plants using 30-60 mesh Attapulgus
Filter Clay was 3,717,884 particles ten microns or less in size per cubic foot, The

apount of dust produced by the charging operation varies considerably at the various
plants as is shown by these avereges:

Refinery Charging Rate Particles ver cubic foot
Baton Rouge 8 tons per hour 4,271,413
Bayway l-1/4 " w ® 2,435,520
Bayonne 3-1/2 " ™ n 2,242,944
Eagle Works 6 oo n 1,042,976

It is the gemeral belief that the more times & clay has been used and reconditioned,
the less dust 1s produced during its handling, Our study does not confirm this be-

lief as applicable to dust produced while charging filters. Averages of dust counts
in semples taken during this operation were:

ﬁ 1 Clayeeereeesccansneess 2,242,944 particles per cubic foot
ks 3 " LRI N R I I AP 4,604,832 " " " A
# 10 " .iiviververennn... 3,896,832 M nooow "
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According to an annlysis of particle size made by the Bayonne Latoratory of a
sample of Raw (30-60 grade Attapulgus Clay) No.1, -No.3, and No.8 Wedge clays, the
following 4s the sire olassificetion or distribution:

Raw Clay #1 Clay #3 Clay {f&_Clay
Coarser than
100 mesh 98 5% cevuuns ve 9904F e cneneeee 98 Thueeer.. 98,3%

Dismeter of Particles Raw Cley #3 Cley #8 Clay
Millimeters Microns Per Cent Per Cent Per Cent
149 to ,074 149 to 74 0, 14355 1, 00750 0, 54156¢
074 " ,044 74 no44 0. 65095 0.17186 0. 08449
.044 " ,035 44 v 35 0. 29760 0. 05369 0, 04585
.035 % ,025 35 " 25 0, 21555 0. 03887 0, 01603
.025 " .015 26 " 15 0. 17550 0.01729 0. 00847
.016 " .005 15 " ) 0.11640 0. 01027 0, 00336 -
.005 " ,001 ) " 1 0. 00045 0. 00052 0, 00021

Atout 85% of the dust particles in sarples taken during the charging of #3
clay were slightly anguler in appearance and five microns or less in size; 15% were
rounded semi-opaque, ten microns or over in size, About 75% of the particles in
sanples taken during the charging of 310 clay were slightly angular crystalline, five
nmicrons or less in size; about 20% were over ten microns in size and were semi-opague
about 5% were round semj-opaque between five and ten microns in size, All of the
larger particles appear to contair small bubbles, There are numerous small black
specks ebout 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,r These mex have an average service of about 20
years and work eight hours a shift, nine shifts out of fourteen.

Vertilation is provided in the newer filter houses by eighteen-inch roof ven-
tilators extending about itwelve inches above the roof and also by windows which oo=-
cupy about 807 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 oil 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 oil
is all drained off and the clay is then washed with naphtha 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 c¢lay had on its free silica con-
tent samples were analyzed by the New York State Department of Labor, Division of In-
dustrial Hygiene with this result:

Timss Burnmed 5 Free Silica
Raw Clay...... cecssensse B.30
OnCe..viieevorsvsansenesnes 8,50
Three,..oocveeeee cecavea 9, 20
Eight............. eesese 9,30

Consideretle steam is usually given off during the dumping which probably
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explains the smaller dust count (& general average of only 2,518,781 particles ten
microns or less in size per cubio 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 had as high as
16,638,880 particles per cubic foot, although the general average of samples taken
during dumping at the various refineries was 2,514,816 particles per cubic foot. About
95% of these dust partiocles are slightly angular crystalline in appearance under the
Konimeter mioroscope and are above five microns or less in size; about 57 are rounded
semi-opaque over five micrens in sire, Occasionally the clay doesn't "flow'" when the
filter is opened and must be started "flowing" by means of an iran bar. This aotion
causes some dust (2,888,640 particles per cubic foot) but not as much as pounding the
bottom end lower sides with a sledge (4,248,000 particles per cubic foot) as is some=
times done, Aftter the clay has run out, the inside of the filter is swept out with a
broam which produces a little dust (an average of 792,960 particles per cubic foot),
The filter is then plated up and is ready for recharging.

The work of dumping filters is done by ane man per shift, for each filter
house, These men have an average service of about ten years and 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 valves and fire hy-
drants to prevent freering; also for certain other small absorbing Jjob such as on the
warehouse floors of same of the larger bulk sales plants where lubricating oils are
transferred from barrels or drums to smaller containers, or loaded into five gallon
cans from bulk, Most of the spent clay is disposed of, however, by dumping it on
nearby Company property and, to a lesser extent on railroad property near river banks.

Composition of Filter House Air Borme Dust; Samples of dust from Attapulgus
Clay, 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 Station for petrographioc examination, Ordinarily positive results are not
obtained in pevrographic 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 results of the petrographic exeminations it should be borne in mind that
the samples subtmitted were settled dust, end 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 crush-
ed to a powder.

"Montmorillonite" ((Mg, Ce) O,Alz 03, §5i O2. nH20 — n=5to08) is the miner-
8l that is characteristic 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 Furnace.

Quarte - 10% Montmorillonite ~ 8037
Calcite, Microcline and Unidentified - 10%

Dust from accumulation on girder over clay storage bins - #4 Filter House,

Quartz - 10% Montmorillonite - 707
Possibly other clay minerals present, opaque - 20%

Dust fram eccumulation on pirder over olay storage bins ~ #1 Filter House,

Quartz - Over 1% Montmorillonite - 55%
Opague - 40% Unidentified - 5%
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Control of Filter Clay Dust: Dust in e 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 an air hose to blow accumulated dust and
spilled clay from equipment, walls and floors, Handling a fine light dust producing
meterial, such as filter clay, in a system which includes open belt conveyors is in=-
herently a dusty operation. (12,687,360 particles, ten microns or less in size, per
cubic foot). It is difficult to preveant some dust from being generated at urloading
points where the clay falls into chutes or bins, but it cen and should be controlled
by means of hoods, enclosures, and adequate exhaust systems with effeotive dust collec-

tors,

There will alveys be an irreducible minimum of spillage 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
problex. Unless the present practice of cleaning dust spillage by blowing with ocom-
pressed air is changed, the necessary periodic cleaning will continue to be a very
dusty and unmhealthful operation even though all precautions have been taken to pre-
vest the escape of dust fram clay handling equipment. A modern industrial vacuum
cleening system would do the job efficiently, without creating amy 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 amount of dust is also generated by clay fallw
ing into the tripper chute (6,060,480 particles per cubic foot) and discharging fron
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,
and by using & properly designed belt tripper on the conveyer belt,

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

-For complete control of dust, emn exhaust system equipped with dust collector,
fan, ducts and hoods should be installed to remove dust from the points of origin,
such as, all urloading points (except movable trippers) of each belt conveyer in the
building, new clay bins and burned clay bins, One estimate which has been prepared
for such en installation calls for an exhaust system with a cdpacity of approximately
15,000 cubic feet of dust laden eir per minute, and is based on maintaining an imward
flow of air st openings into hoods and bins at a recommended velocity of 200 feet ar
more per minute. In considering dust collectors, it should be borne 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 partioles.

Under existing conditions at most plants it is almost impossible to keep the
plants clean, regardless of how carefully the equipment is operated. However, the ine
stallation of & vacuum system and adequate dust collectors should emcourage 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, partioularly in the United States, are acid treated “Ben-

tonite". Bentonite is a non-refractory clay, & 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 a wide variation in the camposition end free silica con-
tent of American and European contact or activated clays, "Filtrol" an extensively
used Amerioan comtact clay is reported to contain about §7% free silica (silica which
is insoluble in conoentrated hydrochloric acid). "Milwhite", another extensively
used American contact clay, conteins 65% free silica, The contact clays listed are
those most extensively used in Europe:

Insoluble in Insoluble in Concentrated
Concentrated HCL HCL and 6% NAp COgz,
i/ "Ivry" Clay (Fremch)........ TE O e erennranons 64. 6%
"Terrana Extra" (German).... 6408% 0 ereannancns 27, 2%
"Clarit” (Ttalian)eeeceee.e.. 49, 5% ceveconcanne 50, 6%

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

Total S3lichee.ccvevescances 51577
Lime (C80)iuvrrreneereeveees 0.63%
Aluminum and Iron Oxides.... 18,83% -
Loss on ignition (Water).... 23,62%

The balance probably consists of
potassium and sodium oxides,

The following is the result of e petrographic exeminetion
of "Petrisil" which was made at the United States Bureau
of lines experiment station:

QUArtZ. cvevtevececeosacaccas b%
Montmorillonites.eecooesraes 90%
Unidentified Minerals....... 5%

The use of contact 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 that
used by the Standard group is known as "Filtrol", consequently this was inmcluded in
our dust studies,

What is "Filtrol" and How is it Produced? "Filtrol" is & pulverized acid treat-
ed Bentonite T used a5 & decolorizer, absorbent and decdorizer in the refining end
preparation of both organic and inorganic oils. It comes fraom "open ocut" mines in
Mississippi end California, and occurs in beds about two and one-half feet thick
wnder en over-burden of some eighteen to twenty-five feet. There has been some doubt
a8 to its origin, but it is now believed to have been volcanic dust transported by
the air and deposited umder the waters of either a lake or a sea, Raw Bentonite is
mined and loaded onto trucks with steam shovels, and then taeken to the preparation
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 feedw
er, The elevator discharges into a crusher which breaks the material down sufficient-
ly to enable it to pass through a screen (three meshes to an inch) onto & 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, It is then dumped into thickeners, washed, and deliver-
ed to an Oliver filter. From there it goes in turn to a pug mill, drying tower, cege
and imp mill, and clessifier, The finished product is placed in a 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 a capacity of from 1600 to 2000 bags. The

three grades of "Filtrol" in greatest demand are:

; GRADE Per cent, of Coarser Finer

(Per cent. thru Total Than 200 - 325 Than
200 mesh) Production 200 Mesh Mesh 325 Mesh
85 - 88 80 14, 0% 16, 0% 70, 0%
75 - 88 16 23,0% 24, 0% 53, 05
90 - 93 5 8, 0% 23.0% 69, 0%

The only real dust producing operations in the production of Filtrol are the
£illing, stacking and handling of the fifty pound bags. Samples of dust taken during. .
these operations revealed the followinge:

QOperation Particles per cu fit.
Avernge dust £illing bags with 85-88 grade 10,416,096
v " packing room while filling bags 9,572,180
" " produced in handling of filled bags 5,845,248

An exhaust system has been installed 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 bacin below. A seven-inch duct leads from the basin
and a six-inch duct to a canopy in back of the packer, both comnecting with a ten-
inch main duct which runs to a Sturtevanmt Fan (1750 R.P.M. ) designed to handle 1,620
cubic feet of eir per minute egainst four-inch water static pressure. A oyclone 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 ssmples taken duwring the fil-
ling operation are slightly angular orystalline in appearance under the Konimeter mi-
croscope, and are about two microns or less in size; approximately twenty per cent,
eppear to be rounded orystalline, glass-like, but with rather smooth edges, and over
ten microns in size, There are a large number of very small gray partioles (ebout
twenty per cent.) too minute and tco numerous to count acourately.

What is the Chemical Composition of "Filtrol"? Below is the result of an an-
alysis by a commercial cliemical laboratory in Los Angeles, California, of a sample
of Flitrol from the Jackson (Mississippi) plant- :

Per Cent,

Silic& (SiOZ)ocoo..o..-o-u---.c-o.ooccon 56.90
Alunina (A1203)............-............ 13. 97
Foerric Oxide (Fe203)cececcrscescsrcoccee Lodd
Titanium Oxide (Ti02)es-vceceorocoaceccss 0010
Calcium Oxide (CBO)eecivrecconveovsvsces 2482
Megnesium 0xide (Mg0)seecececssovavcacene  3¢56
Manganese Dioxide (MRO2).evseeosancscaces -

Carbon Dioxide (CO2)e.seeerceccrscreness -

Potassim Oxide (K20)0¢.0¢o¢--0-0~oono.o 0003
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Per Cent,

Sodium Oxide (Na20)iiuiiiiiiaeaneccaanane 0.04
Chlorine (cl)ooo.cncn-'-o.v-oc--ovlooot. -
Phosphoric Anhydride (P205)e..cuvvccccne -
Sulphuric Anhydride (S03)eceereccoecccce 0,63
Total ignition los6.sce.iiiiieranveansns 20. 00
Free Holsture,coieeveetsecsencnecnvennse 12,23

i "It is customar; to separately report materiels such as Silica (S102)
end Alumina (Al203) in ultimate snelysis although the elements are
known to be in oombination wi*h one another, It is difficult to get
ar analysis o free Silica. and since the quentity contained in Fil-
trol would be very smell, we have not attempted to have this per-
ticular enelysis made,"

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

Per Cent, -

lioisture at 120 degrees C .......c0anr.. . 16.5
Loss on ignition............. 33,5
Insoluble in concentrated ML .....c0.u0 55.0
(Total Silica and umatincked crystels)
Insoluble in HCL end in a 57 NapCO3z solution. 15.0
(Sile>, quartz and wattackec crystals)

A microscopic examination shows a few particles with
"scute angles",

An examinetion made by the United States Bureau of Mines Experiment Station in
Pittsburgh, Fennsylvania showed that Filtrol containg more than 1% quartz, 95%
Montmorillonite ((Mg, Ce) 0.Al203-55102-nHp0-~n=5 to 8) and 5% unidentified minerals,

A similar evaminetion of Attepulgus Fines (200 mesh) showed 5% quartz and 95% Mont-
morillonite,

How is Contact Clay Used? The clay is mixed with oil, agitated 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 pleced in a hopper from which it flows
into inductors or mixing chambers where it is mixed with the oil and then pumped to a
filter tank, The only dusty operations are the unloading of the material and dwaping
it into the hoppers or mixing chambers. The higher dust counts with the contect clay
es compared to filter clay is probably due to the fact that it is e finer material,
or at least disintegrates more easily than the filter cleys studied,

Semples taken during the dumping of Filtrol and Attapulgus Fines into & reaoe
tion chamber gave the following dust counts,

Operation Particles per cu. ft.

Avornge dust produced while dumping 50 pound 6,768,480
b&gs of "Fil‘brol"...c.............u...-...

hverage dust produced while dumping 100 pound
tags of "Attapulgus Fires"....ccceenecacees. 9,260,640
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Under the Konimeter lMicroscope the particles were rounded in appearance, The "Atta-
pulgus Fines" appeared more crystalline and angular, and had & greater proportion of
particles five mlcroas or less in size thau did the "Filtrol". The cownts indicate
that more dust results from dumping Attapulgus Fines than from dumping Filtrol acti-
vated cley,

Dunping fifty pound bags of "Milwhite" (90% through 200 mesh), a Texas ocontact
clay, into the feed hoppers to the inductors or mixing charbers is an exceedingly
dusty operation, Semples taken during this operation had as high as 14,046,720 par-
ticles ten microns or less in size per cubic Toot, Samples teken in the middle of
the room just after thirty bags had been dumped into the hopper had 55,647,040 par-
ticles per cubie foot. Under the Konimeter Microscope, about 90% of these particles
‘mppenred s1ightly crystalline, and were five microns or less in size; 107 were round,
seni-ozanue, . ten_to twenty microns in.size, There were also a few scale like par-
ticles,

Fourteern men with an average service credit of six years are involved in this
operation, Three men are exposed to the dust during six hours of eech eight hour
shift for nine of the fourteen shifts during the 85% of the time the filtering plant
is in opermtion. They wear 14 8,4, "Comfo" respirators.

After extensive study and investigation the local menagement hes made arrange-
ments to receive the clay in tank cers similer to those manufactured by the General
Anerican Tenk Car Company. These cars are selfeunloading and will discharge into an
enclosed hopper. The clay will then be transported to storage bins by means of a
screw conveyor completely enclosed in ten-inch tubing. It will be withdrawn from the
bottom of the bins, passing through weighing scales, into the irnductors where it will
be mixed with the oil, This will _provide m mompletely closed systemr ané should
elimimate all air comtanination,

C - BONZ BLACK OR CHAFRZD BONE:

Refined wax 1s filtered through bone black or charred boze to improve its
color, This material is ottained from various meat packing firms in finely woven cof=
fee bags that hold about 150 pounds eack. An open belt conveyer and elevator carry
the tone directly from the reactivating furnace to the covered filter charging hopper.
Metal chutes lead directly from this hopper into filters which hold about 3,000
powmds of bone black. Upon completion of filtration the bope is washed with "Varsol"
steamed for atout 24 hours, washed with hot water, steamed for two hours more, and
then dumped upon belt conveyers which carry it to thie reactivating furnasce whick is
gas fired, The bone goes through the furnmace at a tempcrature of about 1100 degrees
Foehrenheit and at the rate of about 250 pounds per howr, Bore black can be used over
and over agair. Three men one on each shift, with an average service credit of
fifteen years, are engaged in this operatiom. Their period of exposure to dust is
about one hour per shift. The greatest amount of dust produced results from the opern
conveyers, particularly in dumping the material from the furnece onto the oconveyer
belt, Semples taken during this operation had as high as 11,044,800 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
filling. An eight-inch motor driven exhaust fan has been installed to suok 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 pounés per morth,

Under the Korimeter Microccope about 65% of the dust particles of samples taken
during the reactivation of bone tlack appear to be tlack, opaque, scot-like, and are
five microns or less ir size; 5% are rounded, semi-opague, ten microns,or more in size,
The angular crystalline and light grey particleswhich constitute about 30% are probatly
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bone ash,

HI - INSULATING OPERATIONS

Insulation plays an important part in the processing of petroleun 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 insnlationg and & mixture of B85% magnesia and 15% asbestos, . Rock wool is |
used to & oonsiderably lesser degree, In the ordinary commercial form, Rock Wool,
es used at our refineries, does not present a dust hazard., It is slso used for
house insulation, and is aveilable in small nodule form which can be blown inbo
place, "B5% magnesia" is a mixture of magnesia and granulated asbtestos and pressed
into blocks of various sizes end shapes (usually 16" x 18" x 1-1/2"). The most dust
comes from dismantling old insulation and grinding scrap material for use as a plas-
ter or "ganister", The average service of men engaged in insulating operations is
sbout fifteen years, Most of these men have been trensferred 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 "Camfo" 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 insulation.
At one of the larger southern refineries about 300,000 square feef of sponge felt and
50,000 square feet of B5% magnesia are handled a year,

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

~ "They are not removed %o the lymphoid tissue but remain in contact
with the delicate walls of the air spaces. They becore surrounded by
an iron-containing coating that fractures snd glves rise to the pecu-
liar structures known as tasbestosis bodies!, The fibers are irri-
tating, perhaps because of their form, and they excite a fibrosis
which begins about the terminal bronchiocles 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 45 nothing in the pertinemt literature, nor does the Bureau of Mines
know of any evidence, which would demonstrate magnesite (& natural magnesium carbon-
ate) to be harmful. It would £8ll in the class of "nuisanse dusts®™ such as gypsum,
While many of the so-oalled "nuisanoe 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 a concentration exceeding 75 or 100 millions
of partioles per cublo foot of air.

During Such Qperastions? There is, of course, e wide variation in the amowt of insu-
lation work and the amownt of dust prodused., A few examples, however, will give a
good general ideas

INSULATING 12" STEAM LINES: 6" x 18" x 1-1/2" blooks of 85% mag-
negia are tied on the steam line with l4-gauge galvanized wire and
covered with roofing paper to make it waterproof, Often times this
work is performed on socaffolds twelve to fifteen feet above the ground,
with men lying on their backs under the line part of the time.
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Considereble dust (as high as 18,124,800 particles of less than ten
microns per cubic foot) results from tapping the blocks into place,
Samples taken during the entire operation had an average concentra-
tion of 6,881,760 particles per oubic foot., About 907 of these dust
partioles were slightly angular, crystalline in appearance and above
five microns or less in size (as seen wmder the Konimeter Microscope);
5% were rounded opagque, ten microns or more in size; and §% were
opaque scale=like, five microns or more in size, Samples taken while
applying asbestos sponge felt to a 12" steam line had & dust comcen-
tration as high as 23,788,800 particles of ten microns or less in
sire per cubic foot, The average was 12,574,080 particles per cubie
foot. These dust concentrations are considered too high for work-
ing without adequate protection.

INSULATING A 750-POUND CRACEING COIL ACCUMULATOR: 6" x 36" blocks
of Johns-Manville "Fire Felt" are first applied and plastered with
extra AA Rubberoid Asbestos Cement and waterproofed with Johns-
Manville "Insulkote", The dustiness of handling these materials has
been consideratly reduced since the manufacturers begen shipping the
"Fire Felt" in cardboard cartons containing thirteen or twenty
blocks, and the plaster in hundred-pound paper bags. Samples taken
during this operation had an average dust oconcentration of 4,502,880
perticles, ten microns or less in size per oubdec foot, About 76% of
these dust particles were slightly angular in appearance, five mi-

" erons or less in sire; 107% were soale-like; opaque; and 16% were
rod-like and fibrous.

INSULATING TREATING PLANT ACID SUCTION LINE: Sections of “"Sponge
Felt Pipe Cover" are cut to fit pipe lengths with an ordinary carpen-
terts hand saw, This operation produces on an average 821,280 par=
ticles of dust, ten microns or less in size, per cubic foot, Under
the Konimeter Mioroscope all of these particles are slightly engular,
crystalline in appearance, 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%
asbestos) held in place by fine copper wire, Sections of the tubing
are cut to fit particular areas by means of an ordinary carpenter's
hand saw, This produces 7,788,000 particles of dust, ten miorons or
less in size, per ocubic foot, Under the mioroscope, 90% of these
dust particles appeared to be rounded crystalline 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
avereges about 3,379,520 particles per oubic foot, Under the micro-
scope, epproximately 80% or 90% of the dust partioles appear crystal-
line, more or less angular, and five microns or less in sirze; the re-
maining 104 or more are rounded in appearance, and over ten microns
in size,

DISMANTLING OR REMOVING OLD INSULATION: As a general rule, the
dismantling or removal of old insulation is a more dusty operation
than the application of new insulation. The old insulation is chopped
or cut with a hatchet or small hand-axe, and pried loose and pulled
off with the hands, This produces dust concentrations as high as
6,890,560 particles, ten microns or less in size, per cubic foot, In
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dismantling an old cracking ooll 4" tar line, the average dust concen-
tretion was 2,322,240 partioles per cubic foot. In appearance these
particles were clear crystalline, rather rounded, and five microns or
less in size, No fibres were observed in any of the dust samples from
dismantling operations. After & 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 lnsulation is usually covered with a
weather-proof material which prevents absorption of molsture from the
air. -

d CRUSEING SCRAP ASBESTOS: Sorap asbestos imsulation, usually the
85% magnesia type, 1s crushed in & belt-driven Williems crusher to pass
through & screen with one-inch holes or slots, and is then mixed with
new asbestos to make insulating plaster. This operation, which is a
very dusty one, is performed by two men, with an average service credit
of about twelve years. Goggles and MSA, "Comfo" or Willson Dust Respi-
rators are worn. Considerable dust is produced in breaking up the
scrap insulation by hand prior to crushing (10,195,200 particles, ten
microns or less, per cubio foot), and alsc when feeding the crusher
which is done by shovelling the broken=up pieces into the hopper and
poking them down with a short wooden stick (14,839,680 particles per
cublic foot), Dust counts as high as 27,527,040 particles per cubic
foot were found in samples taken from over the hopper. These dust con-
centrations ere dangerously high, About 95% of these particles are
sharply angular, crystalline in appearance and five microns or less in
size; 5% are opaque sosle-like, six microns or more in size, Crushing
scrap asbestos is not a steady routine operation, the exposure varying
from eight hours & month to about twelve hours a week,

CRUSHING CLD CORK INSULATION: This operation is performed approxie
mately twice a year and takes about twenty or thirty minutes, The in-
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 partioles, ten microns or less in size per cubioc foot,
About 807 of the partioles are slightly angular, orystalline, in ap-
pearance, and five microns or less in size; 20% are round, semi-opaque,
ten miorons or more, There are also & large number of very small black
or dark grey specks,

IV . GUNITING OPERATION

What is Gunite and How is it Applied? -~ Gunite is a 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 a Gunite machine, using water under about 40-pounds per square inoh pressure and
compressed air at thirty to ninety pounds per square inch. It is applied umder pres-
sure, es a semi-fluid, against the surface to be protected (usually process equipment,
such as, orecking coil soaking drums and 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 orew, The indi-
vidual holding the gunite nozzle is provided with the same protection as is the
operator of the sand blast norzle, and the men tending the gunite machines are pro-
vided with respirators and are required to use them while actually handling the send
and cement, This involves mixing the materials and charging them into the maohines
(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 ocw fit.

Screening sand priortomixing with cement.. 2,493,160
MAxing batOl coeeevoeescosrecnccaneesneasss 1,699,20C
Shoveling mix into hopper.........ccecveee. 6,485,280

About 407 of the dust particles in samples taken while mixing the batch and
£411ing the hopper were crystalline, quartz-like in appearance, and about five mi-
crons in size. The remainder were dark grey in color and below one micron in size,
The dust particles in air coming out of the bottom manhole of & soaking drum being
gunited averaged 528,640 particles per cubic foot, and were slightly angular,
erystalline in appearance end four microns or less in size,

A gunite crew consists-uf 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 end 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,
Senples taken from inside & oracking coil tar separator during this operation hed as
high as 16,595,520 particles of dust, ten mlcrons or less in size, per oubic 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, gquartz-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
about twenty hours per week removing gunite linings from process equipment. An air
syphon provides ventilation, and the men are required to use the goggles and respira-
tors which are furnished them,

V - WELDING AND CUTTING OPERATIONS

Welding has never been considered a dust-produocing operation. Eowever, our
studies and those of others indicate that the use of the modern coated electrodes or
rods produces a large amount of dust in addition to the fumes which are evolved. An
electric arc 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 outting,

A « WELDING OPERATIONS:

1, ELECTRIC ARC WELDING: Electrioc arc welding is used an all types of con-
struction end repair work, The average service of the electric welders is
atout two years and most of them came fram the Labor Department, having
been developed into welders at the individual pleants, They are exposed to
particulate matter generated by the welding operation on an average of six
hours per shif't, nine shifts out of fourteen. This particulate matter is
ordinarily referred to as “"fumes or smokes". The particles when found

have & much smaller size range than that of dust, such as silica, With same
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
Hoviweld lens, Welding in shops is done in canvas or wooden booths, A
steam or air syphon is installed when auny arc welding is dane inside of olosed
vessels such as drums or towers,

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

What Do These Electrodes Contein and What Products Result From Their Use? 1In
general, the comtings used in modern coated welding electrodes are patented or trade
secrets, with special virtues attributed to each. Obviously, it is inadvisadle to
put into these ooatings materials which might produce products harmful to man,
Nevertheless, chemical enalyses of both the coatings and their products indicate that
the ocontinual use of same of these rods might possibly lead to camplicatiams.

Most of the arc welding at our affiliated plants is done with #5 Fleetweld
coated electrodes which come in two sizes (5/32" and 3/16") and with General Elec~
tric W-20 5/32" coated rods. Other rods sometimes used are 34 Stainweld EapS alloy
welding rod, 5/3¢" Stainweld A rods for stainless steel, and lurex"Kickel Steel coat=
ed rods. Among the constituents of some of these electrodes coatings are:

Per Cent,
Coated [Electrode Brand 54102 Fluorine Calcium Fluoride
"Fleetweld", Lincoln Electric Co..........30,28 - -
“Murex". American Metal & Thermite Co.....28,05 - -
"USS Cr-}4 18-8", Amer,Steel & Wire Co....37.20 - 14,50
"Steirweld", Lincoln Electric COivesevsess12,101 21,20 43,50
"Rezistel K-4=-25", Crucible Steel Co......24.03 13,40 present

A11 of the above coatings alsc contain Iron Oxide (Fep03) Menganese Oxide,
either Mnp0O3z or Mn0 or both, end Aluminum Oxide (A1203), in verying per=
centages.

The composition of the fluxes or coatings used in G & E types W=20, W22 and
W-23 is not available, but it is known that they contain amounts of free silicates
end free silica, According to determinations made by the General Electric Company,
the maximum concentration of free silice on any of their electrodes under a particular
set of conditions is 1,575,000 particles per cubic foot of air with W20, 778,000
with W-22, and 1,093,000 with W23 under other oonditions 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
elr,

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

Welding corrosion-resisting steel with coated corrosion-resisting steel eleo=
trodes forms a sleg, among the major constituents of whioh eret

"Stainweld" USS CR-Ni 18.8 "Rezistal

Fl\lorine (F)-o;ooooooo-otocq-no-cooooc 11.4%.-----.- 606%-.-.-----..14097’
Silica (Sioz).co--oco---.-cocAOooo"oc 25.1%....-u.38.5%.....uo..o13.370
Iron, Chromium and langanese OxideS.ee 22.3% cececee2802% uceonceeeslbe2d
calci‘m Oﬁ-de (C&O).-ooooc..o-......-. 50'7}';.00000002800%...‘00000026.7%

The major constituents of dusts separated from atmosphere by gravity and col-
lec=ed from the bottoms of welding chambers after welding corrosion-resisting steel
plates with coated corrosion-resisting steel welding rods are:
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"Stainweld"  USS CR-}1 18-8 “Rezistal"

Silica (Sio )....‘...".l.""l..". 11.0%'.'.'.'.. 19'6% e 88000 10.%
C&ICi\m nuoride (CaF )uooc-cocncuoc 40-5%0-00.--.. 1104% eeveocncas 23.4%
Oxides of Iron, Aluminum and Nickel, 30,2% .cceevee 52,1% cocecvss 36,6%

The following is an interesting camparison between the campositions of dust
formed when using bare mild steel eleotrodes and when using coated electrodes for
welding galvanized steel:

‘ Brand Bare Electrodes Coeted Electrodes
% ZIn0 | % FepOg % 2Zn0 % Feg03

"Fleetweld" 79, 2 20,0 67.5 31. 9

“"Wilson" 62.6 60, 6 78.8 2L 5

"Murex" 60.5 40,0 72.C 28,0

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

Ferric oxide (Fe23) which emanates from all welding arcs, regardless of the
type of coating, 1s disagreeable but not harmful. Concentrations of iron oxide of about
ten milligrams per cubic meter are seid to be entirely non-injurious to the respira-
tory organs.

Breathing the dense clouds of fumes of zinc oxide, formed when the zinc of the
galvanized coating is boiled off by the heat of the welding arc, ocauses what is com~
monly known as “"fume fever", This is evidenced by nausea followed by chills and wmn~
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 adequate to prevent fume fever,

What Is The Amount And What Are The Charecteristics of Dust Produced By The
Various Electric Arc Welding Operetions? There is a wide variation in the amount and
character of dust produced by different types of rods on different materisls under
different operating conditiona

FWME, OR DUST PRODUCED BY 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 6/32™ 20,050,560 | About 96% angular crystal-
Cross Coil Coated . line, § miorons or less in
Drum, size; 2% rounded semi-opaque,
’ 10 micrors or more in sizo,
Mild Steel G-E W=20 §/52" | 14,839,680 | About 807 rownd black or red-
Blanks Inside | Coated dishbrovm specks, 1 microns or
Bopth. less in size; 20% slightly angu-

lar orystalline, 10 microns or
less but mostly about Smicrons
and large number reddish brown
specks too small and numerous
te count,
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FIIE OR DUST PRODUCED BY ARC WELDING (Continued)

liateriel Being | Electrode | Size of Particles Characteristics of Dust
Welded Used Electrode | Per cu, ft, | Particles, (Sires and Per-
centages Estimated)
1/4" Boiler 75 Fleet- 5/32" 11,441,280 | About BOZeangular crystalline,
, Tlate Inside weld 3 micronsor less in size;
Rooth, Coated 10% round semi-opaque, 10
microns or more in size; 10%
opaque scale like, 10 mi-
crons or less in size. Count-
less number of minute par-
ticles, reddish brown smudge,
1-1/2" 11414 55 Fleel- 3/16" 119,861,793 | About 957 angular crystale-
Steel Txpan- weld - line, 3 microns or less in
sion Joint In~- | Coeted size; 5% rownded semi-opague,
side Rooth 10 microms or less. Cownt~
less number of particles
reddish brown smudge.
1/2" Rolled #5 Fleet- 3/16" 2,265,600 | All perticles 5 microns or
Steel weld ‘ less in size; about 103
(55,000% per Coated engular semi-opague.
sq. in. Tensile
strength) In-
slde 6+ro0t
2ie. drumneer
head of closel
end.
Welding Tlange | liurex 3/32" 2,756,480 All particles 2 micromns or
on 4" Steel Coated less in size; slightly
Line Pipe, In~ angular, glass-like; dark
side Booth, grey smudge,
5/8" Boiler #5 Fleet- 5/32" 490,880 About 75% round, metallio
“late Inside weld opaque, § microns in size;
Booth, Coated 25% semi-opaque, crystal-
line, Countless number of
mipute particles
Welding Rive |5 Fleet- 5/32" | 6,456,960 | Abowt 90% sharply angular
ets in weld . cerystalline, about 1micron .
Courtney Edze | Coated or less in size; 109
Inside Cruck- rounded semi-opaque, 5 mi-
ing Coil crons or more, Countless .
Soaking Irum, number of minute particles.
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FOE OR DUST PRODUCED BY ARC WELDING (Continued)

Material Being | Electrode | Size of Particles Characteristics of Dust
Welded Used Electrode | Per cu, ft, Partioles, (Sizes and Per-
centages Estimated)
18-6-Stainlesss Stainweld 5/32" 849,600 | About 60% slightly angular
Steel Bamd at A semi-opague, S microns or
Top of Soaking | Coated less in size; 20% rounded,
Drun Manhead over 10 microns; 20%
very gless-like, 10 mi-
crons or less,
~1/2" Boiler G=E W20 3/38" | 23,222,400 About 80% semi-opaque, red-
ate to.6" Coated dish brownrounded, crystel-
Pipe Inside line, S microns or less; 207
Bootkh, round globules of metal §
microns ormore in size,
Countless aunber of small
particles.
1/2" Boiler Roebling 5/32" |26,592,480 | About 90% black opague, 1
Plate to €" fron micronor less in size; 5%
Pipe Inside Rod roundedmetallic globular,
Booth. 6 microns or less; 5%slight-
ly angular, semi-opagque,
crystalline, 3 microms or
less, Countless number red-
dish brown particles.’
Back Welding Fleetweld 5/32" 362,496 About 95% black opaque
e Flange on metallic, 2 micromns or
6" Standard Coated less; 5% angularcrystalline,
Pipe in Out= § microns or less, Count-
side Welding less number of reddish
Shop. brown particles,
Back Welding Fleetweld 5/32" 1,000,640 About 95% black opeque
a Flange on = |#7 metallic, 2microns or
6" Standard Coated less; 5% angular cryste-
Pipe Inside lline, Smicrons or less.
Booth, Countless number of
black particles.
Welding Rive- Fleetweld 5/32" 6,253,056 About 95% angular erystal-
ets Inside #1 line, Smicrons or less,
Cracking Coated mostly around 2 microns;S5%

Coil Vapor=-
izer (1M3ild

Steel Alumi-
num Coated).

semi-opaque, round, 5 mi-
c¢rons, Countless number of
black particles.
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FOME OR DUST PRODUCED BY ARC WELDING (Continued)

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

Welding 2" Ring | Fleetweld 3/16" | 27,662,976 | A1l particles less than 2

on 1" Mild #1 microns, 70% rowmd, opaque;
,Steel Boiler Coated 30% slightly engular, crystal-
Plate line, Countless pumber of
Inside Booth. black particles, reddish
brown 'smudge.
111¢ Steel Stainweld 5/32" 2,605,440 | All particles black opaque,
Screp Plates A 2 microns or less in size,

Inside Sooth. Coated

KeoS Steel tainweld 5/32" | 12,460,800 | About 80% angular opague, 2
Inside A miorons or less; 20% slight-
Booth, Coated ly emgular crystelline, 5

microns or less. Countless
nurber tlack par<ticles,
brownish grey smudge.

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

"1t is apparent 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 eleotrodes, as is shown by the composition of these dusts".

What Physiological Effeect on Welders is Produced by The Use of Coated
Electrodes, According to a study “made by Doctors A.Te Dolig and “AP.G. NclLaughlin
on lungs of Electric Arc Welders (Lancet - V.20; 771 - 775 (April 4, 1936)), defi-
nite pulmonary lesions which gave rise to striking Xeray changes in the appearance
of the lungs were found in welders which had breathed +he dust or fume from coated
electrodes, Quoting Doctors Doig and McLaughlin:

"The electrodes or welding rods which contain a core of metal and an
outer covering are consumed gradunlly by the heat generated (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 contein gases such as nitrogen peroxide ané
ozone which ere formed by the action of an electrio spark on the air, The
camposition of the coverings of the electrodes or welding rods becomes, in
the circumstances, a matter of some importance. lMany substances, all of
viiich we do not propose to enumerate, are used, The basis of the majority
of the coverings is sodium silicate wrich acts as a flux. Again, the
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coverings of a certain type of electrode contain asbestos. The rods are
sometimes dipped in a mixture containing powdered asbestos and sodium sili-
ocate, or asbestos yarn is wound round the rod and fixed by sodium silicate,
In scme 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. McNair, H,}, Engineering In-
spector of Factories, has however had partial enalysis made of the fumes
evolved from an agbestos=covered electrode and some asbestos fibres were
found. When the particulate matter of the fumes was collected in anOwen's
dust~counter, it was seen that a large proportion consisted of iron oxidse
particles, with an occasional asbestos fibre,

"The X-ray appearances in the well-marked cases differ from the usual
picture of asbestosis, In none of the positive cases and in only one of
the suspicious cases was there any blurring of the diaphragmatic shadow,
and ir no case was the heart outlined blurred. The line of the interlo-
ber septum (& 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 ac-
centuated at the bases of the lungs, but on the contrary the upper lumg
fields appeer to be the earliest, and in established cases, most markedly
affected. Before asbestosis cen 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 same 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 msbestos, Merewether says that « tthe radiographic appearances of the
developed or advenced states of asbestosis are distinctive, although they
are not specific, While, as is the case with silicosis, certain radio=-
graphic appearances may be loocked upon as typicel of the disease, frequent-
ly modifications of and departure from the typical picture ocour!, The
X=ray appearances in our cases most closely resemble those of a fine sili-
ocosis, but the clinical features show two important differences. In the
first place, the electric welders whom we examined are all in good health
and are fit to work. The only symptoms observed were slight cough and
morning expectoration, and in the first case a small haemoptysis occurred,
This man has not been away from work even for a day sinoe he was first
seen in June, 1933, and his health at the present time is good. None of -

the men suffers from dyspnaes, Seoondly none of them has concamitant
pulmonary tuberculosis,

"Miliary tuberculosis can be ruled out of the differential diagno-
gls for clinical reasons, and to same extent on the radiological appear-
ances. None of the cases shows the dyspnaea, cysnosis, and tachycardia
of acute or subacute miliary tuberoulosis. Chronic or healed miliary
tuberculosis is rare and it is difficult to imagine that a condition of
such rarity would be found in 6 out of one group of 16 men, In the
X-ray films of the welders! chests the fine opacitlies 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-ray eppearances in this
serles of cases is that the inhalation of small quantities of nitrous
fumes together with the superadded effect of fine iror oxide dust might
set up small areas of chronic inflammatory change, conrestion, or fi-
brosis in the lungs., Again. the iron oxide particles might be opaque
to the X-rays and produce the picture without the associated presence
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7. OXY-ACETYLENE LLDING:

-3 T

Oxy-acetylene welding is more or less confined to

small repair jobs or to certain emergenoy operations where arc welding is not

available or prectical,

lar,

with #4 Noviweld leus,

Exposure of men doing welding is more or less irregu-
They usually wear American Optical Company or Willson Welding Goggles
The amount of dust proluced by oxy-acetylene welding

is consideradbly less than that caused by the use of coated elecirodes 3in arc
welding, ard varies considerably with the style tip and welding rod being
used as well as the material welded, es is shown by the following table:

DUST PRODPUCED BY OXY~ACETYLENE WELDING

Material Being |Yelding Rod | Tip Used | Particles Per | Charecteristics of Dust
Vielded ° Cu Ft. Particles (Sizes and Per-
centages Estimated)
Gelvarized Yorviey Airco 396,480 About 70% slightly angular,
lletal Eocd 5/32" 2 semi-opegue, greyish, 5 mi-
Welding Shop. crons or less; 20% rownced
semi-opaque, greyish crys—
talline, 10microns or morey
105 amorphous, scale-like;
10 microns or more in size.
1/4" x 2" Bar | Oxwelé cop- | Airco 509, 760 About 807 black opaque, 1
lron, ¥elding | perized #8 micronor less in sizejabout
Shop. steel 3/16" 207 rounded, crystalline;
5 micronsor less in size,
1/2" Boiler Oxweld cop- | Oxweld 1,019,620 About BO% round, semi-opaque,
Flate, Soft perized #6 5 microns or less in size;
Steel, Weld- | steel 1/8" 10% angular crystalline,
ing Shop. Cowntless mmber of small
bleck particles,

-1/8" Galvan- Oxweld cop- | Oxweld 1,359,360 About 807 rounded, semi~
ized Sheet perized 76 opaque, dark grey, 1 micron
iron, Weld- steel, or less insize; 10% slightly
ing Shop. 1/8" angular crystalline, 3mi-

crons or less; 10% sharply
angular crystalline, 5§ mi-
crons or less; countless
nunber of small dark grey
particles,
Ylelding Teeth | Simmons Saw | Aero= 1,472,640 About 98% round black opaque,
on Band Saw, Welding plane about 1l micron orless in
Rod, S/64" | size; 2% s1ightly angular,

crystalline, 3 microns or
less in size,

~ BURHING OR CUTTIIG OPERATIONS:

1, WITH GZY~ACETYLZNEZ:
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and the demolition of process equipment and works structures. It also plays
an 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 an 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 constructiorn). The emount: of dust pro-
duced is usually greater than that caused by oxy-acetylene welding,

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% round black, 2 microns
Flues (1-1/2" #2 or less in size; 20% slightly
thick) Out of angular, crystalline, 2 microns
Shell Still. or less; 5% opaque, scale~-like,
various sizes,
1/2" Boiler Oxweld |2,718,720 | About 9C semi-opaque, black, 2
Plate (soft w4 | microns or less 10% round, dark
steel) grey, over 5 microns in size.

2, WITH RATUPAL GAS: A large part of the buwrning or cutting at one of the
larger southern refineries is done with oxygen and naturul gas (60 pounds

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

- HEALTH HAZARLS PRCDUCED BY WELDING AND BURNING OPERATIONS:Although our
study was confined to the fumes or dust produced by Welding and Cutting opera-
tion the pbssibility of lead poisoning from welding or cutting iron plates
that have been previously coated with red lead shorld be pointed out. Lead
poisoning from this source is rather common, especially in cutting up old
sorap, bridges, tanks, and other iron strvctures that have through many years
of use reoelved protectlve 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
manganese vhich is very poisonous when taken into the body. There is an ap-
parent hazerd from volatiliring this material, or rather changing it to tho
oxide of manganese, and breathing the fumes produced, There are further dangers
from carbon monoxide and oxygen deficiency owing to the use of gas-cutting or
welding flames inside small tanks or similar confined spaces,

It is becoming more ard more recognized that persons engaged in cutting
and 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,
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VI - GRINDING OPERATIONS

Power grinders are perhaps the most universally used of the small power-
driven tools. The usual power grinder, commonly known as the emery wheel, consists
of a cast metal stand end two sbrasive wheels mounted on a through sheft which is
either belt or motor driven. There are also several grinding wheels, such as are
found on machine tool equipment where grinding takes the place of lathe and planer
work. All grinding operatiors produce dust to a greater or lesser degree, depending
on the composition and construction of the wheel, the material belng ground end 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 carbide which is made by heating a mix~
ture of guarte sené, coke and common salt in an electric furnace. The bauxite or
silicor carbide are crushed to the desired grein size, mixed with an adhesive sub=
stance celled a bond, and formed into wheels, discs, oones or.cylinders, There are °
mary wheels in which the binder is shellec, rubber, bakelite end other organic com-
pounds. Bauxite wheels are known in the shop as "Alundum" and "Aloxdiie", while
silicon cartide wheels are known as "Crystolon" and "Carborundum”. Alundum wheels
shoulé be used on material of low temsile strengths such as cast iron, bress, alumi-
nuz, copper and marble, -

is Abresive Dust Hermful? According to Dr. W. Irving Clerk in & paper read
at a meeting of Government Officials in Industry (Boston - May 21, 1931) the ertifi-
cal abrasives, eluzinur oxide and silicon carbide do not conteain free silica and
their dust canmnot produse silicosis, The dust, like any other inorganic dust, canm,
however, if breathed for a long period of time in large quartities, produce an X-ray
picture sinmilar to that of early silicosis, This picture ohanges very slightly us
yeers of exposure increese, and at no time are the nodules, characteristic of sili-
cosis, evident. Unlike silicosis, there is no progress in the process after expo-
cure ceases and there appears to be no marked physical disatility. Although there
is no silicosis, the X-rays do show signs of pneumoconlosis,

Carborundwm dust, chemicelly, is silicon carbide. According to Miller and
Sayers (U.S.Pub,Bealth Rep. Vol. 49 #3 of Jan. 19, 1834) carborundum dust when in-
Jected into the peritoneal cavity of guinea pigs produced no reaction and was termed

"inert". Dusts such es quertz and flint - silicosis producing dusts - produwced a
proliferative reaction, '

Leroy U, Gardner (U.S.Pub,Health Rep, Vol. §0 #21 of May 24, 1935) reports
that cartorundum produces practically no reaction whem inhaled by guinea pigs in
high ooncentrations over a period of time, Quoting from Dr. Gardner's erticle, the
part pertaining to carborundum dust:

"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 praoc-
tically no fibrosis,”

2

The Journal of the American Medicel Association (Notes and Queries 103, 1472,

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

"Cnly silica (Si02) is capable of inducing silicosis, but any other
mineral dust under conditions of prolonged and gross exposure may cause
some increase in pulmonmary fitrosis. If the relative potentisl harm of
silica is rated as 10C, these other non-toxic mineral dusts may 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
an effort should be made to keep the dust count below twenty million particles of
less than ten microns per cubic foot of air,

1, What are the More Frequently Used Types of Grinders, the Quantity and Character
of the Dust They Produce? The grinders most commonly found in the refineries and as-
sociated activities are:

A - TANDEM FLOOR TOQL 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 RAML. The type of wheel or grinding media selected depends upon the ma-
terial to be ground., Generally speaking, the wheels found in most of the machine
shops end wood working shops around our refineries used:

1-1/2" x 10" Norton Alundum (Grade P, Grit 46) wheels for
sharpening tools end for general service grinding.

1-1/2" to 3" x 14" Carborundum wheels for miscellanecus
grinding,

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

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

The amount of dust produced by the operation of tander 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 teken in the
breathing rone 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

Grinding Cast Iron on 2" x 12" Aloxite (46M Grit) Wheel......... 11,648,960
a Steel Sleeve on a 1/2" x 10" Carborundum Wheel....... 8,127,840

" " Hard Steel Chisel on a 5/8" x 8-1/2" Alundum Wheel.,.. 7,476,480
" " vomoy/em x 10" Carborwndum Wheel.. 1,670,880
L] n n n n LU 3/4" x 10" 906,240
" " Pneumatic Tool Steel Chisel on a 3-1/2"::14" Norton

Al\md\m (3836 - 0.5B) Whﬁel..-.................--.... 1,869,120
Chisel Bar on the seme wheel (3836 - 0,5B Alumdum).., 4,134,720
Tool Steel Chisel on a 1" x 10" Carborundum (Grain

46“) mleeloc...-o.---.'--1o.coco..'.......'-;-o'ononoo 2’5940112

3 2
2 2

" Tool Steel on a 2" x 14" Alundum (24 gra.in, grade Q) Wheel 396,480
" " v ownon u " (44 M) 1,019, 520
o ‘e Lathe Tool on a 1/2" x 12" ™ (Grade P) Wheele...... 339,840
" noom L " " | R) " ....... 1,381,040
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Operation (Continued)

wd]le

Particles per
cubic foot

Grinding a lathe Tocl on & 3" x 16" Carborundum (grit 30,grade K)

" Mild Steel on & 1-1/2" x 10" Alundun Wheelie.eeeroeeseas
v Steel Dies on m 3" x 14" Carborundum Wheel.e..esevecanss
Squaring Shemr Bludes on a 1-1/2" x16" CarborundumWheel,

Dust Produced By Operation of Tendem Floor Grinders,

Wheoliesesone 362,496
6,655,200
56,640

2,577,120

As would be expected,

there is a wide variation in the appearance of the dust particles under the Koni-

meter microscope.

These examples

however. will give an idea of the characteristics

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

Material Being Size of Characteristios of Dust Particles.
Ground Wheel Type of Wheel | (Sizes and Percentages tstimated)
1" % 3" Mild 1-1/2" x 10" |Alundum About 70% angular crystalline, b
teel Bar (crit 46, microns or less in size; 30% me-
Grade P) tallic shreds; 10% white opaque,
slightly enguler, over 10 microns;
many small black specks,

Tool Steel 2" x 14" Alundun vit- | About 90% angular crystalline, 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 mae rified (Grit microns or less in size; 407

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

above) in size.

Lathe Tool 3" x 16" Carborundum About 75% round, crystalline, 6
(6rit 30 microns in size; 25% slightly

Grade K) angular,

Chisel Bar 2-1/2x14" |Alundum Abvout 70% slightly angular, 3
(38360, 5B) micrans in size; 30% black,

opagque, metallio,

Pneunmatic 2+1/2" x14" [Alundum About 98% round, black. opague,

Hend Tool (3836=0, 5B) one micron or less im size,

Steel

Chisel

Lathe Tool 1-1/2" x12" |Alundum About 50% angular crystalline,
(Grade P) 2 miorons or less in size; 50%

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

Lathe Tocl 1-1/2" x12" {Alundum About T5% anguler crystalline,

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

above) round, black, metallic, 1 mi-
cron or less in size,
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DUST FRODUCED BY TANDEM FLOCR GRINDERS (Concluded)

Material Being Size of Characteristios of Dust Particles.

Grownd Wheel Type of Wheel (Siges and Percentages Estimated)
Cast Iron 2" x 12" | Aloxite About 857 sharply angular, orys-
(Grit 46, talline, 5 microns or less; 107

; Grade M) rounded angular crystalline, over

10 microns; 5% opague scale-like
metallic, 10 microns or less;
large number of black metallio
specks.

-

Where "hard" wheels are used for grinding sof't cast steel, about 98% of the dust par-
ticles are metallic and less than one-half micron in size.

With the exception of a very smell number of men who devote about 95% of
their working time to actual grinding, there is a very wide variation in the number
of men exposed end the length of such exposure to dust produced by the operation of
tandem floor tool grinders. In only one case was a respirator worn. Goggles have
been provided and their use required in most cases.

B - TANDEM BENCH GRINDERS: These grinders are small in size and are used for
sharpening small tools and light grinding. They are all motor driven and operate at
about 3400 R.P.M, Different grade wheels are used, usually 1-1/8" x 8" Carborundum
(Grain #80) on one side, end on the other a 1" x 8" Carborundum (Grair #90). The
amount of dust produced by the operation of tandem bench grinders varies with thema-
terial being ground and the composition of the wheel, but these average dust counts

are fairly representative:

Operation Particles per cu. ft,
Grinding Cold Chisel on 1-1/8" Grain #80 Carborundum Wheel.... 5,909,440
" WAt x gt " 490 " .... 8,401,600
" 1/2" Boiler Flate on 1" x- e"#so " M ... 12,460,800
1

Hard Steel Chisel on 5/8" x8-1/2" Alundum
(Grain 46 Grade P).'v!0'00..01..00.000.'.000

7,476,480

Dust particles in samples taken during the operation of the tendem bench
grinder have the following characteristics:

Material Being | Size of Charaecteristics of Dust Particles.
Ground Wheel | Type of Wheel (sizes and Percentages Estimated)
Medium Steel |1-1/2"x8" | Carborundum About 75% slightly argular crys-
Cold Chisel (#80 Grain) talline, 5 microns or less in
size; 20% round opaque, metallic,
one micron or less; 5% semi-
opaque, over 10 microns and look
like chips of glass.
Medium Steel 1" x 8" Carborundum About 80% round opague, 2 microns
Cold Chisel (#90 Grain) or less in size; 20% slightly angu-
(same tool as lar orystalline, § microns or
Above) less in size,
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DUST PRODUCED BY TANDEM BENCH GRINDERS (Concluded)

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

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

Steel Boiler (#90 Grein) 2 microns or less in size; 107

Plate (Taking - slightly angular orystalline, §

off ‘rough microns or less in size,

edges)

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

Chisel 8-1/2" (Grain .46, microns or.less in size; 15%

Grade P) rouded crystalline, 10 microns
or over, .

C - SINGLE FLOOR TOOL GRINDERS:

in use,

belt-driven (1250 RPM).

There are only a few single floor grinders
They rance in size from 1" x 10" motor-driven (1750 RPM) to 2-1/2" x 20"
The larger sire is used for heavy grinding such as blanks

and large tools; the smaller sizes for sharpening tools and miscellaneous grind-

ing.

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

For the smaller

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

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

Samples teken during the opera-

tion of Single Floor Grinders had dust counts as follows:

Operation

Particles per cu. f't.

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

(Grein 24, 6rade Q)ue.vsecececocsose

679,680

" Chisel on 1" x 10" Carborundum Wheel

(Grain 46, Grade M)eseecesrroecacass

2,594,112

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

Cerborundum Wheel (Grein 90)iecccces

4,451,904

The hoods which almost caompletely enclose these wheels act as practical dust collec=-

tors,

Dust particles produced by the foregoing grinding had these characteristics

when examined under the Konimeter microscopes

liaterial Being Sige of Charscteristics of Dust Particles.
Ground Wheel | Type of Wheel (Sizes and Percentages Estimated)
Hard Steel 1-1/2" x Alundum A1l particles were 2 microns or
Tool Bit 14" (Grain 24, less in size, About 60% were an~-
Grade Q) gular orystalline; 407% were
rounded opaque,
1/4" x 2" Mild |1" x 10" Carborundum | About 98%were black opaque, 2 mi-
Steel Bar (Grain 46, crons or less insize; 2% slightly
Grade M) anguler,5microns or less in size,
1/2"x4" 1314 2-1/2"x20" Carborundum | About 85%were slightly angular
Steel Bar (Grain 90) crystalline, 6§ microns or less in
sizejabout 157 black semi-opaque,
angylar metallic, 2 microns or
less in size,
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D « TNY'IRSAL SRIVDERS: As the name would indicate, universal 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 has
an operating speed of 3750 RFlL, and the Grand Rapids Universal Grinder which
operates at about 3850 RP. The following abrasive wheels are used:

1/2" x 5" Nortoa Co, 3846 J 5B Alundum wheel for grinding -
hardened carbon tool steel,

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

2" x 3-1/2" Carborundum Co, grit 401-7=25, type 12
Mloxite wheel for grinding case hardened steel,

1/4" x 10" Cerborundum Co. wheel used for cutting

1!: x 10“ Al " " " 1" sh&rpening
tocls, reamers, dies and drill bits,

Semples teken during the operatibn of the various Universal grinders hed
dust counts as follows:

Operation Particles per cu. ft

7]
—

Dressing 1/2" x 7" Alundum (3846 I 8B) Wheel with a

"Dimond Poin‘b“. ----- 0 0P 00 000000001000 00scsroestettotcctosa 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 I B3)evveccrecacssassasascccoccnasn 1,846,464
" Hardened Carbon Tool Steel on 1/2" x 5" Alundum Wheel
+(BB46 J BB)eeveraranesrevarnreoncacannan 6,683,520
" Case Hardened Steel on 2" x 3-1/2" Aloxite
(Grit 401 - P = 25 Type 2)euvevnnnns ceee 84,960
Cutting of’ Tool Steel with 1/4" x 10" Carborundw: Wheel.... 1,416,000

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

liaterial Seing | Size of Characteristics of Dust Particles
Ground Wheel Type of Whsel (Sizes and Percentages Estimated)
Dressing YWheel | 1/2" x 7" | Alundum About 80% slightly angular crys=-
With a (3846 1 8B) talline, About 3 microns in size;
"Diamond Point" - 20% black opague, round, about 1
micron or less in size,
High Speed 1/2" x 7| Alwndum About 60% opague 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 taken during the operation of Universal grinders
have these characteristics (Continued):

Materia) Being | Size of Characteristics of Dust Particles.
Ground Wheel Type of Wheel (Sizes and Percentages Estimated)
Hardened Car~ |1/2"x5" |Alundum About 30% angular crystalline,
‘boreted Steel (3846 J 5B) about 2 microns or less in size;
(Pipe Grip for 70% round black opaque, less than
Pipe Machine) 1 micron in size, Numerous dlack

specks too small to cownt., Several
large oblong black opague par=
ticles about 20 microns wide and
35 or 40 microns long.

Case Herdened |2 x3-1/2"| Aloxite 211 particles black opague, 1 mi-
Steel (Plunge- (Grit 401-P- cron or less in size,
ers for Fill- , 25 Type 12)

ing Hechine)

E - SURFACE GRIIDERS: Surfece grinders are used elmost exclusively on velves
end dies, They ere equipped with either 1/2" x 8" Norton Alundum (1946H) wheels or
1/2“ % 4" to 6" Carborundum (Aloxite) wheels., No dust collectors are provided, the
dust being thrown out into the atmosphere, Samples taken during the operation of
surface grinders had the following dust concentration (10 microns or less):

Operation Perticles per cu. ft.
Grinding Soft Cast Steel Valve on 1/2" x 6" Carborundum
Aloxite Wheel.ucvereerroaonvevroacasncans 566,400
" Tool Steel Die on 1/2" x 8" Alundum (1946H)
WHEELseeseeensanacsasncsnonaanncaonsnsses 1,019,620

Dressing Surface of 1/2" x 8" Alundum Wheel with a "Diemond
Point"'........'..'I'.'O....'..‘."..... 1'132'800

" About 707 of the particles from grinding the steel die ‘were metallic, 3 miw
crons or less, whereas 98% of the particles from grinding the soft steel valve were
metallic, Meny of the particles were too small to identify or count accurately.

F = LANDIS TOOL GRINDERS: Landis tool grinders are usually equipped with two
dirferent types of wheels, one for side grinding and the other the ordimary type,
1-1/2" x 12" Carborundum Aloxite (Grit 40, Grade H, Bond 33) is used for gemeral
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
D678 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 a
sewer., Suction is induced by a stream of compressed air from a half-inch pipe in-
serted in the two-inch pipe just back of the hand., This arrangement acts as & sy=
phon and pulls the dust away from the person using the grinder, Semples taeken dur=
ing the operation of -Landis tool grinders had dust concentrations as follows:
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Qperation DParticles per cu. fit.
Dressing 1-1/2" x 12" Aloxite Wheel (Grit 40,Grade H,
Bond 83)esecececancnnsne 226,560

(Evidently particles in the cloud of dust thrown off by
the 2-=1/2" x 6" Meteall Emery Wheel Dresser are larger
than 30 microns in size) '
Gripding "Diemond Point™ Chisel on 1-1/2" x 12" Aloxite Wheel )
(Grit 40, GTAdO H)eeevvsosvserrocsarorrsrcoscrrososcancocesss 2,067,360
,Grinding 2-1/2" x 6" Landis die on 2-1/2" x 1-1/2" x 12"
Aloxite Wheel (Grit 4BA«P PBT8)i.cvrrvceioavsorcastacsanvee 755,203

Urder the Korimeter microscope dust particles in semples taken while dressing
the 1-1/2" x 12" Aloxite Wnesl appeared slightly angular with a yellowish tinge and
were five microns or less in size., About 75% of the particles from grinding the
Lendis die were round, opaque, and less than 1 micron in size; 25% were slightly
angular crystalline, less than 2 microns. -Particles from grinding the diamond point
chisel were less quartz-like than those from grinding the die, This difference is,
of course, due to difference in the composition of the two wheels, On en average,
Landis tool grinders are used about twenty hours a week, usually 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" Carbormdum Aloxite (Grit 30, Grade M, Bond 28)
Wheel, Operating speed 1735 RRL, On an 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 ieken during the grinding of a 2-5/16“ high speed drill had an ave=-
rage .of 1,000,829 particles, ten microns or less, per cubic foot, About 70% of these
dust particles are slightly crystalline in appearance, five microné or less'in size;
30% were rounded, semi-opaque, over ten microns in sire, There were also a few
small metallic shreds, No exhaust or dust collector is used in this grinding.

E - AUTOMATIC CIRCULAR SAW SHARPENING MACHINE: There are a number of these
grinders in use in the wood working operations - 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 operation, 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., Automatic Circular Saw
Sharpening Machines ere equipped with 1/4" x 8" Norton Alundun Wheels (Grain 60,
Grade N), 3/.8" x 8" Norton Alundum (1948 M) wheels, or 1/2" x 6" Carborundum wheels,
The average dust produced during operation of these machines is:

Wheol Particles per cu. ft.

1/2" x 6" CArbOrUDAUWm euevueeereerncrernsceencssoancasoaness 1,923,280
1/4% x 12" " feceetiectarcasetcsrctertserannssacaenas 3,568,820
3/8" x 8" A1undun (1946M)eeeeeneececornenasnnncnsnsenanesss 2,095,680
1/4" x 8" " (Grain 60, Grade N)..uiveeeveeeeraseenasos 1,461,812

About 98% of dust particles in samples taken while sharpening circuler saws
on the Carborundum wheels were black metallic in appearance, and one micron or less
in size. About 75% of the particles from the Alundum wheels were rounded crystale
line, § miorons 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 Bangd Saw has been inserted and the
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machine 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 a lietcalf Emery Y“heel Dresser about twice a day. The average dust produced by
this dressing operation is 2,284,480 partiocles less than ten microns per cubic foot.
About 95% of these dust particles are sharply angular crystalline in appearance
under the EKonimeter microscope, and about five microns or less in size. The dust
produced during the sharpening or grinding of the band saw blede is on an average
only 877,920 particles per cubic foot. About 507 of these perticles appear angular
crystelline and about 6507 round black opague, All of them are about two microns or
less in sirze,

J « AUTOMATIC BAND SAW LAP GRINDER: TUsed to grind ends of band saw prepara-
tory to welding them together. The grinding wheel usually used is 5/8" x 10" Grain
46, Grade li, Norton Company Alundum, No dust collector is provided although e dust
cownt as high as 16,142,400 particles, ten microns or less, was found in one semple
teker in Zront of the wneel while it was in operation. The average dust produced
by this lep grinder was 4,984,320 particles per cubic” foot. About BO% of these dust
particles were semi-opague, slightly anguler in appearance, and two microns or less
in sire; 207 were black opague, about ome micron or less in size,

K - PLANING KXIFE BLADE GRIIDER: Uses e 1/2" x 8" Grain 46, Grade N, Norton
Cazpery Llundum wheel. Operating speed 3000 RFM. No hood or eny other protection,
Averege dust produced while sherpening e Flener Knife Blade was 566,400 particles,
ten microns or less per cubic foot., About 607 of these dust particles were slight-
ly engular 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 - LINDZRKAL CUTTER GRINDER: Sharpens cutters from the Linderman mechine
for tongueing and grooving, Grinder uses = 1/2" x 6" Norton Alundum (Grain 60,Grade
1) cup wheel. Operating speed 3000 RFM. There is & hood puard over the top of the
grinding wheel, but no exhaust or dust collector, although dust counts as high as
14,386,560 particles, ten microns or less, were found at the front of the grinder in
operation, eand 12,574,080 particles per cublc foot in the backs The average dust
procuced was 9,137,920 particles per cubic foot. About 70% of these dust particles
are roucd sezi-opecue in eppeerance 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 end 20 to 30 microns long.
There are many minute erystalline particles too small and too nmumerous to count ace
curately,

M - GANG SAW BLADE GRINDER: Uses a 8/8" x 10" Grain 50, Grade M, Norton
Canpany Alundrum wheel, operating at 1800 RPM, A rather crude dust colleotor has
been installed, but the average dust (8,760,320 particles per cubic foot) produced
by this grinder in operation indicates that it is inadequate, About 90% of the
dust particles in samples teken during the grinding of a Gang Saw Blade were semi-
opaque in appearance and about two microms or less in size; 10% were black round,
opaque, one micron or less in size, There were numerous minute black specks too
small to count accurately. ’ :

N - EDGER SAW GRIMDER: Uses a 3/8" x 8" Grain 60, Grade N, Norton Company
Alundum wheel, operating at 1650 RPM. No hood or any other dust collector for this
grinder, The low dust count, en average of only 453,120 particles, ten miorons or
less per cubic foot, indicates that there is very little real need for such equip-
nment, The dust particles produced vhile grinding an Edger Saw Blade are snguler
erystalline, about two microns or less in size, .

O - CIRCULAR SLAB CUT-OFF SAW GRIIIDER: Uses 'a 3/4" x 10" Grain X, Norton
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Company Alundum wheel operating at 1650 RPM. 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 B80% of the dust particles in semples
taken during the sharpening of a Circuler Slab Cut-off Saw were opaque in eppearance,
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 a 1~1/2" x 24" Carborundum wheel operating at
300 RFM, This grinder is completely enclosed by a metal hood, but the dust is dis-
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 under
the Konimeter microscope and four microns or less in size; 25% were round, black
opaque, two microns or less in size,

Q - CUITTER GRINDER:» 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 grownd as” is
showvn by the following:

Grinding a steel counter sink............ 735,320 particles per cu, f¥t.
A " w reamer,cqevee .....‘._.-...1,019,520 " " " w

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 gemerally agree (Jour, Indust, Hyg, Vol, VII No, 8 August 1925
P. 351) that workers who habitually use grinding wheels will run but slight risk of
developing pneumoconiosis if they use certified abrasive rather than sandstone wheels
for all grinding operetions and if the machines upon which the artificial abrasive
wheels are mounted are properly hooded end excessive dust removed by sustion.

Cortrol of Dust From 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 dut
also act to protect the worker in case the wheel bursts, The chief difficulty to be
overcame in grinding wheels, .according to U, S, Public Health Bulletin No, 217, “The
Determination and Control of Industrial Dust" (1936), is the outward sweep of air, &
fan action, due to the revolving wheel. This effect is very marked with high speed
end rough wheels and 1s so strong that in many instances it is sufficient to counter-
act the normal inward flow of eir., The. same effect exists with polishing and buffing
wheels but to a less marked degree,

Practically all industrial States have oodes regulating the construction and
dust comnnections for grinding, polishing aund buffing wheels, They also regulate the
air required for wheels of various sizes in terms of static suction in the connect-~
ing ducts. These oodes possess no wmiformity, However, the requirements designat-
ed by State codes must be followed, In States where no codes have been adopted it
i5 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
RP1), 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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£lundum (Grit 46. Grade P) wheel while a tool was being sharpened had en average of
2,076,989 particles per cublic foot which would have otherwise been thrown into the
machine shop atmosphere.

As pointed out by Dr. W, Irving Clark in his paper "Dust Hazards and the Pre=
vention of Injury from the Same" read at a meeting of Government Officiels in Indus.-
try at Boston, lass, on May 21, 1931, the most effective method of removing fine
particles of dust is by suction applied a5 close as possible to the point where they
are genereted and the amount of this suction is great enough to overcome the dis-
persing ‘ection upon the dust of the work being done, The velocity at the air ducts
of dn efficient dust removing tube should be 1500 linear feet per minute., Quoting
Dr. Clark:

"I'o matter how well a workmen is protected he chould be kept under
medicel supervision end have & periodio examination of his heart
and lungs, In addition, the X-ray should be employed freely in
order to detect.,early signs of fibrosis in the lumgs and to show
ary signs of early pulmonary tuberculosis, In my experience with
workers exposed to inorganic dust, non-silicous in cheracter, a
ycarly physical examination with an X-ray every second yeer after
ten yeers exposure is sufficient but it must be remembered that
thris is the result of work in a factory where the character of
the dust is relatively hermless and where excellent dust remov-
ing devices are installed¢ on every machine where it is possible,
VWhere free silica is present in large guantities the examinations
hould begin after two or three years exposure and an X-ray should
be taken every year.

Dr. Clark 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 emount of powdered or pulverired materials are used in the treatment
of petroleum products and boiler water and in the manufacture of greases end insecw
ticides. In most cases epproved respiratory protection is provided and its use re-
quired when handling the materials. Exposure to dust is usuelly intermittent end 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 muoh lesser de=
gree as lump quicklime,

1. Hydrated Lime: Used in the preparation of lime soap grease and the manu-
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 railroed, usual-
ly about 1,000 bags to & oar. Aocording to a chemical analysis of a typicael
sample, hydrated lime contains:

Fezosﬂzos....uu... o. 30 Per Oe!ﬂ:.
ca 000000000000-l000073l64

rlgc.t...u-...tl..c... 0‘93 “ “
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 usually opened and dumped into the mixing kettle., Con-
gidersble dust (as high as 34,890,240 particles less than ten microns per cu-
bic foot -in one semmple) 43 produced by this operation. The average dust pro-
duced is 8,733,305 particles per cubic foot and the average exposure per batch
ig about five minutes, The number of batches made per week varies fram one to
twenty-five., No respirators are worn by men dumping hydrated lime at any of
the points where it 4s used with the exception of Baton Rouge where the wear=
ing of <the }MSA Comfo” respirator is required. About 85% of the dust particles
in samples taken while dumping lime in mixing kettles are slightly angular,

? glightly opague, orystalline, in appearance under the Konimeter microscope,and
five microns or less in size; 16% are rounded, semi-opaque, with a metellic
greyish coler, ten microns or over. There are also a countless number of very
small particles,

Only @ &mall quantity of Hydrated Lime is used in the treatment of boiler
feedwnter. Abput 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 weer Willson
"Dust-tite" respirators while dumping lime, The average dust produced curing
this operation is only 657,024 particles, ten microns or less, per cubic foot.
This low dust concentration is the result of a spray of water from a two inoh
pipe across the hateh of the mixing tank just below the opening while sacks are
being dumped. Consequently, the material is wet almost as soon as the lime is
introduced. Abowt 95% of *he dust particles in samples taken while the lime
was being dumped into the mixing tank were semiwangular crystalline in appear-
ance, and from five microns or less in size, and 5% were round opaque, two mi-
orons or less in size,

2, Ymmp Quicklimo: Dbed to "soften™ boller feedwater. The lime used for this
purpose is Oyster Shell Lump Quicklime (97% CaO). 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 end mixing requires about ten minutes per betch,
and the man doing this work is proteoted by rubber type goggles, but no respi-
rator. The average dust produced by handling the bags of lump Oyster Shell
Quioklime is 2,605,440 particles per cubic foot. The average dust produced
while dumping the bags of lump Oyster Shell Quicklime into the mixing tank is
294,528 particles, less then ten microns, per cubic foot. The. handling end
durping of this Oyster Shell Quicklime produces less dust than is produced by
the hydrated lime usually used, About 95% of the dust particles in samples
taken during the dumping of Oyster Shell Quioklime into the mixing kettle ap-
pear slightly angular, crystalline under the Konimeter microscope, and are five
miorons or less in size; 2% ere round, semi-opaque, over ten microns in sizej
and 3% are black opaque scale-like, five microns or less in size,

What Physilopienl Effect is Produced by Lime Dust? According to the Inter-
rational Labor Office (Ocoupation and Health, Vol, II, 1934) particles of lime mix
with the sweat of workmen handling it end irritate the uncovered pores of the
skin; lesions of the mucous membranes are also set up, We are told that:

"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 earths, Quicklime exerts essentially a local aotion
(on the skin and mucous membranes) irritating and caustic, which
is naturally less marked in the case of slaked lime, Milk of
lime is a feeble caustic aoting only or the mucous membranes.
The dilute lyes are only caustic to the skin after prolonged ao-
tior and especially when they are warn,
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"In practice it is the dust of quicklime and sleked lime, given
off in the course of manufacture and manipulation, whick gives
rise to the well known lesions. This very fine dust is deposit-
ed readily on the mucous membranes and skin, When inhaled it
may penetrate as far as the respiratory tract,"

Although lime has a tendency to irritate the mucous mexbranes of the respira-
tory tract, it is not considered particularly harerdous when breathed in small
quantities at intermittent intervals, However, complications may result when a
large amount of the dust is breathed more or less regularly., Therefore, it is
desiratle to wear an approved respirator such as the MSA “Comfo" or the Willson
"Dust-tite",

B - DMETALLIC ZINC LUST: Metallic zinc dust (90% through 300 mesh) is an important
coastituent in Pipe Thread Coating Compound. About 1500 pounds of this material is
vsed per baich, and about {ifty batches are made per month., The zinc dust comes in
400 pound wooden kegs or 500 pound steel drums, According to a chemwical analysis,
this zino dust is 9S.20%metallic zinc and O, 80% zinc oxide (ZnC), The particle size
distribution of a typicel sample as determined by a standard screen analysis is:

A1l through 120 mesh screen

3. 76% retained on 200 mesh
2,04% " " o280 "
22' 24% L " 325 "

The zinc dust is dumped from the keg or drum onto a metal sheet in front of the ket~
tle and shoveled into the kettle by two or three men (with an average service of
about three months) from the General Lebor Department. This is a very dusty opera-
tion, Cne 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 workmen are exposed to this dust
about thirty minutes per batoh or approximately 2-1/2 hours per month. They wear
dust respirators. About 95% of these dust particles are dark grey, opaque, angular
in appearance under the Korimeter microscope, and about five microns or less in
size; 5% appear slightly angular, crystalline, ten micrens or less in size, The
cerystelline material is probatly zinc oxide, '

What Physiolopicel Effect is Produced by Zino Dust? Although zinc oxide (2n0)
produces definite physiological effects, metallic zinc dust does not seem to affect
the person breatl:ing it other than that caused by the inhalation of any inert dust,
Nevertheless some investigators are of the opiniom that zinc is not entirely inert
and harrless. Certainly it is not as harmful es lead or arsenio, but the United
States Public Health Service has certain limitations on the amount of zinc that is
permitted in drinking water. According to Nuck, E., Remy, and F. Foltzmann (Jour,
Indust. Hyg., Vol.12, 1230, page 171 Ab.) Zinc dust can cause lung troudble after
being inhaled in large quantities, Zinc.dust is also very definitely explosive,

C - ASBDESTOS "FLOLT": Float asbestos is used in the manufacture of tractor lubri-
cants., It cames in 150 pound cloth bags by railroad, ebout 2000 bdbags to & car,

From 200 to 3000 pounds are used per batch and from two to fifteen batches are made
per month. The bags of asbestos float are dumped imbto the mixing kettle by three
men vwith an average service of twelve years. These laborers are exposed to dust
about forty minutes per batch. Dust concentration as high as 8,269,440 particles,
tex nicrons or less in size, per cubic foot are produced during the dumping of as=
bestos float, the average being 3,058,560 particles per cubic foot, About 98% of
these particles ere slightly anguler, round, 4rensparent in appeerance under the
Eorinmeter =icroscope. and two microns or less in site; 27 are rowund, sani-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 originally 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 regquired to wear approved respi-
rators.

D - GROUND MICA: Ground mica (80 mesh) is used in the manufacture of axle grease,
It comes in 100 pownd burlep bags. About fifty pounds of grourd mica is used per
batck and an average of five batches are made per month. The period of exposurs:
will not exceed ten minutes a batch., Handling ground mica 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 appearance under the
Konimeter microscope, and five microns or less in size; about 407 are over ten mi-
crons in size, The transparent plates have small lines or fissures end appear to
contain small air bubbles,

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

E ~ SULPHUR: Sulphur flour is used for sulphurizing cutting oils and in the
preparation of special lubricants for hypoid gears. Crude sulphur is used ir the
manufacture of sulphuric acid and in the treatment of gasoline and naphtha for re-
movel of impurities such as the mercaptans,

Sulvhur Flours Sulphur flour comes in paper-lined woocden barrels, 100=pound
oloth bags, or 150-pound burlap bags. About 25C0 pounds of this sulphur is
dumped into the melting kettle by two men with an average service of twelve
years, once & day. Their exposure to the dust which results from handling
end dumping the bags, an average of 1,540,608 particles, ten microns or
less, per cubic foot, is about fifteen minutes per man per shift onean ave=
rage., No goggles or respirators are worn. About 90% of the dust particles
in samples taken during the dumping of the sulphur flour were slightly angu-
lar crystalline in appearance under the Konimeter microsoope, end five mi-
crons or less in size; 10% were semi-opaque, rounded, and over five micronms
in size. The larger particles appear to contain small air bubbles, There
were also a 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 tlhe sulphur dust i1s only about two hours per week on an
average. Since the sulphur is dumped into drums of oil being agitated by
a rapidly revolving propeller type mixer more dust is produced than where
the bags are simply dumped into a kettle, Samples taken during this opera-
tion had as high as 6,910,080 particles, ten miorons or less in size, per
oubic foot, The average was 3,783,552 particles per cubio foot. The dust
particles had the same characteristics as those given in the preceding

paragraph,

Crude Suiphur: Crude sulphur comes in box cars holding about 90,000 pounds,
usually fron reeport, Texas. Towers are filled with this sulphur by four
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men with an average service of eight years, It requires about two hours to
£411 a tower with sbout 10,000 poumnds 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 breaking up the lumps (4,304,640 particles, ten mi-
orons or less, per cubic foot) and shoveling the crude sulphur into the tower
elevator (an average of 3,357,640 particles per cubic foot). The emount of
dust produced by this operation is socmewhat 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 crystalline in appearance under the Konimeter microscope and five microns
or less in size; 35% were rounded semi-opaque, ten microns or over in sire; and
.6% were opaque soale like, between five and twelve micrans in size,

Sulphur dust particles are explosive.but otherwise are not cansidered hararde
ous any more than emy of the other "nuisance" dusts, although they will irritate the
mucous membranes and the eyes after slight exposure, Consequently, it is advis-
aEle to weer rubber type goggles and approved respirators, such as the MSA Camfo
type.

In an erticle by Aldo Cestari (Arch. Intern. Pharmacodynsmie, 1933, vol. 46,
pp. 800-314) it is stated: .
"Intratracheal injection of sulfur suspensions brings about ex~-
cretion of hydrogen sulfide in a period of 50 hours. There are
slight exudative and infiltrative reactions in the lungs. It
is supposed that a substance similar to glutathione reduces the
sulfur to hydrogen sulfide,"

F « LITBARGE: Litharge ig added to the Plumbite or "Doctor" Solution to assist in
the removel of mercaptans, other sulphur compounds and unsaturated hydrocarbons fram
gasoline and naphtha, Fream one to five 600-pound drums of litharge are used in a
batoh, depending upon the stook to be treated and the condition of the "Doctor So~-
lution®™, The litharge is removed from the drum a shovel at a time, and about fifteen
miputes are required to dump one batch, A batoh is made once a week on an average,
The avereage 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 litharge is done in the open air on a platform at the tops of the
solution tanks, )

The &verage dust produced during the dumping or shoveling of litharge into
the solution tank is 3,077,480 particles, ten miorons or less in sire, per oudio
foot, although there were as high as 9,288,960 particles per oublc foot during the
operation, A rough estimation of this litharge concentration indicates the presence
of from five to fifteen milligrems of lead per ten cubic meters ~ the amount that an
average person doing moderate work would breathe in one day. This is in excess of
1.5 milligrams in ten cubic meters which is the maximm allowable limit set by the
United States Public Health Service, About 80% of these dust particles were.rounded
transparent, orystalline in appearance under the Konimeter microscope, and five mie
oerons or less in size; mbout 15% were over ten microns and appeared to contein small
air bubbles; 5% were dark opagque scele-like, from five to ten microns in sire,

Necessary Precautionary Measures When Handling Litharge, Litharge is a come
pound of lead, and oonsequently there is the possibility of lead poisoning unless &
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 Mediocal Department re-
quire that:
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"1, No employee shall handle litharge until he has been examined
and certified as physically qualified by the Company Doctor,

"2, Pmployees must be sent to the Company Doctor for physical ex-
amination at least every six months or at the first sign of
i11 health.

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

"4, Clothing - Unionalls, caps or scme head covering and gauntlet
gloves shall be worn when hendling litharge. Upon the cample-
tion of this operatign the outer oclothing must -be. removed and
placed in a locker used for this purpose only. Unionalls
should be washed at least once a week.

"5, Bathing and locker fecilities -~ A conveniently located locker
end was h room shall be designated for use of amployees hand-
ling litharge. Seperate lockers should be provided for street
clothes, work clothes, and one for Unlonslls worn when hand-
ling litharge, In plents where men are handling litharge
throughout the shift, only two lockers need be provided. The
floors of the looker roams where the men change their dust
covered Unionalls and the benches shall be thoroughly moisten-
ed before being cleaned,

"8, Personal cleanliness - General personal cleanliness is of first
irportance,

(a) Hands 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 nsils so
as to remove any litharge.

(b) Never eat until litharge covered olothing has been removed
and the hands weshed.,

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

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

(e) Never use tobaoco in any form while working in and arocund
litharge, "

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

G - GSODA ASH: Soda ash (68% Na.ao) is used to form a solution for neutralizing acid
“oil, Thirty 200-pownd cloth bags of sode ash are dumped into a tank of water per
batch by six men, with an average service of five years, from the Genmeral Labor De-
partment; three batches a week, DMen exposed to dust resulting from opening and
dumping the bags of soda ash about five hours a week. Eight men spend about half e
day a month unloading bags from railroad box cars, The men vho do the unloading
wear MSA Comfo respirators and are not the same men as those doing the mixing who do
not wear any respirators or goggles. The average dust produced by the dumping and
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mixing operation is 1,003,337 partioles, less than ten microms, per cubic foot of
air, These particles are all slightly angular, crystalline in appearance under the
Eonimeter mioroscope and about five miorons in size, Many are transparent, glass
1ike., There are a number of small black specks.

H -~ TALC or “SOAPSTONE": Pulverized talc or "soapstone" is used as a filler in the
manufacture of "hot neck" greases used in the steel mills, According to R B, Ladoo
(U.S, Bureau of Mines Bul, No. 213, 1919) ordinary talc or soapstone is Steatite
(hydrous magnesium silicate = HzMg3z(Si03)4). In the form of powder, the talc is
greyish white. Associante Chemist Frederick Goldman of the U,S, Bureau of Mines, who
made a chemical enalysis of samples of talc as marketed, reports:

S402..¢veecvcececss 46,04 per cent
C80iuivveeancsasene 4,39 " "
“803'00000.0....... 26.20 " "
Combined Oxides,....15.64 " n

Grease makers usually consider the composition of "soapstone” which they use es ap-
proximetely 90% magnesium silicate and 107% celcium carbonate, It comes in 90-pound
paper bags, 700 bags to a box car, About 7200 pounds are used per batch and ome
batch is made a day on an average. The "soapstone" is dumped into the mixing kettle
by two men with en average service of ten years. This dumping which requiresabout
an hour per batch is & rather dusty operatlon. One sample taken 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 air, The average dust produced was 13,064,960 dust par-
ticles per cubic foot, About 98% of these dust particles were transparent, crystal-
line, irregularly shaped plates and rods, in appearence under the Konimeter micro-
scope. lost of these particles (about 96%) were five microns or less in size, the
remeinder being ten microns or over; about 2% were scale-~like, semi-opague, five mi-
erons or less in sige,

Physliological Effects Produced By Tale Dusts, About two years ago Dr, W, C.
Dreessen, Passed Assistant Surgeon, and J. M. Dalla Valle, Assistant Sanitery Engi-
neer, United States Public.Health Service, made a study to ascertain whether there
is a comnectioxn between talc dust exposure aud the relatively high tuberculosis
death rate in Murrey County, Georgia, where two telc mills and mines ere located,
They found (Reprint No. 1669 from the Public Health Reports Vol. 50, No. 5, Feb, 1,
1935, pages 131-143):

"Physical and roentgenologic examinations 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., 8ix of the
thirteen exemined 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 ocnclusion of this study was that although Georgia talsc eppears to be "more
injurious than tremolite talec" the high tuberculosis mortality rate in the County
"oould not be attributed to the talo 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 lees in site, per cubic foot of air,

L - GRAPEITE: Powdered graphitez(ao;z to 85% gravhitic carbon and 15% probably
magnesiurm silicate) is used in the manufacture of spring and pressure Jubricants. It
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ocomes in metel érmums or 100-pound paper lined bags. About 370C pounds of powdered
graphite is used per batch and one batch is maede 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 about forty minutes per batch per man on an average.
Three men are usually engaged in this dumping, They wear respirators while hend-
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 angular, black opague; amorphous,
sooty or derk grey in appeearance under the Konimeter microscope, and three microns
or‘less in size,

J - SLATE FLOUR: Slete flour (300 mesh) gives rigidity to asphalt on "fast sur- -
faces" such as steep roofs and pipe lines, and prevents its running off. It slso
produces cdesiradble 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
st111 which averages about 800 barrels of steam reduced amsphalt, Since the slate
flour is introduced by the use of closed pipe lines and centrifugal pumps, the only
dust produced is that which results during the unloading of the sacks and dumping
them into the hopper, The slate flour comes in 50-pound paper bags, 750 bags to &
railroad box car. Four men with an average service of about a year, open the bags
and éump the slate flour directly into & hopper from which it-is siphoned by com-
pressed air to a storege tank holding about 15 tons. About four carloads a month
are received and 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 quarter
period, The men wear MSA Camfo respirators, A soreen analysis of this slate flour
showed that 99, 7% passed through a 200 mesh screen and 96, 8% through a 325 mesh
screen, Due to the fineness of slate flour and its low bulk density (1.04) oon-
siderable dust. an average of 12,007,680 particles, ten microns or less in sige,
per cubic foot of air, end 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, transparenmt, crystalline in appearance
under the Konimeter mioroscope, 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 a large number of small black particles,

A petrographic examination made of a slate flour semple at the United States
Bureau ¢! Mines Experiment Station in Pittsburgh, Pennsylvania showed that it con-
tained more than 1% Quartz (5i02), 30% Sericite (Kp0-3A1p03-6 SiOp=2Hp0), 40%
opaque and 300 five different unidentified constituents. A chemical analysis of
slate granules and flour (Jour, Indust,Byg.Vol. XV, ,No,2,Mar,1933,p.67) reports these
constituents:

Silicon Dioxide ceeceese 69, 277‘ Magnesi\m 0xidBesccesae e 21%
Titenium Dioxide........ O, 99% Potessium Oxide........3. 75%
Aluninum Oxdide,........q18,81% Sodium Oxide.ceecesyo.els 88%
Ferric Oxide,........... L12% Water below 110°C. ....0.32%
Ferrous Oxide ,......... 6,58% " above " ,.....3.98%
Managanous Oxide.oe..... O,13% Phosphoric Oxide..,....0.11%
Calcium Oxide,.ecoc.vees 0,42% ° Cerbon Dioxide.........0.21%
Barium Oxide,........... 0,05% Ferric Sulphide........0.15%

Specifio Gravity - 2,796
"The silicon found, though expressed in the chemical analysis as
silicon diorxide, is not differentiated chemically as to the

forns present in the original minerals, whether free silice or
silicate.”
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Effect of Slate Flour on The Lungs = In his paper "Effects of Certain Silicate
Dusts in the Lungs" read before the Industrial Hygiene Section of the American Public’
dealth Association at Washington, D.C. on October 27, 1932, Dr. Waldemar €, Dreessen
of the United States Public Health Service, reporting the results of his studies of
workers exposed to slate dust, wrote:

"0f the 48 cases of pneumoconiosis observed, all were in the first
stage except 5§ cases. In general, the pneumoconiosis observed in
the early or first stage cases resembled that induced by cement
‘ dust, The bronchial striations, however, were someshat more promi-

' nent. There was always a moderate bilateral increese in the size
and density of the hllar shadows with accentuations of bronchial
striations which extended well out into each lung field. The
linear strietions seemed “"softer"” in appearance cz2 lacked some of
the sharpness of detail which is usually observed in the X-rays of
individuals who have inhaled silica dust., This diffuse, fine
generalized fibrosis was chiefly confined to the lower two-thirds
of the lumng fields,

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

Jr. Creessen found that although the silicate dusts of slate "induce a fine diffuse,
tilateral fivrosis of the lungs which is definitely demonsireble in the Xeray"
workers exposed to slate dust do not begin to show definite first stage pneumoconio-
sis uxtil alter more than ten years' exposure, He did not find eny evidence that
the resultant pneumoconiosis had led to disability.

E ~ GRIDING DERRIS ROOT: Derris root is used in the mamufacture of insecticides.
It comes in 500-pound bales from the Dutch East Indies. In order to reduce dust,
the bales are thoroughly wetted with white oils The root is ground at the rate of
§00 pounds an hour to pass through a 3/8"-screen. One man with three years! service
is exposed to an everage 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,
crystaelline in eppearance under the Konimeter microscope, and sabout five microns

in size; 20% are sharply angular, five microns or less in size, The particles ap-
peer to be more inorganic than organic in character. Evidently the lighter root
dust particles are either larger than 30 microns and were, therefore, filtered out
by the Konimeter filter or were carried out by the exhaust ventilation, thus leaving
the éirt or so0il which had adhered to the roots, The grinder is located in a small
roon viell ventilated by means of a 30-inch motor-driven fan. This explains the low
dust concentration in the samples taken during the grinding operation. The operator
wears rubber gloves, cover-alls, and is provided with a fresh air hose type of mask
while grinding, :

To %Yhat Extent ig Derris Toxic? According to recent. studies by the United
States Department of Agriculture (Indust, & Eng. Chem. Vol. 28, No, 7, July 1936,
Pps. B15-821) Derris is a possible health hazard to those engeged in milling, grind-
ing, ané éiluting it (Derris) without the use of suitable protective measures,
Pharmacological studies show that Derris and its water extracts affect the respira~
tory center which is initially stimulated and then, after fatal doses, ccmpletely
depressed, with death resulting, Derris dust when applied to the armpits was also

found Lo provoke a “"rild evanescent irritation,™

L - G207TING PYRETHRUE FLOWIRS: Pyrethrmum ﬂowe:"s are an important source of one
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of the essential ingredients of insecticides. They come from Japan in mat covered
bales weighing about 450 pounds. On an 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 2,039,040 perticles, ten miorone or less, per cubic
foot of air. About 85% of these particles are angular, orystalline in appearance
under the Koninmeter microscope, and three microns or less in size; about 15% are
flat round particles and disos and shreds, ten miorons or less, The crystalline -
aeppearing dust probably originates from the soil which has blown on the flowers or
‘plants, One man is exposed per shift for about four hours a day during a nine morth
period., He wears & Willson dust respirator. The grinder is enclosed in a metal
housing connected by a fourteen~inch duct to a sixteen-inch motor driven exhaust fan,

Pyrethrum dust seems to irritate the skin of scme individuals and not affect
others in the least; as a matter of fact it causes an allergic type of reaction in
some Iindividuals to such an extent that it is inadvisable for such persons to work
in pyrethrum dust,

M - MIXING ARD PACEING "FLIT" POWDER: "Fl*f" powder is a mixture of pulverized
“derris root, py-rethrum flowers and other ingredients. It is mixed in a special -
room provided with exhaust ventilation by & man wearing a respirator. The dustiest
part of this operation is sifting the pulverized derris and pyrethrum which produces
an average 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
Konimeter microscope, and about three microns in size; about 57 are less crystalline
and more opaque, five microns or less in site,

Filling Cans: Three-guarter and two and one-quarter ounce tin cans are fill-
ed by automaetic machines. the filler ends of which are enclosed in a metal housing
with a four-inch exhaust duct to a fourteen~inch motor-driven fan. That this ex-
haust arrangement is fairly effective is shown by an average dust concentration in
samples 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

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

I, - CIACKIVZ CCIL SOAKTHG DRUMS: Cracking coil soaking drums "coke-up" about
once a month, so that in many oases they are almost completely filled with the ex-
ception of an opening down through the center no greater than twelve inches in diem-
eter. At mosi 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 about 90 degrees Fahrenhelt. &Zach man works half an hour inside and is then
relieved for about an hour. On an average. each man works about two and & half hours
per shift, two shifts a week, A "bgatswain" chair is used to get in and out of the
druz. They wear "hardboiled" hats and life-belts. Excellent ventilation is provided
by a steam or an air syphon placed in the bottom manhole of the drum, as a result of
wnich samples taken at face level of.men during the operation of the pneumatic chisel
had an averace of only 311,520 dust particles, ten miorons or less, per cubic foot of
air. About 605 of these particles were sherply angular, orystalline in apvearance
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under the Konimeter microscope, and about five microns or less in sire; 35% were
round, semi-opaque, crystelline, about ten microns or over; and about 5% were small
black perticles, There were also a few black scale-like particles over ten microns
in size, The major portion of this dust is probably coke or carbon and the scale-
1ike particles are, no doubt, metal from the sides of the drum or fram the ohisel.

11, - CRACKING COIL TUBZS: There are 183 tubes in & high pressure cracking
coil unit, After rurning from twenty to twenty-five days, depending upon the char-
acter of the stock being run, the temperature and pressure, the petroleum coke which
is deposited on the tubes must be removed. Liberty air-driven tube cleaners with
cone and star cutters operated by men with en average service of six years are used
for this purpose. The men work in gangs of six to eight end are exposed to dust
about six Lows every two shifts on an average. They wear neither goggles nor respi-
retors - eltnough a dust semole tekep. .immediately alter reversing the cleening
machine while in a tube contained as high as 9,062,400 particles, ten microns or
less in size, per ocudic foots About 30% of these dust particles are black, opague
in appearance under the Konimeter microscope, end two microns or less in size; 40%
are anguler, transperent, plate-like, ten microns or larger; and 30% are angular,
transperent crystalline, five microns or less in size,

Ss=ples taken on the Cleaning Flatform while cleaning Cracking Coil Furnmace
tubes at & Korthern refinery had an everage of 113,280 particles per cubic foot,
linety-eight per cent, of these dust particles were rounded c¢rystalline in appearance
under the ricroscope and five microns or less in size, Semples taken in the passage-
viey back of the furnace while tubes were being cleaned had as high as 1,076,160
perticles, ten rmicrons or less in size, per cubic foot of air. This indicates that
the men in the passageway, back of the furnace are exposed to more dust than those
oz the cleening platform,

III. - WATER HEADERS AWD BOILER TUBES: Tubes and headers are cleaned twice
a year bty means of airedriven turbines. It has been found that cleaning can be done
more effectively if done dry rather then wet because the dust can be dlown out. If
water were used, the loosened material would soon form a paste which-woulid be smear=
ed back on the tubes by the action of the cleaning 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 rether than
in wet ones., Eight men (two on each turbineg are engaged in this cleaning operation
which requires about twelve days a year. Men with an average service of fifteen years
ere assigned to this jot fram the Labor Depertment, The temperature inside of the
druns or headers is about 70 degrees Fahrenheit., In accordance with the usual prac-
tice, men operating the turbines, inside the dérum 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 omses

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

Lovier Platform, Front Water Header.......ee.......18,306,048 part, per cu, ft.
In #2 Drum While Cleening Water Wall and Tubes.... 5,664,000 " .o
Inside Manhole Drum #3 While Being Cleaned........28,320,000 " "o

About 403 of the dust particles in the samples taken on the lower front water-header
Platform, while header was being cleaned, were rounded, dark red in eppearance under
the Konimeter microscope, and about two mierons in size; 507 were opaque, more or
less angular, and about five microns in size; 10% were crystalline, slightly angular,
and over ten microns in size. About 65% of the particles in the sample taken inside
42 drum during cleanin- were tleck, opaque, angular, less than two microns in size;
end about 15% were round. more or less opague, over ten microns, The concentration
ol dust INSIDL the érum duriny cleaning eppeers to decrease with the distance from
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the manhole as is demonstrated by these counts in sami:les fram Drum #2 (Riley Boil-
er):

Location Particles per cu., ft.

Inside M&nholeo....................-.......-.......-....-....... 19,257,600
About 8 ft. Inside Drum...-.oa.-....-.........................- 4,078,080
n

n 11 " b 0 0ee000etesstctecstnsssotocrsocvoccnnsnte 2,265,6°C
" 18 " " T tteeceeecarteeseoneacasteanasncacnacase 1,585,920
-4 " 24 " " " LR R R N R R N R RN} 1,132,600

The dust particles from inside the drum appear black, angular and were less than two
microns in size, The dust from these cleaning operations are supposed to be largely
the results of metal corrosion end sediment (1arge1y._.&a.lcimn Carbonate and 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 States
Bureau of Mines Experiment Station at Pittsburgh, Pennsylvenia, who reported:

Quﬂrtz (5102)000-0'oon-coo'vo'cttc.ooco 1 per cento
Opaque or Coated with Opaque lMateriel.. 90 " "
Unidentified Clay-like..ecceececvecesss 9 " W

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

Freoe Silica.iceeacrcccoccocccncsseasess 0sTO per cent,
Cmbined silicaﬂﬂ.'I..."'.I.O..‘Q'.00.41’01 " "

Althovgh the analysis of the dust shows a low free silica content, the high
dust concentrations found and the possibility that at times such concentrations may
be higher thar those found, demonstrate the desirability of wearing respirators re
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 a very general exposure to dust which may ine
volve all workers employed in the foundry. In many cases the worker is in such olose
contaot with the duty atmoasphere as to cause serious exposure. Muck progress has
been made in reducing the dustiness of our foundry ‘operations and plans are now being
considered whick will further safeguard our foundry workers. The following is a
brief outline of foundry dust producing operations:

A, - POURING MOLTEN METAL INTO SAND MOULDS - About 19-1/2 tons of metal are
poured per "heat". Thirty-five men with an average service of twelve years spend
about one and a half hours pouring and six and a half hours moulding per day, five
days & week, Goggles, asbestos leggings and congress-type shLoes are worn by the men
handling the molten metal, About 60% of the moulding sand, which is the prinoipal
source of dust, is free silica (S§i03), 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-
tdcally ell of these dust particles appeared angular, orystalline under the Korimeter
microscope and were about two microns or less in size,

A semple of dust from the top of the crane rail over the nmoulding floor was
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given a petrographic examination by the U.S,Bureau of !Mines Experiment Station in

Pittsburgh, Pennsylvania who reported 50% quarts (5102)s 15% Clay Mineral not com-
pletely identified, Kaolinite is Alp0z.2 85309, 2H20; 5% Calcite (CaCOz ) and 30%
Opaque,

R, « "SHAKING OUI" 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 throvm over and broken open. The rough castings
are pulled out, piled up and trucked to the Cleaning Room. "Shaking Out" is con-
gidered one of the serious occupational disease hazards encountered in industry and
the dustiest operatioun in founderies but due to the thorough wetting and careful
hendéling by the men, samples teken during the operation had an average of only
85€,220 cust particles ten microns or less per cubic fool of air. The impinger
method would no doubt reveal much higher counts. About 98% of the dust particles
were slightly angular crystelline in appearance under the Kcnimeter microscope and
were one micron 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-
piraters, Twelve men with an averege service of eight years work on this Job, eight
riours per shift, five shifts per week,

After the castings have been removed the moulding sand is agein wetted and
thoroughly worked over with a motor-driven sand cutter which is & series of revolv-
ing blades, similar to those on a lawn mower, operated by an electric motor, mounted
on a rubber-tired four-wheeled carriege vhich moves back and forth over the moulding
floor. loisture tests are mede and when these tests indicate 4.6 to 5.6 moisture
the sand is considered ready for the moulders, During the operatior of this sand cut~
ter, the operator is exposed to an average dust concentration of 1,529,280 particles
ten ricrons or less per cubic foot. These particles were less than twc micrors and
were slightly angular crystalline in appearance under the Konimeter microscope,

C. = CLEANING CASTINGS -~ Various methods are used to clean castings depend=
ing on their size and shape, All of these methods produce more or less dust same of
which carn be taken care of by exhaust ventilations, others cannot, The methods most
cormonly employed are:

(a) Preliminary Cleaning - Castings are brought from the moulding floor during
the night and deposited in the Cleaning Room. The following morming the cores are
knocked out, the sprues and gates are broken off and seme Scratch cleaning is done,
This work produces consideratle dust especially when the sand and old cores are
shovelled through the ;rating into the car or bucket below (3,455,040 particles ten
niorons 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 crystalline, five microns in sige and about 5% were scale-like semi-
opaque with a reddish-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 has been
given to the provision of a special air-tight room with a grating flocr and a hopper
underneath with a screw oonveycr 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 exhauct ducts with a series of outlets around the top of the hopper carry
offl the dust, Air is also introcuced into the room about a man's breathing level and
the amount of air taken out is eater then that introduced so that a negative pres-
sure is meintained and a complete sir change is made about every three minutes,

(b) Tumblast - The Tumblast is & machine which combines tumbling with air blast-
ing. from 400 to 1500 pourds of castings are put into & drum which revolves about
10 22, They run from about 20 minutes to four hours, depending upon the type of
cestings and cleenliness reguired, Wrile the castings are being tumbled they receive
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a blast of #20 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 & half hours per man per day, five
days a week. Pulmosan Dust respirators are provided but are not always worn, A
ten-inch exhaust pipe has been installed at the top of the machine and a 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 in-
. 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 microns or less
in size and are angular crystelline in appearance; 407 are ten microns or over in
size, and rather rounded in eppearance, There ere also a large nurker of minute black
metallic specks entirely too small and numerous to count accurately,

(c) Sly Tumbling Mill - Clears brass castings by a combination of tumbling end
air-'blasting with 73 Sand Blast Sand and 85 pounds per square inch air pressure, The
M{11 holds from 100 to 150C pounds of castings and clearns five loads a day, Two men,
with an average service of 15 years, operate this mill whick runs about five hours a
day. They wear Pulmosen Dust respirators and -oggles when opening the machire. This
13311 is hooded with an 8-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 taken during the operation of the Sly Tumbling Mill had as high as 2,492,160
particles ten microns or less in size per cubic foot of air and en average of
1,393,344 particles per cubic foot. About 90% of these dust particles were rounded
crystalline ir appesrance under the Konimeter microscope and two microns or less in
size; 6% were black, opague scale-like and 5% were rounded crystalline about five
micron': in size,

(d) Tu=tling Barrels - 36" x 42" Whiting Twmbling Barrels remove sand fromcast-
ings., They hold from 1200 to 1500 pounds of castings per load and revolve at 10 RFV
The castings are tumbled about two hours with about 700 poumds of one-inch unanneal-
ed cast malleable iron stars and Jacks, An exhaust system with a 6-inch pipe through
the trunnion having a suction of 1-1/4 inches water. This suction has been found in-
adequate 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 907 of these particles were angular cz—ystalline in appearance under the
Konimeter l4icroscope and three microns or less in size; about 10% were rounded semi-
crystalline, ten microns in size, There were also a few triangular-shaped opaque
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 a 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 alr through
the barrel. This condition hts been remedied, in a new design now on the market, by
the use of two shells - an imner perforated and an outer solid shell, Both trun=-
nions are hollow and are connected with the air chamber between the two shells, Air
under pressure is introduced through one trunnion and exhausted through the other:

(e) Air-Blasting - Castings which cannot be tumbled due to their size and fra=-
gility are clemned by air-blasting (85 pounds per square inch) with mixture of ap-
proximately half and hal{ sand and {40 Steel Grit, Syracuse Core sand is used when
e special finish is desired, There are three men, with an average service of three
years, on this jot who work 45 minutes of every hour, eight hours a shift, 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-blast Helmet supplied with outside fresh air provided by a
special blower used for that purpose only. Samples taken inside the room while a
casting was being air-blasted had an average of 3,738,240 dust particles ten microns
or less per cubic foot of air, About 80% of these dust particles were sharply angu-
lar crystalline in appearance under the Konimeter microscope and three microns or

less in sire; 207 were rounded quartz-like crystals about ten miorons in size, There
were also a few rust-like scales and a large number of black metallic particles too
minute and too numerous to be counted accurately. The silicosis hazard of this opera-
tion gould be greatly reduced by the use of steel abrasives exclusively.

(f) Rough Snagging Wheels - These machines are used for removing projections
such a5 sprues, parts and gates from castings. There are two types of these wheels:
the DOUBLE END using either 19-1/2" x 3" Carborundum and Vitrified or 24" x 2-1,/2"
Redmanol (Bakelite bowmd) Wheels; and the HORIZONTAL DISC Grinder heving e 50"
diameter vitrified wheel, These wheels eare used by seven men having an average
service of nine hours per shift, five shifts per week. Each wheel is hooded and has
e four-inch suction pipe. There is an eight-inch suction pipe on the Horizontal
Grinder, Goggles and respirators are provided but the latter ere not always worn
with the exception of the men on the Horizemtal Grinders. Vitrified wheels are run
at a slower speed (1800 RPM) than the Bakelite Bound Wheels which operate at 3400
RPM, Samples taken during the operation of the Rough Shagging Wheels had the fol-
lowing dust concentrations,

Double End Snagging Wheelsy

Average Dust from Vitrified Wheels...¢se..0.. 3,653,280 particles per cubic foot
" " " Carborundum " .....e..... 3,322,820 " " w "
" " " Bekelite Bound Wheels,..... 2,662,080 " " " "

Horigzontel Disc Grinder;
Average Dust from 50" Vitrified Wheels.....s. 2,124,000 particles per cubic foot

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

About B0% of the dust particles from the vitrified wheels appeered black angu-
lar opague under the Konimeter mioroscope and two microns or less in size; 20% an-
gular crystalline -about one micron or less, There were also a large number of black
minute particles too small and numerovs to cowmt. The dust particles from the Hori-
zontal (Vitrified) wheel were approximately 90% angular, crystalline and 107 black
opaque, 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 angular crystalline, less than one micron in size and about
157 were rounded crystalline about five microns in size,

(g) Fine Snagging and Polishing Wheels - These wheels grind off small projec—
tions and remove rust from stock which has been in storage. 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 Gfrinding 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,
Exhaust hoods with a 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 at face level cduring the
operetion of this equipment had the following average dust concentreations:
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Dust Produced by 36" Disc Grinder...eceescesse 1,416,000 particles per cubic foot
" " " 12" Wire Scratch Brush.....e 736,320 n " " "
" " " 4" x 14" Polishing Wheels.. 481,440 " " n u

These comperatively 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 mie
croscope dust particles {rom the Polishing Wheels appeared all rowund crystalline and
abolit one micron in size, About 40% of the dust particles produced by the Double
Disc Grinder were sharply angular, opaque about three microrns or less in size; 607
were less angular crystalline about one micron in size. The dust particles produced
by the Wire Scratch Brush were all rounded, crystalline and about one micron in size,
There were no metellic perticles in any ¢l the sarples examined, Few exhoust hoods
have been installed on Wire Scratch Brushes because it has been generally assumed
that these brushes did not produce any dust, This assunption, howerer, is untrue as
one semple from a wire brush at a Southern Refinery hadas high as 6,683,520 par-
ticles ten microns or less per cubio foot of air,

(h) Cone Grinding Wheels - These wheels are operasted with compressed air end
are used to do miscellaneous grinding on castings by four men, ‘with an average ser-
vice of ‘welve years, about twe hours a day on an average. The cones are 5-1/4" x
3-1/4" vitrified and produse an average dust of 1,869,120 particles ten miorons or
less per cubic foot of eir, About 80% of these particles are sharp angular orystal-
line, In eppearence under the Konimeter microscope they are five microns or less in
size; 207 are round opague but non-metallic in eppeerence end five microns or over
in size. . There are no hoods over these wheels and the operators wear no respirators,

Average Dustiness of Cleaning Room Air - A series of five samples were
taker tetween 9:30 ané 9:40 A}l to determire the average emount of dust im the air
of the cleanirng room vwhile the various cleaning operations were in full blast, Ane
other series of five sanples were taken about 3:30 P,H. in the afternoon after the
room haé been given its regular clean-up, There was quite a difference ir the amount
of cdust in the air during the morzing (2,166,480 particles ten micrans or less per
cubic foot of air) ané during the afternoon toward the close of the shift (338,272
particles per cutic foot). About 95% of the cus:i particles in the evening samples
were angular crystalline in appearance and about tvio microns in size., There were a
few lerge semi-opague or scale-like particles about 20 microns in size, About 98%
of the cdust particles iz the morning samples were angular crystalline two microns or
less in size and aSout 27 were round, crystealline over five microns in size,

A sample of dust from top of one ol the larger Exhaust Ducts in the center
of the cleaning room was given a petrographic examination by the U,S.Bureau of liines
Experiment Station et Pittsburgh, Pemnsylvaria and found to contain 40% Quartz
(s3103), 20% Clay Mineral not completely idemtified; 40% opaque,

D. « CORE MAKING « A large number of cores are made by the Demmler Air Ope-
rated Core Machine which uses a mixture 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
operetion of this machine:

(1) Shovelling Sand to fill the Machine Hopper..1,019,520 particles per cubic foot
(2) Blowing out Core=boXeSiessesssesescsccsneess 736,320 u u u "
(2) Blowing sand into the Core-liouldS.ee........ 755,200 L " " "

About 98} o the dust particles from blowing out the core boxes are dark,

opague in eppearence and about one micron in size, The dust particles from blowing
zand Iinto ile core moulds tre angular crystellire less then one micron in size,
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Cores ere "smoothed up" after being baked in the core oven by scratching
off the rough edges with an old hacksaw blade, This operation produces an averege of
906,240 dust particles ten microns or less in size per cubic foot of air, About 98%

of these perticles are angular, crystelline in appearance under the Konimeter mi-
croscope and are less than one mieron in size.

E, - SEPARATION OF BRASS FOUNDRY SKDMYINGS - A Steinlein Separetor, revolve
ing ebout 25 RFi, separates brass from about 100 pounds of skimmings an hour. The
separator hes & 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 1,231,820 particles ten microns or less per cubic foot of air. About 956%
of the dust particles in samples taken above the charging chute appeared opague
acguler black ir color under the Konimeter microscope and were less then one micron
ir size,”" About 807 of the dust particies in samples from the trunnion were more
crystalline and rounded in appearance snd less than one micron in size, This was
elso true of the samples taken in front of the machine where the slag ¢rops down into
a bucket, The dus: particles in _samples from the metal being discharged fram the
machine were about 507 metallic in appearance about 50% anguler crystalline. Both
crystelline end opaque particles were abort two microns or less in sire, Six men,
with an everege service of seven years, take turns operating this machine which runs
edbort two hours per day on en average. ’

X - MASON'S OPERATIONS

I, - TEZARING OUT STILL FIRE BOXES - Two men with an average service of ten
vears, spend two days e month on an average tearing out slag-covered bottoms of crack-
ing coil furnace 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" Pneumatio
chisels, Samples taken inside the fire box while this work was in progress had dust
coacentrations as high as 1,019,520 particles ten microns or less per cubic foot of
eir, These particles were glassy sharply crystalline in eppearance under the Koni-
meter microscope, About 90% were five microns or less in size and 10% were over ten
aicrons, The larger particles were semi-opaque., There were also a large mumber of
round black opaque partioles about one micron or less in size, After the bottoms
had been broken up by the pneumatic chisels they are shovelled out through the fire-
box door end then reshovelled into trucks to be hauled away. This operation natural-
ly produces more dust than the breaking up inside the fire box, Although no wind was
Tlcwing semples taken at face level during the shovelling and loading had dust con-
centrations as high as 2,435,520 particles ten microns or less per cublic 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 dismante
ling or cutting concrete structures with pneumatic chisels in the removal of old
foundations, concrete supports and blocks and in cutting holes in walls and floors.
Samples teken during the cutting or chipping of concrete had as high as 6,510,080
particles ten miorons or less in size per cubic foot end a general average of
1,691,051 particles per cubic foot. All of these dust particles are slightly angular
crystalline 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 microns and about
57 over ten miorons in size, In many cases neither goggles or respirators were worn
by the viorkmen. Regardless of the rather low dust counts found, men engaged in chip-
ping or cutting concrete should wear concrete due to the high silica content in the
usual agzregate used in concrete.

I1I, - CEIPPING MORTAR FROM BETWEEM BRICK ~ Chipping Mortar with pneumatic

ciisels from between bricks in walls of structures preparatory to weather-proofingisa
perticularly dusty operation. Samples teken during this work had dust concentrations
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tizk as 20,956,800 perticles ten microns or less per cubic foot of air and a
genere.l averare of 13,848,480 particles per cubic foot, All of these particles were
anzuler crystelline 1n aprearance under the Konimeter microscope and about six mi-
crons or less in size, There were also a countless number of minute reddish-gray
particles. This work was done by an outside contractor whose employees wore goggles
but no dust respirators.

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

Samples taker ¢iring the crushing of fire brick had dust concentrations as high as
11,554,560 particles ten microns or less in size per cubic foot and a general average
of 2,562,960 particles per cubic foot. Crushing new fire brick produces about six
times as many cust particles (4,375,733 per cubic foot) as i1s produced when crushing
old., useé¢ fire brick (736,320 particles per cubic foot). Under the konimeter mi-
croscope about 9477 of the dust particles produced by crushing new fire brick appear
anguler crystalline, one micron or less in size; sbout 6% are opaque over ten miw
crons and about 1% are dark opague, scale-like about five microns in sirze, The dust
particles from crushing old used fire brick ere more rounded crystalline in appearance
and are ebout five microns or less in size, An analysis of Alamo Fire-cley Brick,
wnich is comaonly 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) reports:

Siliclievecarscscencenesse 51,8 per cent
Alumina and Titenie..,.... 45.4

Ferric Cxid€sceeveaeriones L1 " "
Lime,..cvevevececrecsasaas 0,5 ¥ "
MegnesiBoeceseaessoorvenes 0.3 " o
hlkalles.....coeevvevnnesese L1 M "

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 ocrushed per day.
The total lengih of exposure per month depends upon the demand for crushed fire
brick exd will very from & general average of fifteen hours per man per momth to as
much as twvelve hours a week, Goggles and M. S.A.Comfo dust respirators are worn,

Ve, ~ SHAPING FIRE BRICKX ON EMERY 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 RPY, This wheel is almost completely enclosed by a hood which hes & 4-
inch duct to e 24-inch motor-driven fan operating at 1750 RPM,, but this exhaust is
evidently inasfequate as samples taken while rounding off the edges of a 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 angulaer and slightly opaque in
appearance under the microscope ‘and five microns or less in size. One man wearing
corgles and a i S.A. Camfo respirator, with about 15 years service, spends an average
of ebout two deys a month shaping fire brick and blocks on this wheel.

VI, = JISIANTLINIG HASCHRY - Dismantling Masonry structures such as old boiler
and ctill settiings is a very dusty operation but was not included in this dust study

as there ves no work of this type in progress at any of the plants at the time of our
survey.
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X1 - WOODWORKING OPERATIONS

Woodworking operations, as performed in connection with the refining of pe-
troleum products and associated activities, are used in the production of patterns,
box shooks, containers, and 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 en allergic effect on same individuals, it is not consider-
ed harmful, Mr. D. Harrington of the U,S.Bureeu of Mines advises that the U, S.De-
pertment of Lator in a recent bulletin indicate that workers breathing wood dust are
far more definitely afflioted with tuberculosis than the general run of industrial
workers. In large quantities, however, wood dust belongs in the "nuisance" class and
may elso be an explosion hazard

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

(a) Resawing - Band sews, twenty-five feet four inches in circumference, re-
saw four-quarter ané five-guarter lumber into 3/8-:‘anh and 1/2-1nch shooks respec=-
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 sawing pine and
996,864 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 saw with 8-inch ducts to a belt driven fan
with five-foot blades revolving 3500 RFML. About 607 of the dust particles in samples
teken while resawing pine were crystalline, rather glass-like in appearance - prob-
ably resin - under the Konimeter mioroscope and over ten microns in size; 40% were
round with rough edges gray and opague, five microns or less in size. About BO7 of
“he dust particles from ocutting gum lumber were round crystalline semi-opague in ap-
pearance, five microns or less in size; 20% were aver five microns in size. Gum lum-
ber is resawed only about four days a month,

(b) Ripsawing = Rip saws. 14 inches in diameter cut ends from fourequarter
g lumber, An exhaust system has been provided with a hood over each saw and four
inch metal ducts to & belt-driven fan with six-foot blades revolving 3500 RPM. Samples
taken during this operation had an average dust concentration of 162,920 particles
tez microns or less per cubic foot of air, A1l of these particles were angular crys-
talline semi-opaque in appearance wnder the Konimeter microscope and about three mi-
crons in size,

(o) 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 average dust concentration of 877,920 particles ten microns or
less per cubic foot of air, About 50% of these particles were round crystalline semi-
opaque, gray in ocolor and from five to ten microns in size; 50% were slightly angue
lar crystalline in appearance under the Konimeter microscope and three microns or less
in size, There were also several very small black specks, The low dust count indi-
cates that either the particles were mostly over 30 microns in asize and were thus
filtered out by the porcelaln filter or that the exhaust system was effective,

(d) Planing - Pleners or double surfacers resurface the four-quarter and five
quarter lumber to give it the proper finish. There is an exhaust hood over each ma-
cnine with an eight-inch metal duct to a belt-driven fan with six-foot blades revolve
ing 3500 RFM. Samples taken during the operation of planers or double surfacers had
a zeneral average dust concentration of 509,760 particles ten microns or less per
cutic foot of air when planing pine lumber and 415,360 particles per cubic foot when
planing gun lumber. Particles of dust proéuced while planing pine lumber were
crystalline rather round in appearence under the Koximeter 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-
oron or less in size,

Dustiness of Shook Factory Alr « A series of five samples were taken at five
strategic points to determine the average dust concentration of the factory air,
These samples gave an average concentration of only 141,600 dust particles ten mi-
crpus or less per cubic foot of air which indicates that either the major portion of
the dust is over 30 microns in size or that the ventilation system is proving effec-
tive, The latter is probebly the more logical explanation although the excellent
housekeeping is undoubtedly an important factor. About 98% of the dust particles in
the factory air samples were slightly angular crystalline in appearance under the
Konimeter microscope and about five microns or less in size; 2% were round, opague
derk_grayv.id color and two mirrons or.less in size,

B, « BELT SANDERS, SAND DISCS AND SPINDLES OR CYLINDERS - This equipment 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.
Senders are a notorious source of fine wood dusts, They ere also contaminated with
an appreciable amount of silica, if a sand-type of abrasive is used, comsequently
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 abrasive member,
particularly disc sanders, Our attention has been called to & case where a man en-
gaged in the use of sanders suffered recwrring respiratory illness and ultimately
death froo pneunmonia, His attacks of illness seemed to correlate with extended
use of the sanders,

(a) Belt Sanders - An 8" x 28-1/2 ft, Belt Sander (Lightning Adalox Cloth
1-1/2 = 40 X Grit Norton Abrasives) runs on an average of two hours per day and is
used by eight different men with an everage service of fifteen years. Samples taken
while finishing #1 Pine lumber had a dust ooncentration as high as 15,519,360 par-
tioles ten microns or less per cubic foot of air 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 opaque soamle-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 ft, Belt Sanding machine (#3 Production Cloth Minnesota Mining
Company) runs 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
e lathe with sand paper, Samples taken while finishing the outside of a barrel had
an average dust concentration of 481,440 particles ten microns or less per ouble
foot. These partioles were largely angular crystalline in appearance under the Koni-
meter microscope, About 50% were five microns or less, and 50% were over five mi-
crons in size, ‘

(b) send 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 disos or wheels had the following dust oconcentratioms:
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No. Sire Abrasive Work Being Particles Per Characteristics of Dust
(Dise. ) Used Done Cubic Foot Particles (Sizes and Fer-
centeges Estimated)
I ™ #24 Sand Cleaning 604,160 Angular crystelline
Paper Minn, | heads about 50% five microns
Mining Co, | Finished or less and 507 larger
Barrels than five microns,
11 | 24" |#1-1/2 Gar-| Squaring 623,140 About B5% angular crys-
net Paper, Wood talline two microns
Minn, Min-~ | Pattern - or less; 5% auarta-like
ing Co, rounded about 10 mi-
crons in size,
III1 | 30" #40 Grit Smoothing 1,925,760 Abcut 90% engular crys-
on Bristol | off Pat- talline three microns
Board. tern or less; 10% opaque
Gardner la- enguler one micron in
chine Co, size,
Iv | 3o #2 Garnet Squaring 3,624,960 About 98% semi-opaque,
Net Back, Wood Pat- send-like, one micron
Gardner tern or less, 2% opaque B
Machine ‘ microns or over in
Co. size,

The sand disc in No,

tors.

I was used in & well ventilated cabinei connected to a
48" motor driven fan by a 7-inch duot.

The wheel in No,

The men wore goggles and “Confo" respira-
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,
neither goggles nor respirators,

The men wore

IV had en exhaust hood with a 6.

inch duct connected to & 24=inch duct which in turn was connected with a 36-inch mo-

tor driven fan.

(¢) Sand Spindles or Cylinderg - Sand spindles or cylinders are used on an

average of about two hours per man per day,

vided for this

equipment,

No hood or suction exhaust has been pro-

Men 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:

Co,

Gardner Machine

Core Boxes

Size Work Being Partiocles Per Characteristics of Dust
(Die. ) | Abrusive Used Done Cubic Foot Particles (Sizes and
Percentage Estimated)
an #Garnet Paper Cutting Inside 2,322,240 About 60% quartz-like

in appearance, ten mi-
ecrons or over in size;
407 semi-opaque five
microns or less insite,
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DUST PRODUCED BY SAND SPINCLES OR CYLINTLERS (Concluded)

Size Work Being Particles Per Characteristics of Dust

(Pia. ) | Abrasive Used Done Cubic Foot Particles (Sizes end
Percentage Estimeted)

3-1/2" | £1-1/2 Garmet Putting 877,920 About 907 anpuler crys=

. Taper MNinm, Taper on talline two microns in

! IZd=ing Co, Pattern. size; 10% opaque five
microns or less in
size,

C, - IA¥ING WOCDEN CRATES « Two types of sews are used in prepering lumber for
meking cretes Tor gasoline pumps and tenkss .

(e) Ben2 Sews - Sanples taken cduring the operation of Bend Saw haé & dust
concensretion o 453,120 perticles ten microns or less per cutic foot of air, A1 of
these dust pariicles were rownd, opegue ir eppearance wnéer the Konimeter microscope
ani three microns or less in size. -

(t) Reilroed Sews - Semples taken during the operation of an 18" Reilroed
Sew kel e cust cencentretion of 3,964,800 particles teu microns or less per cubic
f00% of sir. All of these particles were round, grayisk opecue in appearance wder
+the Korinmeter nmicroscope anc aboul five microns or less in size, There were elso nu-

merous minute gray specks toe smell to coumt eccurately.
XII - ROCK EXCAVATION

Rock excevetion is usually u dust producirng operation which is limited to con-
structioz activities in the peitroleum industry. The hazardousness of rock excavation
depencés ertirely upoxn the neture of the rock being excavated, the length of exposure
ané the netrhods being followed, The principel sources of dust are rock drilling,
blestirz, nmucking and hendling of the rock. Of these, drilling probably produces the
greatest exount of dusti,

A, « DRILLINS ~ The pneumatic rock drill operates essertially as e crushing
cevice which sheiiers the rock %o a powder at the point of impact, According to-
Theodore Zeich of the Earvaerd School of Publie Health (1IN Y.Ind,Bull,Vol,15, No,9 =
Sept, 1936) the particles of dust thus generated vary in size from one-guarter inch
or larger dovwr to sub-microscopic diameters. The dust is removed from the drill hole
by a stream of eir or water or a combination of the two introduced through the hollow
drill steel, In the case of jeck-hamer drilling s consideratle amownt of rock dust
ejected from tre hole falls back to be crushed further before it is removed egain.
Quoting Mr, Heich: :

"The emownt of dust produced by a rock drill is surprisingly
lerge -~ a jeck-hammer, operating at the over-all rate of 100
feet of drilling per day, actually crushes more than 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 than
fifty grams of cust small enough to be air floated is generated
per Joot drilled, In terms of numbers of particles the figures
are enormous ~ it hes beer found that a jack hamner produces as

muck es one tillioxn particles of hygienic interest during one
r.inute ol operation",

EMOCL560



~Tl- -

B, ~ BLASTING « It is often said that blesting produces the greatest emount
of dust in rock~excavation. This statement is corntradicted by some authorities who
refer to the fact that the blast dislodges a great deal of dust from the rock sur-
faces deposited there from esrlier drilling operation in additior to that actuelly
generated by it, Under this condition bdlestirg is undoubtedly followed by & higher
dust concerntration thar in the cese when ell the dust producec by drilling is cap-
tured end cogveyed to a remote collector so tha*t only that ectuelly gemereted by the
explosion escapes into the eir, i

’ wWrnile it 15 undoubiedly true thet 4f ¢rilling is done dry, there will be de-
positicn of some of the cust oxn the surfeces of the excevation and leter be reised
by blasting, however, dust from this source is mirimized 1f drilling is doze wet,

&) Ve

because <he slusteé out perticles tend to forz agglomeretes, which are ret so0 reacdi-
1r reised ty the blesiing operatior. Alsc., whex good practice is followel. the fece
ex? sicdes are wet dowr with weter before tlasting, ané in rmining work, there is e
coztiruous weter sprey thet is sterted onto the heading before the blest tsakes place
end coztinued for sole time efter to help alley the dust ané to wet cowr <he meierisl,
so thet cust raised during mucking will be at a ririmue,

&
-
1

C, - NTILING « The amouwnt of cust produced by mucking end other rock-hendling
overetions veries creetly with the neture of the operation. Om open erxcevetior it
is prote®iy of 1i%tile ipportfence, bu: in confined sources as in tunrels ené mines
the dust concentreation associeted with rock hanéling mey reech cengerous levels,

5, « DUST CONTRCL - Methods for the control of ¢ust in rock excevetion as
suggested by lr., Hetch include:

(a) - Wet Drilling ané Wetting Dowr Rock Wells end Muck Piles - In gemerel it
=ey be sald thet water is less effective egeinst quartz-bearing rock then ageinst
silice~{ree peteriel suck &5 lime-stone., The usefulness of water is limited when
{reecing temperatures are enccuntered and it produces otjectionable working corditions
especially for overhead drill operestors and is certeinly to be avoided if a pmeu-
nonis hazard exists, £ Nmdemental objection to the wet method is that the dust is
zot rexoved frox the scene ol operation but simply supsressef neer its source where
i< rereins to be thrown into the air by a subsequent disturbance such as blasting,

(b) - General Ventiletion - The purpose of gereral veztilation is to dilute
the dusty eir with sufficiext cleen eir to bring the concentratior down to a satise
Tectery level., Two precautions are required:

lst, - the fresh air itself must be free from dust and

2nd, = it must be properly distributed through the work-
ings to insure maximur mixing with the dust ladem
air,

(¢) - Dust Exhaust Hoods on Drills anéd Other Mucking Operations and Local
Sources of Dust « Effective dust control can be secured by meens of a dust trap which
surrounds the drill steel at the rock surface, The dust-laden air is captured as it
emerges from the drill-hole by the inflow of clean air into the trap. To be effec=
tive, the inlet velocitles 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-stream
through hose and piping to a suitatle dust separator in which the air is freed frox
i¥s cust loac¢ and thus is discharged from the apparatus as clean eir. Traps of dif=
Terext designs are required with various drilling operestions and special supporting
Cevices are necessary to hold the trap in proper alignment with the several operate
ing positions, (NOTE: The dust trep is setisfactory under meny cond’itionms, but agein
unfer mery other conditions hes not proved sesisfectory. RSB)
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The dust dispersed during muoking, as well as thet arizing from rock drill.

ing, caxn be coztrolled bty locel exhaust ventiletion and reguires no elsborete ap-
paratus,

(¢) ~ Personal Frotecticr B

r By leans of Respiretors engd Positive - Fressure
Mesks -~ An effective respiretor or & positivee-pressure meask suprliel with en adecuste
guantity of dust-free eir provides the weerer wiih protection when It Dits the face
properiy ar

"

is worn cortizuously in dusty atmosoheres. Respiresors anf resks heve
lece in 4the field of silicosis conirol, especislly <o provids

FRENY J 19
€

8 legitimate Tife pro-
i infreguent wmexpected dust conmceniretd

cave

s bul cannot
for cdust control in continuous operezions.
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PART III - MEASURES FOR REDUCTION OF THE DUST HAZARD

ECw CAW TEE DJUST HATARD BT RTIDUCID? = The quentity of dust irheled mey be
riricize: by the exployment of these four methods outlined by Dr, M. Fumel ir "ledi-
cel Fecord":-

#1, Suppression of Dusi Fear It's Origzin, by the use of exhaust dreught,
dust *treps or weter, The wal Cer hes the acvertage ol e fly-pzper effect on
the silice pe.rticles, but the humidity creeteé¢ tends to favor infection by
proloxnging the 1ife of pathogernic orgenisms outside the boly ené fecilitet-
ing their exirance into ire body.

*2. " Ai=dixture of Adulterest Zusi-with the silice which mey assicst inm
the e*-,)"" sion of silice froz the lungs, retarc the process of the cigesse
or rrevext the developmext of tuberculosis, XHowever, the introdusticn of
&= aciitionel foreign tody into the lungs is of doubiful velue freught
with poterxtiel cdemger eni should be regerded very ceutiously ani con-
servatively.

"2, TProper Ven*iletion, in conunection with other methods, .

Y4, Megks shou
rost of there

coos :
cessitating +r
in

n ideel preventivte measure but, wmlortunately,
ping the cust &lso stop the respiretion. thus ne-

r freqguert removal. They shouid be ol exn approvecd type,
ined, s*rictly supervised end their use rigicly enforced.,"

“e €o not believe thet the use of vieter vould heve any ouisternding elfects on
relsing <he humidity in most of the dust producing o'ne“trl::\cone in the Ferrolews In-
dusiry, exy more han, for exemple, sprirkling one's lawn would have, We believe 3t
'-e—.e.i..s <0 be proved beyond doubt that the huzicdificetion of air actunlly favors
tecteriological growth to the extent tnet the incidence of cdisease “ro._ pathogernic
orgeziees is reised significently, There has been much discussion on this subject,
"'" little hes been proven ’Ineore‘icall} it mey be adzitteld thet Lnese orgarisms
live longer in e moist aimosphere tharn in e dry aimosphere, but it is rather hazerd-

vs reesozing to conclude that for the reesons stetec, the use of wet methods in dust
control causes &an increase in disease,

™r. Kumel's statement thet mos:t resks (we presume he means respirators) that
stop cust elso stop respirations, 1s a little strong, There are eveileble todey
respirators that adequately remove cust without creeting a resistance to breathing
in excess of 15 to 30 millimeters of weter colu=n, and the tendency of progressive
wenufacturers of such devices is to further lower the resistance, MNen during the
wer actually did fighting while weering respiretory protective devices thet had as
ruach as 50 to 75 millimeters resistance. The resistance figures given for respira-
tors are measured at a rate of air flow of abowt three cubic feet a minute which is
equivelent to the amount of air breathed by a person doing hard physical work,

Dust Respirators and Air Masks -~ Respirators andé masks of vearious types have
been used since the days of the elchemists and are mentioned by Agricola, Ramazeini
and others. Cortrol of the dust hazerd by means of respiratory protective equip-
ment is effective, provided:

(1) the protective eguipment is efficient, and
(2) it is worm continuously,

Ifflctezt equipnent is eveiletle, but for cortizuous use, fay sfter dey, thismethod
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of control cennot be depended upor to provide the lirst line of celense; in this re-
spect it mey be likened to the use of personel immurization es a primer sefeguerd
agairst the spread of typhoid fever. Dust respirators ent eir mesks do, rowever,
have a defiziie place in the field of Gust conirol, especially &s en emergency
meesure, as e means of protection on infrequent dusty occupetions eni as en &cjumet
to other more funiamental methods of prevention.

Reports mede to the Kationel Silicosis Coxference, called ecrezary of
Lebor iz Februery (1837) to study specific pheses of the silicosi 2 pre-
sent;suggestions for its solution, conteired meny recommendatiozns au-

thorities oz the subject which hate beexn successfully emplored uxier ectuel opereting
con2itiens, Briefly suwmerized meesures for the conirol of cust erd the pr

of pzemcconicsis include:

A, = DESIGK PLART FOR DUST CCNTREL - Much can be eccomplishel z
wher new buildirngs are contezplated or wher o0l buildings ere Tc te remcielel, Tor
instexce, structurel projections end ledges mey be mininifed to prevent the eccmu-
letion ¢f fust thet might later be released into the atmosphere by eir currents or
bty buildizz vitraticn caused by trevellirz crenes, vitrating mecrinery, &=i eguimment
thet heve lerge reciprocating parts, Tre IZngineering lommitiee recognized the faret
thet our present day encineering and structural meterials for fectories co rot per-
mit eliriration of lmnumereble ledges ard projections without pronititive tullding
ené roofing costs, Eowever, building interiors should be so contructec thet they rey
be easily cleened by washing, hosizg, vacuum cleaxing or brushing, Iz sore ceses

.'(:'
operatiozs may be loceted over gretings, beneeth which equipment is providies for re-
movizg the materiels and dust that fall througn.

Be = PRCVIDZ BUILDINE VEXTILATICN « Waturel ventiletion shouls usueliy be
considered orly en adjunct in removing or reducing dust in the air, Ivex though it
is possitle to have high roofs in ome-story siructures which will zive the greetest
btenelit froz netural ventiletion, such methods cannot be relied upon to provide com-
plete protection in dusty operations. Where mechanicel ventilating systexs ere prow-
viced, care should bte teken to prevent strorng drafts from open windows ené doors de-
stroying the elfectiveness of the systems Guards enc shields should e pleced in the

vicizity ol hoofed and partially enclosed processes to prevent such & condition,

C, « STLRZ LUSTY MATERIALS IN DUST-TIGEY BIFS - Dusty meierials should be
stored ir cust-tizhi bins, tenks, or enclosures, but each siructure of +his +ype
snouwié bte provided with & breather or vent stack -- perhaps with ez exhaust fern in
the stack -- to permit the air displeced during loading to be carried outside the
building, Besenments may be used for storage purposes but shoulé not be used for
dusty manufecturing operations,

D. « IZNCLUSE FATZRIAL HANDLING EQUIRMEZT - Excessive dust creeted bty mechen-
ized paterial - handling equipment can usually be controlled by provision ol adeguate
housing ard epplication of exhaust systems, Some materials can be kept in a moist
condition while being handled, but when this is done, the material may dry out and be
dispersed into the atmosphere as dust,

E, - ISOLATE DUSTY PROCESSES - Where possible, several or all dusty processes
may be isolated from the rest of the plant. This sometimes permits the installation
of a more campact exhaust system resulting in more efficient operetion and lower maine
tenance cost.

F. = PROVIDE WET METHODS OF OFERATICN - Water, oll, and other liguids may be
used effantivalw.
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1. To suppress dust at the point of origin in such operatioms as
rock-drilling; handling, pulverizing, and milling rock and ore;
grindizg metal on grindstones; abrasive-wheel cutting of
granaite and sandstone.

2,. To prevent the re-dispersion of dust thet has settled on the
floors, walls, end other surflaces such as in the grenite indus-
try enc in foundries, '
G. - DISIZL ZQUIFMKENT TO CONTROL DUST - Whes new machinery or other eguipment
. 1s comte=plated. the menufecturer can frequently be enmcowraged to include dust con-
trol feetures such es exhaust hoods es ar irtegral part of the cesigr end coastruc~
tiom

E, - PRCVIZE EEAUST SYSTHNS -~ Iz some operatioms, eXheust systems mey be
irz=alled zo rezove dust a8t its point of origin, In mexy ceses severel szell systems
are preferetle To & larger system, Ary mechanical ventilation systen srould dbe de-
signed <o meet &t leest the pminimum reguiremexats of locel State laws or industriel
codes. or lecking such recuiremerts, should be installed accoréircg to the best ao-
ceptel prectice, '

Dust Arresters - Provisior of dust arresters will -prevent
hezerdous dusts from being cireuleted into other parts of the
rlaxt or Into the neighborhood. The location of dust erresters
is very important, particulerly if dry types of arresters are
used, Provision should be made for removel of the collected
dust without its escepe into the ares where the arrester is
located,

I, - ESTASLISH MAINTERANCE AND GOOD HOUSZ¥IEZPIilkié PROCZDURL - Good housekeeping
1s unguestionably the cheapest single method of controlling dust, Maintenance goes
1

1. If custe-tight equipment is instelleé it should be inspected at
regular enéd frequent intervals end all defects should be cor-
rected as soon as they are detected,

2. Operations should be performed in e manner that will create the
minirzun arount of dust,

3, Use water under pressure where possible to clean building in-
teriors.

4, If practicable, combine water with eir for cleening purposes.
411 cleaning should be done, if possible outside of working
hours and men engaged in this operation should be provided
with dust respirastors. .

5. Vacuum cleaning removes dust without dispersing it elsewhere,

6. Brushing is particularly adaptable for cleaning buildings of
the older type of construction,

7, Low=-pressure steex can sometimes be used to advantage.

E¥001565



—76-

8, & respornsitle person should be assigned the task of supervis-
ing ':.e.i...ena.nce and housekeeping activities., Among other
thi

=gs he should make tests from ti.':e to time to make sure
thet ihe dust coatrol progranm is echieving the desired re-
1

s mA

Jo = FAAVIJSL RESPIRATCRS - The Conference Cormitiee was of the umaminous opinm-
ion thet "dust elininetion pust be given primery consideration ir sclvirng the sili-
cosis prerien’, liev ertheless, when knovw methods of eliminatior ere net epplicatie
or ere ineilective, resrirators shkoulé te provide:i as "a last resort ani fcr oce
cesionel exposure orly,  Totation of personnel wnder these conditlions is eévisatle,”
Tre repors cefi*:.i‘el\' stetes thet there will elways be pleces where other meihods
will Te inecpiicetle end inelfec ive, ent respir etors will te recuired fcr éoing the
werk, elso thet there will te situetions where respiretors wiil Te The rrimer:

meszc of protecting the work-er, The scope of gooc use of respiratorsz is cezsiéder-
iy terond zhst ol occe -o-:al exposure. The need of rotating perscnxel Zevenis oz
<he Type of work fcne ax ....e supervision given the workmen, Ir some operezins,
resyiresors ere es nuck e part of ihe workzen's eguipmert es his fools. Certeiniy
it carot te expectel tnat e person can wear e respirator Jor severel hovrs con-
“imuously - tui now meny jots ere there the: would reguire e persorn <o-keep the res-

p“' sor on cc-:‘.i::'.m“'e'l" for ern ex:zended period of time, The common practice in +h
seiority of industriel occupetions is that the person is 1.‘\.emzﬁenv_y exposeld end
is elfferied zenmv oppo*-tur.:.‘;*es for the periolic v‘e,..oval of the respiratory v.r-ozec-
ve cevice, C“he %two gezerel types of res;:‘.:'a‘.:ors virich the Cormittee comsidered

uitetle Jor crotecticn egeirnst silice dust are:

0 et )

N
1

(e) Air-purifing respirators thet filier out the dust particles.

{t) Surpliei-air respiretors iz which dusi-free eir treethed ty
+he worker comes to him froz an wacontermineted outside source,

jiest respirstor renufacturers have submitted their devices for testing exd epsrovel
ty the U, S, Zureeu of Miznes, end only those which have been epproved should be used,

n,

(a) )‘-.L-m**:‘:-.s Tvpes of Resvirators - O the air-pu“i“'c‘.ng cless, the type
mosT commonly used is she ...ec':a.nice.l filter respiretor for mechenically-genereted
€usi. CThece respirators give no protection lrom gases and vepors, Trey generslly
consist of hall fecepleces to which are attached an exheus®: velve and a filterin
medium thet removes the dust from the inheled air; some ere eguipped with a filter
medlvn thaet removes peirt mists end some fmes. They core 11,_nt in veight and inex-
pensive, Filter pads must be changed at certairz intervals, depend:mg on the concen-

tration of dust. Soxe types resirict the field of vision. The general reguirements
of & sefe and suitetle Mechanical filter respirstor are (1) adeguate protectiom, (2)
reesonatle comfort ancé convenience, (3) an accepteble service life period of protec-
tioxn, (4) easy cleaning end sterilization, and (5) low cost of maintenance in good
serviceeble concition,

tuéies of mechericel 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, Fealth Bull.lio. 177 (1928)) ané the Hervard School of Public Health (Journ.
Incust, Eyz, 2,26 (1€27)) revealed +hax ﬁlterinL efficiency varies with the perticle
size and the arount of solid puriiculate mettier retained; also that the resistance to
eir flow varies with the amount of solid particulate matter retained and +the rete of
air flow, After ell, the funderentel besis for Judcing the suitability of a respi-
recor is viiether or not the amount of dust thet is unretained or escapes through the
filter under conéitions of practicel use is below the amount tha: would be hermiul
o treethe, This is rot reletzed to erny percentace efficiency. 1In order to reei the
Zureau of llines reguirements for epprovel. e respiretar must sezisfectorily remove

EMC01S6¢



~77=

dusts of the following size characteristics:

o¢ per cent smeller then 2. 890 mcrons

95 u " 1,80

90 " fn Al " -' 40 n

eo " n 1 1 1. 00 n

70 n n 1t LH C. es n

60 n n " 1i® o. 72 n B
B 50 " L} n " O. 60 n

¢ noteé thet 80 per cent of <the dust usel in these epprovel tests is Telow
= (1/25,000th of an inch) and 50 per cent is below 0,€ microns, Ceristers
remove custs of +hese charecteristics end shoulé not be usel es cust recri.

TETOTE.

Iz créer to ctiein the desired protectio.‘ it is essextiel thet the fece-
rieces of the mecharicel-lilter respiretors fit the face ol the workmaexr snugly bul

with & minimam of heed-tend 4ension A simple practicel test, suggested by Ceriton
Z. Zrovz of zhe U, S. Bureeu of l.mes Experimext Siation in P‘.“C"S"""g.., Fexmsylvernie
{Jour, Indusz, Zyg. Feb, 1927 Vol. 12, ¥o. 2, p.9’3‘, thet anyone cen run <c c'e‘:,e:'::ine

whether e respiretor faceplece 1s meking & tight seel. is to weer it in & Ligh con-
cen=ration of coal cust, The time of the test cen be shortexes oy blowirz & streem
c® gir conzeining e nigh concentratioz of cosl cdust arownd the edges of the lece-
lece. The location end eprroximete megnmitude of the leeks sre shown by streeks of
coel dusT on the pert of the face covered by ihe fecepiece. Another uest. accoriing
<o Xr, Zrowrn, consists of plugzing the intekes ol the respirstor enc then sitezpting
‘c irnele. This type of test could well be suprlemented by the Coal dust test,

{t) Surrlies Air Fespiretors - Industrial processes such as pmeumetic ¢rilling,ab-
resive tissiing anc sprey coating have introduced etmospheric conditioms for wkich
trhe eir-purifiing type of respirators are rot particulerly suitetle, Certein kirds

ol prewxmetic <rilling are responsikle for dust ceoncentretions so high that they would

repidiy overloaZ a cdust respirator, The operator of en etrasive tlasting outlit
must be protected not orly egainst the inhaletior of air conteining high concertra~
tiors of cdust, but also ageinst inmpact end ebreasion of the heed eni shoulder by the
retouncin: atresive and 1oosened abraded meterial. Spray coeting is resporsitle fre-
cuently for pollution of the swrrowunding aimosphere by a comtinetion of perticulate
zezter (mists thet are 1iquid particles or & combination of solid ané liquid pare
ticies; eni hernful vepors resulting from the eveporetion of the liquid vehicle of
tre coating used in the sprey gun.

Since these operations are carried out freguently in isolated places end at
g¢ifferent locations at verious “imes, they éo not lend themselves alweys to general
control meesures, Therefore, supplied eir respirators perfore e definite service,

The types in general use are those comonly Inown es hose masks, eir-line respirators,
end ebresive blasting respirators such #5 sand blest masks, helmets, and hooés.

Supplied-air respirators have the following advanteges for routine non-emer-
gency use over those of the air-purifying respirators such as gas masks, mechenical-
Tilter respirators and the combination of gas mask with & mechenical filter:

1. NO resistance to inhalation,

2, Freedor from inward leakage of contaminated air,

3. Protection egeinst all kinds of conteminants and even epainst at-

rospheres deficiert in oxygen wrich will not poison or irritete
the skin,
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to cool the face,

<n

« The Inflowing eir reduces excessive perspiration and terds

. ¥Wnen a hend-.opereted blower is used a second person is elvays

resent,  (With an epproved rask, p.o*zded the facepiece is
tight. the weerer cen irhale enou g= edr through the hose to es-

cepe i the blower shoulé stop).

The Alr-line Zespiretor cozsists o

ting ’aceo ece or ever & helmef or hood ¢
reck or shoulders. The air suprlied to these respirators hac beex lar:ely that o5~
frex the cozgpressed eir source used in the performence of
a§ti:g! prew=etic drllllrg enc sprey peinting,
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the Uriited States Zureau o lilzes

"Usizg mir from <the oréinery compresseé air system found in indussry
minetely recammended, These
- pressure, internelly lu-
”he air supplied by these
nalodorous constituents such

to supply respiretors is not to be
cozpressec eir systems ere usuelly
triceted, reciproceting-conpressor

systexs 1s contamipeted frequently

indiscrin
of the nig

type.
wish

-wese

as vepors. =ists end products ol cecamposit

tricert, slugs of water, and rust
these conzeninents car be removes
eir purifiers solé for this purpos

ecciderzel blests of high-pressure
weerer of the respirator.

€.

eir

tiox

T the compressor lu=-
froz the pipe line. A1) or most of
orocatly by some of the camm

azmercial

4 pressure-reducirg mecharisn

should be used elso in the line %o prevexnt any possibility of sudéen

fron injuring +he lungs of the

With & compressor of this type there is alweys

the possibility, however rare it mey be in well-kept systems, of the
~o overheating cf the compressor lu-

generetion ol cerbon monoxide due

tricent (Jour. Indus<. :—:yg. 18,461 (1938)).
elizireted by the use of tempereture co-..rols or cerbdon nmon
oz the coxzpressor which, of course,

veat the gzeneration of carton monoxide.

This cdenger can be minirized or

xide aleims

hould be so mainteained as to pre-

“"The <rené in suprlied-eir respirators is to use special low-pressure
externally ludbriceted, positive-pressure eir-supply devices.
the otjections to the high-pressure reciprocating-type compressor do
not apply to an air-supply of this kind.
comzon in indusiry, however. it is usuelly necessery to purchase a
special one for use with the respirator,
sure-reducing mechenisms, and special compressor-control or alarm me-
chanisns are not necessary, the price of this respirator complete with
air-supply device shoulcé not exceed that of the other type of respira-

tor without the eir supnly system

Most of

Since these devices ere not

Since air purifiers, pres-

"The use of a speciel air-conditioning unit to regulete the tempera-

ture and Hdm1di.y of the eir suppl
siredble, "

The minimix air supdly for e respirator designed
iratory reeds et a high degree of efficiency is generally egreed among Inéusirial

ilernists Lo te a* least four to six times tre air treathed per minute. As &
~erel

cless, respiretors with loose~lit

ied

<ing

facepieces. honiz.

=

(¥,

o
0

or

to the respirator wearer is cde-

o use all the air for res=-

nelme—s recuire
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zore eir than those with tight fitting fecepleces.

There is some difference of opinion emong users of respirators as ‘o whether
or not acjustments should be provided winerety the weerer cen vary the flow of air %o
mee: variations iz his reguiremects, It wes the oplniox of the Kational Silicosis
Corference Cozxittee that definite recomerdetions for ell situwations cannot be
mede, but for mary situations, anc particulerly where tight-litting fecepieces are
used, ez adjustable flow is desireble andé may ever be necessary; &lso, mosi worknen
can learn to adjust the air properly, Op the other hend fixed-flow procedures re-
guire e niznirux smount of insiructiorn ani supervision end are the most conducive to
seffety unéer all conditions,

wr.ile Zose Mesks end Air-Lline Respirestors have nexy cefizite advarntages the
erea of trevel of the wearer ‘is lirfiteé to the length of <nre nose, apnd moverexnts ere
re-2icappel to some extent by the hose, larifestly, the alr lor the hose exnd the
pesk shouwld be fresh end pure, dbut unmfortumetely this is not elweys so,

L4

tresive Zlesting Fespiretor - Atresive tlasting respiretors cexsist essen-
=<1elly of & rood, with windows, that fiis loosel)y over the heaé anct shoulders snd
desizrnel to withstané anc protect the weerer's head, neck ené shouldéers fromw etra-
sioz Ty the rebounding of particles of sent or grit; and s supply of fresk &ir, at
least six cubic feet per minute, tlown ixnto the hood, Cnly equipsent which has et
the Trzited States Bureau ol lines test recuirements and wtich is approved by the
Yeiicel exd Safery Deperiments should be used,

{¢) Zcceptance end Use of Personal Respiretoryv Protection by Workrmen - As sieted
in & peper by G M. Tirte end £ C. Fowler of the United Siates Eureau of Mines
(2.C.€918 Yo, v1936) presentec at the Interretional Petrolew: Exposition and Congress,
Tulse, Tklahoma, May 21 19236, selecting respiratory protective equipment is simple
cozpered with getting men to wear it after it is supplied. Generelly workmen will
weer masks readily in places where they haeve seen others asphyxiated, or in some
siziier trouble, but they ere likely to resist wearing protective eguipment where
the dust cenuot be seen or where the fumes ané mist heve no o:jectionable odor,

There are three main reasons for such resistances

FAirst, inbred oxjection to any new idea;

Second, the feeling that the individual is & superman and
can "take it" without protection; and,

Third, the inconvenience of weering the equipment.

Ir & survey conducted among the employees of the Colgate-Palmolive-Peet Come
paay bty Mr. F, H, Wallner of that Company's Insurence Department, it was found that
the men didn't like the disfiguring appeerance of a "muzzle" over their faces, This
survey also disclosed that some workers objected to the respirator because they
thought it made breathing difficult when the real trouble was that they were mnot
breathing correctly. Breething through a respirator should be done deeply and slow=
ly end efter the proper habit has been acquired much discamfort may be eliminated,
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 vhether the straps should be worr over the head or around the
neck, Some types have two siraps, one to be worn around the neck, the
other erounc the head."

Twphp e 43 .
Frodetly the most effective pler in zettirg gespirators worr is first to"sell"
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the supervising personnel who in turn should "sell" the worker by education, possibly
accompenied by strict end fair supervision and discipline. Imployees exposed to dust
hazerds requiring the wearing of refpirato'-s should be convinced that it is essential
to sacrifice some comfort and Cignity to avoid serious cases of disability and suffer-
irz, Zvery vorker should have his own respirator, It requires time and effort to
edjust this trotective device so it contects the face spugly with a minimur of heed-
bezs tencienm. It cannot be expecte" that the average workren will reacdjust e éif-
ferent resoirstor eech dey, Also, the psychological effect of using a respirator
wora previously by emcther workmen is not unimportant.” Although he rey not say any-
tring etout I%, 1t is neturally revoliing to most men's principles of bodily saxi-
tetlion to have to clemp over his face & cdevice thet hes been soeked with sweet exé
¢irt of erother man's face end irto which one or more mer have breethed der afier
cey! t is too much like usingz the other fellow!'s tooith brush, The btest praciice is
to rmark every respirator so each workmen cex iden<tify his owm

(é) Tse, lleintenance end Cere of °espi*a‘o~'s - Personal respirefory proteciive ce-
vices mus: e reinteined im & conadiiion sus ztially the same es whern rece--eo Sroc
the rmexuleciurer, Depencing on the ce..si*'" of the dust repleceatle Til*ers chould
be cherped freguently to prevent their becoming clogged and usuelly it ig :‘es rezie
to use & respirsior without s facelet, Xowever, if they &re considerecd necesssry,
the fecelets shoulé be chenged oftexn to evoid skin irritetior. £ clear. Tecelt bi—es
the respirator & cleen sppeerence anc removes one o-jection to wearing it,

The Colgate-Palmolive-Peet Cozpeny foumd <that the habit of some workers of
rezoving their respirators et in‘;er—als ceaused skirc irritation. Everytime thev did
+hig, dust seitled oz the surfaces that lay next to the worker's frce and irritatizg
perticles were iransferred to the skiz whea the device wes repleced, It is, there-
fore, best to have the employee wear his respiretor comstantly while uncder exposure,
Iz sote ceses, ointments or petroleun jelly has helped <o overcare the irritetirg ef-
fect of poiztis thet contact the skix,

Waere & considereble number of respiretors ere used, it is good practice to
hsve & "Respirator Room" with an attendant who issues the respiretors ené cleens,
sterilizes and otherwise keeps thex in good condition. Respiraiors mey be cleersed
by washing ené trushing them with an a..:isep*ic soap ené warz vater., They should be
checkel for demeged or improperly funcilioning perts such es rutber velve sests and
heecd-bencs, If defective, these should be replaced by new parts,:

WiliT MECICAL ZCHTRCL SHQULD DI DDERCISID IN THS SELZCTICYL AND SUZEXVISION OF
MEL WCEING CO €& ZUSTY JOBS? - It is essential that adeque.*-e redicel control be ex-
ercised, Such control should include the examination, prior to initiel working on
dusty Jobts of the worker to insure tha:t he is a suitable physical subtject. This exw
ermination should preferably include X-ray examinetion of the lungs which permits
closer control with subsequent X-ray tests es well as being a protectior to the em~
ployer in the event of any later legal ection.

A worker, to be classed as physically suitable, should be in additior, de-
termined to be & 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. Byg.
17,37 - 1935) indicates that the "Silicotic susceptidility of workers with poor na=-
sel filtratior is much greater than that of men with good nesal filters", Ee ad-
vises that jots with a silicosis hazard be held orly by men with good nasal filters"
and that mouth breat‘lers are an especially bad risk. He suggests that the "dust re-
taining cepacily of the nose be used as an index of the individual's quelification
for working in & silicosis producing etmosphere”, It is possible that Sternstein's
technigue for meesuring nasel resistance ("Indusiriel Dusts - p.65) could be develop-
ed into & siztle procecure for selecting men tes: edepted to dusi exposure.

Acceriing to Drinker end Hetcn ("Indusiriel Dust" p.22) it is wise *o select

Iv30157¢ -



-8l

for dusty jobs men who are past the age of 40 and not young men just taking up a
trade,

All workers engaged in harmful dusty operations shouléd be periodically thor-
oughly re-exsmined, including X-ray tests. Particular emphasis should be placed on
any indicetior of shortness of treath and chest pains

Reguletions should be enforced concerning the time limitation of work of eny
ecployees involved in a dust producing operation. Such Compeny regulations concern-
i..v.\.,: ,ssnc.blast.ng calling for & fixed six~month marirur perioo oz such vork, efter
which & mizimum sixemonth period away Iram dust producing work shoulé be followed
‘more closely.

For protectioz from e legel wzzle, the worker should bevgiven e finel thore
ough exexiretlion including X-re) telfore being permanertly transferred %c saze other
Type of work, laid off or cische.rged.

CONCLUSION

There is still a tremendous emount to be leerned aboutl preumoconiosis end
gust-procucing operstions. One thing, however, is certain -there is & very definite
tenfency to reguire compensation for industriel or occupationel cdiseeses, If these
co:.pense.‘.icr_ costs ere to be kept to e rinimum ané the heelth ené sefeiy of workman
ere to be rroxoted it will be necessary to make furtlher studies end to prompily
ecept efeguate preceutionary meesures, liany of these are now in effect, the others
should be put in force as soon &s possidble. After years of study and direct contect
with <he ITust Froblez, lr. Den Harrirngton, Chief, Heelth and Saf ety Pranch, United
Stetes Zureau of lMines, hes come to this conclusion (Eng. & Nir, Jour. liareh 1937
P2s, 116-21) with which we ere heartily in accord

“In the paze of uncertainties comnected with elmost ell pheses of
the causatior end diagnosis of dust disease, about the only reelly
wellecezermined fact aveileble is that breathing large quentities of
cust {or possitly of certain dust) over extended periods is likely
undéer some concitions to be harmful to health end that subsequeant al-
levietion or cure is difficult or impossible, Therefore, it would
seer to be logical to try to prevent dust formetion thus preventing

* froz herning workers through respiretior or otherwise, Here is a
reel job for the englineer, and little or no help can be expected in’
these vitel Nmctions from eny agency except the engineers and operate
ing officiels,

"The most haermful of the oriinery dusts to breath is probebly
silica dust, but, on the other hand, not even free silica, supposed=
ly the most detrimental of the silica dusts, is harmful unless it is
breathed, in considerable quantities and over extended periods. No
huren being ever lived any considerable time on this earth of ours

without breathing silica dust (free silica dust), yet by no meens all
of 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 factor in dust respiratory harmfulness,

"One common-sense answer is that eny etmosphere in which dust is
visible to the naked eye is certainly too dusty to be breathed with
8efety by huzen beings, end the wise, farsighted, humen employer wiill
immedietely start to decrease the dust content in any atmosphere where
Cuct is Tisitle, After ne res elirineted visible dust. there ney
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still remain enough very small invisitle dust to ceuse 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 visitle dust it is certain
that much o7 the smaller invisitle, and probatly most harmful dust hes

also beer removed,

"™anifestly, if dust is kept out of the air breathed ty workers,
the latter cannot succumb to dust diseese of a respiratory cheracter."

In closirg, we acknowledge with gratitude the support and coopersiion of
Dr. W. J. Deuno, General Medical Director, Standaré 0il Compeny (New Jersey) whose
vision and active interest in Medico-Safety problems made this Dust Stucdy possibvle,
We also appreciate the acyice and assistance rencerel ty:
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