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FOREWORD

Because it is the duty of iadustry to protect its employees
ancd because no comprehensive survey of the hazards incident fo oc-
cupetiornal dust protlems had yet been made, 1% was felt thet here
was &z opportunity %o rezder a serivee to the perrolewm incustry
and its exployees by makizgz such & survey.

I+ is hoped that the informatior presented in this bulletin

will assist in firding proper ermswers to sonme of the many gquestions

hich have recently arisen concernizg the heelth hazards of employ-
ees whose wark izvolves exposure %o dus s of various origim

An attempt has been made to consolidete opiniorns from the
most experienced studerts of occupati al-dus‘; protlems to show the
relative hezards of dusts and the duretion of exposure which umey
prove harmnful to the worker,

Furthermore, a study of the prevelence of dust perticles oc-
curring in various operations in the petroleum industry has been
made and included in this report; alsc a descriptioz of the pro=-
tective devices and equimert provided for the protecticn of the
work=en,

This report should serve as a guide to operatizg executives
and safety engineersin hendling persommel and inproviding adequate
protectioz in dusty occupatiors, It should also resolve many of
the fears and gquestions of industrial werkers in these occupations.

The stwdy confirms an opinion that dusty occupetiors, thor-
oughly understood and intelligently handled should result in no

serious disability,

Willerd J. Der=o. M.D.
General Medical Director
Starderd 0il Company (N. J.)
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DUST PRODUCING OPERATIONS IN THE PRODUCTION OF PETROLEUM PRODUCTS
"AND ASSOCIATED ACTIVITIES
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»

- Long Jooked upcon as otjectioneble, dust *odaey is also recogmize
ed es especially wizh regard o occupstiozal disease (Pneuwmoccniosis) end
dusst ez*_:;os:o.. . Since the dust excowumtered irx the production of Petroleum producss
eni associeted operations are none-explosive wmder ordinery working conditiozns. no
Sorsrner attenztion will e devoted to this phase of the dust hazerd,

tudies heve revealed the: +he +ime elenment (exposure) end the concexsretion
ize of <he dus®t par<icles are major fectors im producing health hezerds., Zere-
1f0icwlsy hes been encounterec in destermizing actual dust concertratioms end
the particles, bul recently ceveloped irnsirurents such as the Zeiss Koni-
re<zer exi +the Beusch & Lambd Dust Counter meke it possibdle to obtaiz dust courmts and
estizete size of dust particles wnhich, while not absolutely accurase, are izdicetive
¢l trhe dustiness of the ares,

w6

e Ky

The data presented in th s memorendurm are based upon zaterial taken from the
availatle literasure onm the subtject, upoz field irnvestigations and conferences with
technical specialists and upon 1008 actual dust counts made with a Zeiss Konimeter,
usizz & 20 to 30 microm (e microm is about 1/25 000 of an inch) porcelain fil<er,

In the repar~t of the Prevexntive Engineerizg Committee of the Air Eygiene
Toundatioen, Professor Philip Drinker of Earverd, chairmen, and other technical
specialists on the Camxittee write:

"If the breathing of dust causes disebility of exmy sort = silicosis is
only one manifestation - then it follows that there must be some degres of air
cleanliness from which po disability will result to the average man during the
average working period, )

"There is no satisfactory medicel answer at presemt to this question, but
the exgineer is making & bad mistake 1f he lets men breathe heavy dust concen-
trations of any 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 fantastic damages for alleged silicosis were granted to men who dreathed
dust containing little or ne silice. The Courts and Campensation boards are
not impressed with subtle distimctions bhetween dusts with 10% and 40% quartz,
especially when medical experts are reluctant to make definite statemernts as
to the comparative significance of such differences.

"It would be well %o realize that men werking in dusty trades suffer far

more Iroz respiratory troubles of all kinds then do men who work in cleax eir,
The evidence that excessive dustiness of azy kizd is harmful is beyond ergu-
mext"”,

EM001491



-2
PART I - DUST AS A HEALTH HAZARD

I - WEY IS TEZ DUST PROBLEM SO IMPORTANT? = Although the subject of the health
of workers in dus.._{ trades has been receiving considerable attextion from students of-
industrial hygieme for a nunmber of years, the seriousness of this problem was not
f*.:ll;: realized uztil it was brought sharply to our attexntion by the comstantly growe

ng cowmtry-wide wave of lawsuits instituted in behalf of the vic<izs in owr ocarmeon
"a.w courts, by the magnitude of the generous verdicts awarded by the juries and by a
recen- decision of the Federal Circult Cowrt reversing the substartial award of a
jury in & New Jersey case (Pemcsylvania Pulverizing Compeay vs. Eldred G, Butler),
: “o these develomments, the problem cerzot be igzored or trushed aside as merely
azother form of "racketeerizg” by unscrupulous lawyers azZ conspiring doctors, Dodgizg
+ne issue caznot provide the needed solution bSecause evern the most umscrupulous
lawyers cacmotcreatea pathologic lung at will and, {arthermore, even the most skope
+ic of coroners freguently finds himself corroboratinz a diagzosis by his postmorten
exemizationm, Imlightened industrialists arnd the medical profession as well as the
bench axd tar, have came <o the realizaftion that exposure to certain kinds of dust,
such as ithose coztaizning considerabls amounts of quars: (silice.) has increased <Re
uzheal<hy bodily condition and death rate froz respiratory diseases; wnile metallic
dusts, suck as lead and its carzpounds, have beez associated with general systexic
poisoznizg of workers, "Silicosis" is now a definitely recogmlyed disease which is
destized to become one of the foremost axnd mos:t serious of occupational diseases of
the Juture because the mumber of workers iz dusty <trades is larger than almost any
other group exposei to a single kmown industriel hazerd, The Mclafirey Act, which
became effective Septemter 1, 1938, amerding the New York Compensazion Law, ircluded
silicosis as axn occupationel disease subject Lo compensatior.

Sixteen s"a.“es, as woll as those of the Federal Goverzment and of Zawaii,

erto 2ico, and <he Philippire Islanmds (U,S.Dept.of Lasor 3ull, o, 625,3ur.lebor Sta=
stics), have ~or]c:e:1 s Compensation Actswhick include compexnsation for oceupational
seases, either expressly or by Judicial icterprezasiocn, or specific occupatiozal

se

ase acts.

t1s
di
di
I1 - WEAT IS MZAXNT BY "DUST"? « According to Webster's Tzabridged Dictiorary,
"Just" may be defined as fine, dry particles of earth or other metfer socomminuted
that they may be raised and welfted by the wind; <hat which is crumbled *o minute
portions; fine powder. As pointed out by Philip ITrizker in a paper read before the
Chemical Sectior of the Natiomal Safety Comgress (held in Atlamtic City, October,
1935), dus+s include all types of dry earthy particles small enough ‘o be blownabout
ty ordinary air currents. Dust suspensions may be generated as the result of gripnde
ing blastiznz, or camxuiauting process; or <they may result from the handling of fine-
ly divided ratverials as in mixing processes, ir sweeping, or the blowing about of
wood flour. plant pollens, or comnon road dust, There is no chemical limitation im-
plied By the term "dust" while the rarge in size of dust particles extends from the
sub-microscopic to small sand grains, Mr. D, Zarrirgton, Chief Health and Safety
Branch, U.S.3ureau of Mines advises that dus® as applied to health and respiratory
conditions may be wet as well as dry. TUnder same conditions, such for example as in
wet drilling in mines, the escaping air from the drill hole may (in fact generally -
does) contain a certain amount of entrapped solid material which undoubtedly is wet
ratiier than dry, yet it remains in the air sufficiently long in some instarces at
least to be breathed by the workers to contribute to poscible health trouble, The
size of dust of importance from a hygienic standpoirt are those under tez microns,.
Iz fact, the sizes found in industriaml atmospheres are under two microms for the
larger majority of particles, say 90 to 95 per cent. Thysiologically, there are al=-
most as rany different classifications of dust as there are authors on the subject.
Zowever, accoréing to Professor Drinker ("Dust, Fuxes and Smoke", Intermatiorzal La=
bor Cffice, Qceoupation axnd Zealth Tol,1, 930, P.SOS)'all of these classifications
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are without much prectical importance, since indaily practice in industry the harmful
effect ig exercised more frequently by dusts mostly of mixed origin. Besides, what is
most important is the physical and chexmical constitution of the dusts and consequent=
1y their action on the system,

III « WEBAT ARE TEX PEYSICLOGICAL EFFECTS PRCDUCED BY TEE INEALATION OF DUST? = To
be harmful from & respiratory viewpoirt, dust must be of sufficient finess <o pess
through the nasal filters and be retained in the slvecli (minute air sacs) of the
lunzs. Particles found in autopsied lungs are of the order of one micron (a micron
is 1/1000 of a millimeter or about 1/25,000 of az inch) or less im size - about the
size of the cocmoz bacteria. Scome dust par<icles foumd in lungs are as lerge sas
five or six microns although these sizes are rather exceptiorasl,

Thereare five distiznet types of reaction produced in men as the resulv of intal-
ins dust., These reactions may be hroadly classified, based on the primery cause, as

-

follows:

(a) Those which result in lupg fidrosis, commonrly referred to as pneue
mocoriogis, These dusts contain free silica, asbestos, etc, Howe
erer, i+ is not necessery for fidrous tissue to be formed iz order
for the disease to be classed as "Pneumoconiosis”,

(r) Those which are toxic ané are absorbed imto the blood stream such
as lead, cacdmiwum, ete,

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

(d) Those wrich are allergic in charscter, such orgaric dusts as pollen,
pulverized wood and lour, etec, The breathing of pulverized wood
and flour is frequently associated with tuberculosis,

(e) Those commornly referred to as "nuisance dusts”, These may cause ire
ritation of <the respiratory tract or passeges and may cause con=
siderable discamfort, also headaches of the dry "masal” pessage or
sinus type and exposure to thex may be associasted with a high ine
cidence of respiratory illness,

The rate and extent of these reactions are dependect upon the resistance of the indi-
vidual, the exposure period (comcentratior of particles and lezgth of exposurs) tem-
perature and humidity of the eir, rate of work, and the percezntage of ingredients
which are harmfql, -

Owing to the length of time required to obtain a resction by inhalation metha
ods, the United States Bureau of Mines and the Public Health Service adopted about
twelve years ago, & method of injecting small quantities of the dusts tobe studied
into the peritoneal cavity of guinea pigs, ("Respense of Peritoneal Tissue of Dusts
Introduced as Foreign Bodies™ by Dr. John W. Miller, Dr, R.R.Sayers and Wm, 7, Yant,
Jour, Amer, Med, Assoc, Sept. 22,1934 - Vol,103,pps, 907=-911), It was found that iden-
tical reactions occur in each animsl injected with the same dust under the same cone-
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 sufficlently 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 resction, the dust neither caused an increase in the size of the nodules
nor disappesred from the tissues; instead there was more or less & change in its dis-
tributicr. Soepstope, carborundum (Silicon Carbide), jeweler's rouge (Ferric Oxide),
anthracite coal, bitwminems coal ané certain filter clays have inert reactions, Cal-
cite, limestone, precipitated caloiwm carbonate, gypsum, and Portland Cement exhibit-
ed an absorpticn reaction. Quartz, chat, certain filter clays and flint produced a
proliferative reaction. )

.The 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 ebsorption or proliferation. Since the remction elicited by dust was
constant and uniferm in all of the animals injected with the dust, it is believed
thet this response of peritoneal tissue to various dusts can be used as a test to de=~
termine the possidle hermfulness of industrial dusts,

The fitrosis-producing properties of a Georgia filter clay (30-60 mesh grade)
a sample of American comtact cley and a German contaect cley were tested by the Intra-
peritoneal Method, under the direction of Dr. R. R. Sayers, Medical Officer in
Cherge, U,S. Public EHeelih Service, The Georgia filter cley showed an inert reaction
with a slight tendency towards e proliferation in the 90-day test, The Americancon~
tact clay showed an inert reaction with evidence of same slight absorption or dis-
appearance of scme part of dust in the 180-day tests. The German contact clay caused
the formetion of light yellowish-brown nodules and as the interval between the in-
Jection end the examira+tion increased the nodules became somewhat flattened, but the
emount of dus<t and the approximate sire of the nodule remained the same 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 dacgerous as pure silica,

In cazmenting on the results of the tests with the Georgia filter clay and the
American contact clay, Doctor Sayers advised that the results of the test indicated
that the filter cley is more harmful then 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 can be attributed to the presence of 5-10 per cent. quart:z
(Petrograpnic), Gypsum in the Americen contact clay may account for the slight ab=
sorptive reection. Doctor Sayers advises that an inert dust, if breathed in suffi-
cient concentration, may be harmful. These tests were made ln accordance with the
procedure described in Reprint #1608, Public Health Reports, Vol, 49, No,3, January
19, 1934, pps, 80-89,

The inhalation of dust gives rise to "Pneumocoriosis" a term derived from the
Greek pnewnon, lungs and konis, dust, and used to designate a pathological condition
of the lungs caused by the inhalation of amy dust. It includes SILICOSIS, a chronic
disease of the lungs caused by the inhalation of minute particles of free silica
(Si02) dust which produces a permeanent incapacitating alteration of the lung tissue;
ANTHERACOSIS, the black lung of the miner due to coal dust; ANTHERACO-SILICOSIS, the
newest of our mineral dust affections and introdused by the United States Public
Health Service as a result of their studies in the Anthracite District of Pemnsyl-
vania., This affection is the result of breathing anthracite coel dust that contains
§ilica. The common neme for the affection is "Miners! Asthma™; CHALICOSIS, the
gray-black lung of the stone-cutter due to stone dust; ASBESTOSIS, in asbestos
workers due to esbestos dust; SIDEROSIS, due to breathing dusts of iron ors (The
lungs are yellow or red from metallic oxides generally of iron,); BYSSINOSIS, due to
cotton particles and vegetable fibre dust, and PNEUMONOULTRAMICROSCCPICSILICOVOL~-
CANCKONICSIS, a special form of silicosis caused by ultra-microscopic particles of
siliceous wolcezic dust. Silicosis, Asbestosis, and Silico-Anithracosis are the ozly
three forms of prmeumoconiosis which require practicel attentiorn,
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While the type of pulmonary lesion depends on the particular dust inhaled, the
wnderlying pathological principle is the same in all forms of the disease, namely, an
ultimate fibrosis and replacement of the elastic lung tissue by & hard umyielding fi-
brous tissue, All occupatioms that expose men to large amounts of dust mey cive rise
to pnewmoconiosis but not necessarily to silicosis, It is now generally agreed that
in order to produce the latter, (silicosis) inhaled silica dus:t must reach the lungs
in & cherically uncombined condition, in very fine particles not more thexn ten mi-
crons (10/25,000 inch) in diemeter and in sufficient amount and over a sufficiently
long period of time. In relatively recent literature it appears that the proponents
of the idea that only "free silica" is harmful are beginning to have scme doubts and
to have the thought that possibly some silicetes may under some conditions be herm-
ful., Generally speaking, the necessary length of exposure to produce silicosis is in
direct proportion to the sire of the dust particles and inverse proporticn to the
dust concentration and the amount of free silice in the dust. Silicosis is char-
acterized anatomically by a generalized fibrosis of the lungs and clinically by short-
ness of breath, decreased chest expension and a progressively lessened cepacity for
work which is out of propertion to the objective physical findings. The effect of ex-
posure to dust such as silice is cumulstive, the rapidity of development of the dis-
ease depending upon the time and amount of inheletion, Silicosls may develop to the
point of causing symptoms only after several years exposure to silicious dust, but it
mey be progressive in same cases even alter exposure has ceased and may cause symp-
toms or become disabling long after the workman has left the environment that caused
the condition, Some may improve or at least remairn statiomary in the absence of in-
fectiorn, Watkins-Pitchford (J.Ind,Hyg.$,109 - 1927) tells of Welsh miners who passed
the physical examination for enlistment in the EBritish Army, fought through the World
War, then came back to England, and died of silicosis, Unfortunately, it is not
stated whether these persons died from silicosis complicated with tuberculosis. Brit-
ton and Eead (J,Am, Med,Assoc. 96, 1928 - 1931) give more detailed descriptions of
similar latent cases in the United States,

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

as

"A ohronic disease due to the breathing of air containing silica
(Si02), characterized anatomrically by generalized fibrotic chenges
and miliary nodules in both lumgs, and clinically by shortmess of
breath, decreased chest expansion, lessened capacity for work, abe
sence of fever, increased susceptibility 4o tuberculosis (some of
all of wkich may be present), and by characteristic roentgenolo-
gical findings,"

In other words, silicosis is a disease of the lumgs in which the normal lumg
tissue is replaced by scar tissue due to breathing air containing silica dust., Un-
fortuna<tely 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 among apprehensive employers
ageinst whom claims had been filed by alarmed workers, and the necessity of thoughi-
ful consideration of the silicosis problem, the Secretary of Labor on April 14, 1936
called the First National Silicosis Conference attended by more than 300 persons
representing workcr's, employers, State and Federal Agencies, Insurance companies, and
other interested groups., Four Committees were organized to study specific phases of
the silicosis protlem; end assemdle the essential fects about silicosis in a series
of reports; also to present specific suggestions for silicosis preventior and
straighten out other difficulties that silicosis has created, Reports made by these
Cormittees were formally acopted at & second conference held Febtruary 2nd and 3rd
1927 in Washington, from which we guete:
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"While a few persons may still be of the opinion that such workers" -
(Workers having silicosis) "ere '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 from bad to worse, Perheps it may be wise
to +rensfer some workers to other employment, but many may de continued at
their reguler occupations if known methods are applied to control the dust
ard if special care is employed to prevent the development of tuberculosis,
pneumonis and other lung complications”, ‘

"Contrary to popular belief, silicosis is slow to develop, Usually it takes
seven years or more of exposure to silica dust for & worker to coriract the
disease. It is said that & few cases have been knmown to develop in as short
a period es 1-1/2 years, but these were under extreme and wusual canditions,
On the other hand, many workers have latored under ordinary exposures to
silica for more then 30 years without demonstreting any trouvble whatever that
could e diagnosed as silicosis".

For *he convenier: diagnosis of silicosis or of silicosis complicated by tu-

terculosis, the pulmecnery chaenges are classified in three stages by Drizker & Eatch
"Industrial Dust" - 1926)., In the first stage, the disease produces no diebility,

The victin cexr 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 becozmes severe and he is likely to contract pulmonery tuberculosis, generslly
witiy fatal results, Whether he contracts tuberculosis or not, the advenced sili-
coxic is fer btelow nor—al and is very susceptible to all respiratory ciseases.

These three stages of silicosis can be distinguished by X-ray. Acomperiscn
of the X-ray plates of & silicotic with thoce of & normal percon of like age and
physique shows, iz the first stage, distinctive shadows, evenly distributed in both
lungs. These may be missed or misinterpreted by any but an expert; but the changes
in the seccnd and third stages are obvious even to 2 laymen. It is, of course, es-
sentiel thet the X-rey plates be properly mede. Dr, Pancost azd Dr. Pendergrass of
tre University of Peznsvlvaria have given extensive study to the influence of X-ray
iechnigue on the diagnosis of silicosis. Pendergress is of the opirion that shedows
send appearances of fitresis can be actually produced by the technigue employed.
Under other conditions, existing fibrosis can bte extirely missed by use of improper
technigue,

Silicetes as a class are by no means harmless. It was poirted out by Dr. ER.
2. Sayers (U.S, Putlic Health Bulletin 221) that Miners' Consumption was rather com-
mon in the Broken Eill district of Australia where the rock conteins considerable
sillimanite (Alp SiCs), fibrous silicate, end a rether low percentage of quartz
(12,23%), The studies of Badhar (Rept.Dir,Gen. Pub, Health, New South Weles) give con-
sideratle support to W. R. Jonmes' (J.Hyg.15,307-1933) contention that silicates,
particularly the fibrous varieties, may well be the cause of pulmonsary disability,
Badham in 1927 coined the word SILICATOSIS to cover disatility from the inhalatien
of silicates, Other silicates such as Tele (Hz Mg (S303))4; Shele; Kaolin (H4 AlD
5i2 Og); Feldspar; Cryolite, (Nez AlFg ); and pure Mica give much less specific changes
then quartz, 4 moderate fibrosis may appear after exposure to numerous materials
but this fidbrosis is usually not disebling, According to Dr. lanza, "Silicatosis"
is not a recognized term in this country and disability from the inhaletion of sili-
cates has not been proven,

Dr. Cary P, McCord (Ind.Med, July 1933, pps.4=12) states that all silicates
teken 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 usizg industries, Antecedent tuberculosis, qu%escent, may flare up as & result
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of exposure to silicate dust,

Asbestosis - According to authorities cited by Drinker & Hateh 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 that the asbestos fiters group
about the neck of an alveolus and shut it off, causing what is known as "Atelectasis",
There is po definite migration or trensportation of the dust perticles to the lymph
nodes and no fibrous nodules, As the atelectatic arees increase the reduction in
lung area causes serious dyspnea or leborered breathing. Dr. A, J. larze (U.S.Health
Repts., 50; 1 - 1935) suggests that the enlarged hearts noted ‘requently in his
cases of second stege Asbestosis may be due to the increased load on the heert, It
takes more work to pump blood through the fibrosed then through the normel lung. Re-
cer= puthological studies from human lungs from cases of astestosis have indicated a
¢iffuse type of imterstitial fibrosis with a certain amount ol erphycene,

IV - LE2T IS THL MAXIITM PZRMISSABLL DUST CCUCINTRATICI? - There appears to be &
wide veriatior ir the maximum concer<trstion of dust which might be inhsled without
subseguent izjury to workmer. Sore dusis (as lead) are deterrined by chemical
methods and the concentretions in air are recorded gravimezricelly as millizrems per
cubic meter, ZEowever, the availeble informetion on the amouznt of leal dust that is
herm™] and <he methods of determining leed ere better end more accurate then those
for silica dust, It is rather well agreed that an intake of abovt 1.5 milligrams of
lead & day, wrether this is acquired by bresthing dust or by drinking weter that cone-
tains lead, 1s the meximum ellowable guertity. Others (as silica, where size is 8
factor in determining dangerous particles), are ususlly given by count, Neither
me<hod tells +he whole story, but in both cases it may be possitle to secure the in-
formation necessary for the purpose,

The maximum silica dust concentration considered permissible in the air breathe
ed by a workman st any point in the normel breathing zone has not beez definitely es-
tatlisned. There is consideratle difference of opinion regarding the range of par-
ticles <hat are counted when using the Public Health Service technique and light
field illucination. Bloomfield of the Urnited States Public Health Service anéd Brown
of the United S<tates Bureau of liines contend <that they count particles from one mi-
cron ard upward, or even O,7 micron and upward, The Industriel Commission of Wis-
consin and its Advisory Cormittee, composed of both employers end scientists, howe
ever, agreed in 1932 on a tentative figure of 15 million countatle particles under
10 zmicrons in longest dimension with free silica content of 35 per cent in a cubic
foot of air as determined by United States Public Health Service technique, Varia-
*ions in free silica content will make proportionel inverse changes in this standard,
In the case of practically pure silica, the permissible dust coun% should probably
never exceed 5,000,000 countable particles. By countable particles is meant those
particles tetween 0,5 to 10 microns in the longest dimension. Particles of this
size are the ones that are believed to cause the greetest damage and form no visible
¢loud., Dust particles smaller than 0,5 microns in the longest dimension are not
ordinarily countable. Dust particles larger than 10 microns in longest dimension do
not ordinarily reach parts of the lung where they cen produce lnjury of & respira-
tory nature. Most industrial dusts have but few particles above two or three mi-
crons in size. They are usually sbout 90 to 95 per cent, below two or three microns
and 50 per cent, below about 0.5 to 0,7 microns, An exception to this would be a
dust sample taken clese to the point of generation of dust and before the lerger
particles had time to settle out of the air,

In South Africe the figure is 1 milligram per cubic meter (or 300 particles
per cubic centimeter. or approximately 8,5 million per cubic foot,) Dr, Lanze found
in 1917 in the Joplin, Missouri district that with good engineering practice, &
figure of 1 milligram per 100 liters of air could be attained, This value attribut=
ed to Lazza eppears too high in comparison with the South Africar standerds, As there
1
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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 Toot, With good en-
gineering practice, lower concentrations than this can be obtained, In fact the ex-
perience in South Africa ard also the present experience in this country indicates
that it cen 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 FPenmsylvania, found that 50 million particles per cubic foot with
5 per cent. gquartz in the coarse dust and 10 million particles per cubic foot with

35 per cent. quartz were apparently satisfactory and often were attained, The figure
of 10-20 million particles per cubic foot for grerite dust with 35 per cent. quart:
content is often quoted from the Vermont granite studies of the United States Pubtlic
Zeelth Service., From & consideretion of general experience, Cumnmings suggests 5 mile
lion particles per cubic foot as & threshold for dusts high in gquartz, This fligure
is bzsed upon & combinatiorn of South Africa, Australien and American experience but
lacks ertirely any publisnea cata in its support.

According to studies quoted by Fhilip Drirker end Theodore Hateh iz their book
"rrndustriel Dusts" 10 to 20 milliorn particles per cubic foot by the impirger sampling
me<hod, light field counting is a reasonatle figure for cement and limestone, Recent
work ty Ireessen cornlirms the universally accepied opinion that dusts high in calcite
ancd low in quartz do not produce disabling fibrosis., The threshold figure of 0,15
millizren per cubic meter is giver for lead dust, presumebly litharge and white lead,
or othe: solutle lead salts,

I+ should be roted thet mary of the data were not determined as the Medical
reguirement, but as being attairzable in good practice and apparently satisfactory
fron s safety standpoint, It shovld be further noted that the accepted figures are
only relative due to the indefinite powers of resistance of an individual which are
en unkmown quantity, Ore individual might resist a proportion of 200 particles per
cutic centimeter, while ancther would react unfavorably to 50 particles. The worke
er's physical condition prior to the exposure is of great importance, since a yowng,
healthy individuel usually cen stend a higher concentration or longer exposure befcore
the first staege of silicosis is developed, However, far greater influence than
phvsical condition might be the abllity of the nose and respiratory passages to ar-
rest cust,

In their report to the National Silicosis Cornference the Cormittee on Pre-
vention of Silicosis thrcugh liedical Control pointed out that since standards of safe
gitmospheric dust concentration, based on medical findings have been estatlished for
oz2ly a few indusiriel dusts, end in view of the fact that consideradle study and in-
vestization will be reguired to establish standards for other industrial dusts, some
tentative standard would be useful. It was also stated that this arbitrary standard
should be based upon what is believed to be within the limits of good engineering
practice provided, it will largely control the silicosis hazard for most industrial
exposures. They, therefore, suggest that

"The maxirum permissible concentration of silica in the air breathed might be
expressed ty the following formula. (Determination of dust concentration
sccording <o technigue described by United States Public Health service in
Reprint Mo, 1520 from Putlic Health Reports. March 18, 1832):

Multiply the percentage of free silica by the total particle dust
count, Il the result is under 5 million, the condition may be con-
sidered permissible. IS the result is over 5 milliom, the condition
may be cornsidered too high., For example,

10% free silica with an average totel dust concentration of
30 million particles per cutic foo: would give .10 times

1
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30 z4llicn, which equals 3 million (good practice)s; 30%, with
everage total dust concentration of 50 million, would equal
.3 times 30, or 15 million 9 (umsatisfectory).

This formula is not appliceble to amy dust containing less than B%
free silica,"

Theodore Eatch in his article "Some Fundamental Dete or Mechanical Dust Traps" (Tech,
Pud. No. 6374, 50, Amer. Inst, Min. & Met, Engrs., Aug,, 1935) gives these

Safe Dust Concentrations, Impinger Samples;

(Light Field, Low Power Counts. )

Xind of Dist Maximum Permissitle Concentration
ctaining no Silica. . . . v e e e e s e e 50 millions per cublc foot

Co:tai**ng any small amownt o‘ silics,

free combimed. . . . . . 4 4 v 4 0. 30 " " " "
Coztaizing 20 to 40 per cent,

Free Silicl& o v ¢ v ¢« ¢ ¢ o o ¢ o 4 o s 10 " " " "
Greater than 40 per cent.

Free Silicl . v & v 4 v 4 e e e e e a o 5 " " " "

(Preferably as much less as possible)

Dr. R, R. Sayers, Medical Officer in Charge, Industrial Eygiene end Sanitation, T.S,
Public Health Service in answer to a question as to permissible dustiness writes:

"During recent yeers, 1t has been customary to recozmmend threshold
or permissible dust limits ranging from five to ten million particles per
cubic foot as determined by Public Eealth Service technigque, especially
with dust in which the percentage of free silica is above five per cemt.
There is no basis for the epplication of this criterion to all dusts, but
it iz gezerally considered a safe practice and one which can be attained
in most industries by exhsust ventilation, wetting, or other methods of
dust control,”

As pointed out by Drinker and Hatch ("Industrial Dust” - 1836) it is wnfortu-
nately izpossible to evaluate dust exposures with the arithmetical n nicety that we
should have liked yet it is commonly cleimed -~ by laymen - that prolonged exposure to
low concertrations 4s just as serious as short exposures %to heavy concentrations,
This claim is oontrary to a fundamentael law of physioclogy., In discussing the sub-
Ject Clark and Drirker ("Industriasl Medicine™ - 1935) remark that ".....a sub-thres=
hold stimulus (dust inhalation) for a long time produces no reaction whereas a rela=-
tively brief super-threshold stimulus may cause a reaction", If workers are exposed
to sudden heavy comcentratioms, the threshold values suggested previously would be
correspondingly lowered, However, most threshold values are weighed -~ an average
of the ranges,

V - BOW MAY TEE CONCENTRATION AND CHARACTER OF INDUSTRIAL DUSTS BE DETERMINZD?
The properties of a dust which determine its harmfulness have been shown to be its
camposition, concentration (the quantity suspended in the industrisl etmosphere), 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 & deteiled study of both the
concentration mnd the character of the dust in connection with medicel and engineer-
irng surveys,
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The Impinger Apparstus developed at the United States Bureau of Mines,
Pittsburgh Experiment Station by George Smith and Leonard Greemburg, (Described in
Repriznt No, 1528 from the Public Eealth Reports Vol.47, Ne.12, March 18, 1932 pp,
654=-675) has been employed for more than 13 years as & standard instrument for dust
studies. Irn 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 collect-
ing plate. The rate of air flow is fixed at one cublc foot per minwte while the
duration of the sampling period is dependent upon the dust concentration. The air
passes through an orifice in the bottom of the impinger tube and strikes glass col-
lecting plate which is subtmerged in 3 cm. depth of distilled weter 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 lebora<er: (coumting) work 1s done within & few hours of taking the sample. )
This affords <he means for accurately determining the quantity and size of the par-
ticles. The liguid is then thoroughly sheken to obtain & uniform distribution of
the particles; filtered to remove those over 40 microns in size and again agitated,
Semples of approximately 1 ce. are teken by means of & pipette and placed in Sedg-
wick-Rafter counting cells, The use of a suitable microscope equipped with a Whipple
micrometer disc to aid iz countizg. will permit the determination of the number of
perticles in one gquarter of the microscopic field, From this figure, the mumber of
perticles of dust in 1 cw ft. can be calculated. One special advartage of this ap-
paratus i1s the fact that enalysis of the sample can be determined by counting, by
weighing or by chenmical analysis., The impinger method is neither simple nor extreme-
ly cenplex; however, reliable results can be obtained only by well trained, compe=
tert and experienced investigators, However, owing to the wide use of the impinger
in previous investigations thet have been correlated with the pathologicsl findirgs,
an impinger should be used for any investigation which is to ineclude pathological
findizgs or where the results are to be introduced as evidence in court. Some state
codes on dust control recognize the impinger method, The Urnited States Bureau of
Mires has practically completed the develomment of a "Midget" impinger which has most
of the good characteristics of the impinger but lacks most of its drawbacks. This
midzet impinger will soorn be available end will greatly simplify both sampling and
counting,

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

A mumber of instruments are aveilable for makirg dust determinations for con=-
trol purposes. Among these is the Konimeter which calls for but little skill in
sampling. It is light, simple and quick to handle, needs no power for operation and
requires only a microscope for counting the particles, The Zelss Konimeter consists
of a microscope which zives & magnification of 200X, ean 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 guantity of sair against the sample disc
which is covered with a sticky substance (glycerine jelly). This sample forms a dust
spot which can be examined under the microscope for a general idea of the nature of
the dust and the relative guantities present, or for em actual measure, a "dust count",
which shows how many dust particles are present in one cubic centimeter or in omne
litre of the air samples examined, The Xonimeter has'been used very widely in
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South Afriea (Final Report of the Miners' Phthisis Prevention Committee, Johannes-
burg, 1°19, p.10) end also in Canade., The U,S.Bureau of llines has also used it in
gsome of its dust studies, In discussing the value of the Konimeter in their recernt
book "Industrial Dust" (McGraw-Eill Book Co., New York and London -~ 193€) Philip
Drinker and Theodere Hatch of the Earvard School of Public Health write:

"It is the most compact and simple sempling device., Space is
provided for thirty samples on & single disc end no auxiliary
source of power is required for its operation. Crad samples
car be collected with speed and the fluctuations in dustiness
and the development of dust floods cen be reveesled iz e way
that is impossitle with more cumbersome apparatus. South
Lfrican experience involving the collection of thousands of
semples has shown that the figure cf merit given ty the Komi-
meter is directly related to the amount of phthisis - produc-
ing dust in the air, It is g valuable routire sanpling in
strument dut because of its low and selective efliclency, the
courts reported are probatly considere®ly below the true level
enéd they are not easily compered with data obteined in
Enzlend, for exemple, with the Owens epparatus, or in the
United States with the impinger,"

Experience has shown that contrary to Drizker's stetement, the Konimeter if
properly used, will give results that agree very well with those obtained by the use
of <re Irpinger. The U.S. Buresu of Mines Experiment Station at Pittsburgh in making
some comparative studies with the Konimeter and the Impinger found that an average of
five Lonimeter determinations was within about two per cent. of one impinger determi-
meticn, The reason for teking an average of individuml results obtained by the Koni-
meser, for comparison with those of the Impinger, is due to the fact that the Koni-
meter takes an instantaneous grab sample of smell volumes and owing to the hetrogene-
ous zature of dust in air greb samples do not represent the average conditions. The
Impinger takes a cozntinuous sample of rather large volumes and 1s thereby representa-
tive of the average, For these reasons, if it is desired to compare Fonimeter re-
sults with Impinger results it is necessary to take several Konimeter samples during
the course of the Impinger sample, in order to obtein everage conditions, We have no
correlating izformation of the EKonimeter with the 20 to 30 microm porcelain filter
ageinst the standerd impinger method.

A Zeiss Fonimeter, using & 20 to 30 micron porcelain filter was used in making
actual dust counts in our various dust producing operations, The particle size and
size classification was estimated rather than accurately measured and computed. Cnly
particles ten microns or less in sire 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
Apperatus" by J.S.Owens, Jour.Ind.Hyg.,Vol.14,1932,P,522), which has recently been
manufactured im this coumtry and the photographic dust counter, developed by Ficklen
and Ott, The Owens jet dust counter is 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 ime

portance,

The latest device for determining dust concentrations is the Bausch & Lomb
Dust Counter which was placed on the market a few months ago., This instrument cone-
sists of a dark-field microscope magnifying 200X, and an impinging apperatus mounted
oz a common base. The base is a hollow chember with the bottom hinged to provide
eesy access to the dark field condenser and a circular glass specimen slide. 3By reans
of & nand pump, which is part of the impinging dgvice, a sample of air is drawn
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through a moistening chamber which has st its lower end & parrow slit. The dust is
deposited through this slit on to the circular specimen slide in the form of a ribbom.
The slide can be rotated until the sample comes into proper position for viewing with
the microscope, or a maximum of twelve samples can be collected on the slide and then
viewed, The slides are quickly removable and replaceable. This dust counter is not
designed for accurate dust determirzation but rather as an inexpensive device for
roughly checking dust conditions, It has not been available long enough for athorough
test in actual practice,

The principal objection to instruments like the Bausch & Lamb Dust Counter and
trhe Owens jet dust sampler far determining nutber concentration is that their dust
collecting efficiency decreases with an increase in the atmospheric dust concentra-
tion and the fact that they take grad samples,

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

enough to gein emtrance to the lungs, very little attention need be given to determira-
tions of the exact sites of particles, :
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PART Il - DUST PRODUCING OPERATIONS STUDIED

WELT ART TEC FRINCIPAL DUST PRCODUCING OPzRATIONS? - In order <o determine to
what extent if eny, workers in the production of petroleum products end associated
activities ere exposed to the hazard of dreathing dust, a survey of ell dust produc
ing operations was mede at the verious plants concerned. These operations, listed
in order of thelir apparent degree of dustiness, are:

1. SAND - BLASTING

Cue <o the large mmount of finely divided silice dust produced by the impact
o® the zreims of send on the surface of the object teirz cleaned, sand-tlasting is
+re ros:z derperous silicosis hazard encountered in our survey. Send-blasting is
used vather ertensively wt oil yePimeries for cleening inside soeking drums, bubble
towers, tar separstors, run-down pens and storage tanks for metal inspectliorn end to
permit +re epplicatiorn of gunite liring es a means of preventing corresion. Keeder
toxes or other similer parts, tubes in cracking coll fire boxes and return bends
are send-“lested to permit a detmiled and thorough examinetion for crecks and dew
fects, Sand-tlasting is also employved in the renoval of corrosion from wmder floet-

vl

inz roof <anks; for removing roughness or rust from steel shapes or rods; for clean-
inz bell caps, tubtle plates, trays, and pipe prior to putting them back in service;
&lso on the enis of tubes preparstory to placing them for rolling; ané for cleaning
s wiich ere too large or fragile to withstand being tumtled., It has been

o z lirited extent for cleaning buildings end rendering window glass opaque,

Trhe crecking coil tubes, pipe, bell ceps, +rays, heacer-boxes end similer obe
jects ere usually sandblasted out-doors in the open air or in a more or less open
shed, both locations being es far removed as feasible fram any sheps, process units
or other working places, Coarse river sand is discharged through a one-half tothree-
querter inckh mozzle with compressed air under a pressure of 30 to 90 pounds per
square inch, The men at the nozzles stend to the windward side of their work end
wear a "Healthguard" (Chicago Eye Shield Company) mask, & Sly Sand Blast Helmet or a
Fresh Air Eose Mask covered with a cenvas hood. The men at the Sand 3last Machines
weer "Dust Safe" poggles and a M.S,A."Comfo" Respirator. The Mine Safety Applimnces
Company now has & sand-blast hood that is meeting with considerable approval by in~
dusiry ard also by the United States Navy Department. A blower is aveilable for
supplrizg air %o these hoods that cleans the eair, This same blower cen be used in
connection with air-line respirators.

When sand-blasting is done inside of drums having more than one opening, such
as soaking c¢rums, an air siphon is placed in the lower marhole which draws out the
dus< and allows a continuous circulation of fresh air through the drum, In drums
where the siphon cannot be used, the sir circulation is poor and the men work in
shifts ranzing from 30 minutes to an hour, depending on the size of the drum and the
amount 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 1s rotated so that in most cases 1t occupies less than twenty
per cent. of the worker's time and there is an intervel of 15 to 20 days between
sand-blasting jobs. Consequently, on the average, no one man is exposed ta more than
a combined totel of 400 hours during the course of a year, In discussing rotation
of men on sand-blesting jobs, Dr. Gehrmenn, liedical Director of the du Pont Company
wrotes

"It must te borme

in pind that silicosis is & cumulative disesse and,
therelfore, tne roteiion of nex

in this type of‘work cermot be considered
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as entirely preventive, Assumirg that a man works in an atmosphere of sil-
ica dust for several months, during whichtime he is bound to absort a cer-
tain amount of the dust which produces permanent damege in his lungs; he

is then removed and the possitilities are that the damsge which is already
done will be sufficient to continue on ancprogress 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 a large number of
cases of a moderate silicosis with some permanent disebility., The only
safe expedient which can be used is camplete prevention and this cer only
be done by eliminsting the dust."

Durizg our survey we found that mer ezgaged in send-blastirg, that is hendling
the reozzle or attending the sand-blast machipe, were more or less properly protected
wrile actuelly doing the work but ofen times they removed their protective equip-
mert before getiing comrletely away from the working aree,

A large amoumt of very small particles is produced bty sand-tlasting, In an
enelysis of dust samples collected both outdoors and indeors during sand-blasting,
the following distridution (Public Health Bulletin Ko, 217 = p,52) on a size fre-
quency basis wes found:

Size Grouv in Microms Ter Cent of Total
0,00 = 0e48icisenccvcocsirorocnocsonsas 1.4
2,80 = 0.99 . .iiiienereiiiieneracoacnns 1¢.7
1,00 = 1ed8..iiiiiveciriianensasinonas 34. 7
1080 = 1i80i.iiiereroranreinsncncnenns 20, 3
2,00 = 2449 ..citerinieiennniaanneonen 12.6
2.50 - 2.99%....... cerereereeseranesen g.2
3,00 = Ba4Ciiiciiiaiinniionns Cesraenaa 2. 8
1 - 1.6
4,00 = 4040, ...ttt iianerioncnssanas 1.1
4,850 = 4i8Si...iiiiiieniiiiinieianens C.2
5.00 @ Bid0...iiiieieiiennnerenirianne 0.2
5,50 = Buf0i..iiieniieiriiniieincainans 0.2

Wnile it has been estimated that free silica dust particles, 1 micron in diemeter, re-
quire 8 hours to fall 6 ft. in still eir; particles & microns in diemeter require

less than 1 hour to fall the same distance., Concidering this fact, it is apparent
that the cust 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 a 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 dus<t
exposure to other workmen., However, should it became necessary for any work to be
done in the vicinity of sand-blasting operations either on process units or the sand-
tlast sheds or yards, it should be remembered that there may be silica dust in the
air even though it can not be seen, Dust counts as high as 5,344,160 particles ten
microns or less per cutic foot were found in samples taken about 50 feet "downwind"
(wind blowing about 15 to 20 miles per hour) while sand-blasting cracking eoil tudes;
atout 987 of these cdust particles appeared angular crystalline under the Konimeter
microscope and were adbout five microns or less in size., Samples taken about 100 feet
"dowrwini" frem sand-blasting operation had counts as hich as 1,812,480 particles per

cutic foox. .
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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 Blest Machine feed
hoppers. The high counts were found whrer sand was shovelled into a smell circular
screen and shaken by hand, the lower counts, when the sand was simply shovelled ine
to the hopper. The aversge dust produced by filling or charging the Send-Blasting
l'echines was 4,950,316 particles, ten micrcms or less, per cutic foot,

Dus% coun*s as high as 4,984,320 particles, ten microns or less, were found in
serples taken inside a Sand-Blacting Room while cleening castings. The average dust
in *his room during send-tlasting wac 3,873,625 particles per cublc foot. About 80%
of these particles were angular crystalline three microns or less inm size and about
207 eppearel rounded, guartz-like crystels abovt ten microms in size. There were a
few rust-like sceles over ten microns in size and a very large number of minute dark
retallic particles too small to te covzted accurately. The dustiness o Ihis opera=
+ier could be greetly reduced by the use of steel abresives exciusively,

£11 of +he samples for dust courts relerred to ahove were teken at face level
iz the vicinity of workmen.

§,000,000 dus* particles per cubic foot is the temtative maxirux allowatle
lizit of dust perticles containing free silica of a size less than 10 microms recon-
meznded for sand-tlasting,

II . FILTERING OPERATIONS

The process of filtering is extensively used in the refining of petroleun
products to improve the color stability and to remove impurities fram motor lubri-
cants ané paraffire waxes., The three meterisls most commonly used for this purpose
arce Filter Cley or Fullers Earth, Contact Clay and Bone Black., Corsiderable dust is
produced ty the handling, charging and reconditioning of these materials.

L = FILTZR CLAY CR FULLIRS ZARTE:

Whet is Filter Clav or Fullers Earth? Filter clay cannct be identified fram
chemical compocition but consists of silica, alurina, iron ancd sllkmline earths in
varying percentages. The distinguishing properties are lack of plasticity and the
power to remove color from oils, There are numerous deposits of this clay and other
filtering earths in the United States; the oldest and among the most extensive are
those found clcse to the Floride-Georgia line. One of these, at Attapulgus, Georgis,
supplies a major portiom of the clay used by the affiliated Stardard Cil Cacrany
(New Jersey) organizations. At the mine this material contains oz an average approxi-
mately 32% silica and 45% moisture, The average composition after being processed
and prepared for shipment is approximately:

Si02eveencssessvessssnsencanas 67.46 per cent
Li} b4

Al20C3..... tesssessarsnescscees 10,08
FE00Zuearrevrsoronssoassnvonsas 2,49 " M
MEOeeseeennrecernsnneianeanaes 4,09 " W

Corbined Moisture€ieeeceececsaas 5,61 " "
Free Modsture,..oicereocecnnas 6.28 " "

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 coerse na-
ture and without appreciatle amount of fines,

There appears to be & wide variation in the composition and free silica con-
tent of filter cleys used in Furopean refineries, "Terrana" a Zerman Filter cley

used in Zolandé shows:
)
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Loss in calcinstion...ecveecsvess 6,05 per cent
Free Silica (Si02)eee.vuarveassas 83,27 " "
A1202 8nd FE20%e.uuieuvensenneses 8,27 " "

The filter clay used in Roumaria is reported as having 60,4 per cent. free
silica or 75,3% total silicates. "Grarosil" clay used in Belgium corniains 4 total
percentage of 72-1/2 per cent. of silicates expressed as Si02, The percentage of free

silice was not determined.

How is Filter Clay Mined and Prevared? -~ The deposit varies from 2 to 12 feet
in thickress, protably averaging about 7 feet. There is an overburden of about I§
feet which is removed by an electrically operated drag line or & steam shovel. The
cley is loaded into small cars, itransported to the wet clay shed where it is duxged
on to the drying floor and dried for three days. It is then picked up by orange peel
buckets, loaded into portable distributers and delivered to belt conveyors whichdise
charge the earth into roller crushers where it is reduced to sizes up to & maximax 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 trersferred to tandem oil-fired rotary dryers,
50 to 80 feet long ard six to sever feet in diemeter. In the 20 minutes regquired
for the clay to pass through the dryers the volatile and moisture content is reduced
40 to 50 per cen%t. to & maximum of 15 per cent. The average dust ten microns or
less in size in samples taken at various points around the dryers and comveyors was
1,564,969 particles per cubic foot. This rather low dust count is the result of the
izstallatioz of hoods with ducts to exhaust fans placed over the discharge points to
the cozveyors or elevators, Abcut 85% of these dust particles were argular erystal-
line in appearance under the Korimeter microscope and sabout five micrens or less in
size; about 15% were over ter microns in size, The larger particles had rough edges
exd appeared to contain several small air bubbles, The clay is removed from the
dryers to hot rock cooling tarks, then to a vibrating screen. The oversize is next
pulverized in a roller mill and the product comveyed to & sifter., An exhaust system
for +the mills ard elevetors has been installed, This process may be repeated until
the desired size material has been obtained and graded to standard mesh sizes, the
better known of which are 15-30, 30-60, 60=-90, and the 200 mesh. The 60-9C grade is
proctatly the mest cormonly used in the petroleu= industry vhen decoloring by percola=-
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 typlical screen analyses:

30 « 60 GRADE FILTER CLAY

Mesh Per Cent.

O7er 30 tiiiviiireririnereronsoncnns 2.7
30 = 40, . iiiiiiiieiiisi i iiaaaaee 47. 8
40 = B0....iiiiiiieiiietincanonens 40, 3
B0 = Blii..iieeieiiireieiiinsononna L5
Tm 82.Cl.Ilt'll.n!.tnlll......l.. 1.0

Total 10C. O
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FI'E3 (100 - up) GRADE FILTER CLAY

esh Per Cent.
Over 97 . ivvvunne Cedcesriarencrenns 0.6
97 = 107 ieeteceeanennnes Ceeeceans 22,7
157 = 200..... e tiees ettt es s 8,0
Thru 200, .t iverevsonssnannsss ceaarae €8, 7
Total 100, 0

There is very little dust produced by the sifting cperation, All of the con=
nections are designed to be dust tight but there is some lealkmge, Samples of air
taken e+ verious points around the sifters while in operation hed en average of
2,208,980 cdust particles less than ten microns per cukic foot, Abcut 85% of these
dust par<icles were slightly engular crystelline in appeerance and five microns or
lesc iz size; about 157 were slightly rownded semi-opaque tenmicrons or over in size,
The lerger perticles had small cracks or fissures and severel smell air dbubbles,

lien spend about two hours a dey cleaning, repeiring or replacing silk screens
ir, the sifters. Samples taken during this operation canteined an average of
2,035,040 dust perticles less thar ten microns per cubic foot. About 87% of these
dus® pariicles were earnzular crystalline in appearance and five microms or less in
size; about 37 were opague over five microzns in size,

Lfter being sifted and graded the clay is ready for shipment. The 30-60 mesh
grade is vleced iz burlep bags helding 128 pounds end loaded into railroad box cars;
about 40C bags to & car on en average, Dust cowmts of samples takexn during the fill-
inz of the bags with the 30=-60 mesh grade show that there are from 7,589,760 to
9,968,640 dust perticles less then ten microns per cubic foct which indicates that
all men enzaged in begging and handling bags in tHis area should wear approved respi-
rators such as the "M, S, A Comfo", About 803 of the dust particles in semples teken
during the filling azc hexzdling of the begs appear slightly anguler crystalline under
the microscope and are five microns or less in size; 20% are rownded crystalline, ten
microns or over in size.

Bulk Loading of railroad box cars with the 30~80 mesh grade produces clouds of
dust, but a major pertion of this dust is apparently larger than 30 microns in size
&s samples taken during this bulk loading had an average cf only 6,853,440 particles,
ten nmicrcns or less in size per cubic foot.

The Fines {100-up) grade is put imto 128-pownd cottor bags. Dust coumts in
sarples taken during this operation showed that there were from 4,644,480 tol4,216,640
dust particles less than tem micromns per cubic foot in the air being breathed by the
fillers, weighers, sewers and truckers, About BO% of these particles were rounded,
semi-opaque crystalline in appearance under the Konimeter microscope and five microns
or less in size; 20% were semi-opague crystalline from about seven to fifteen microns
in size. There were also a large number of very small particles about ane micron or
less in size,

How is Filter Cley Used? - Upon arrivel at the refinery, the begs of clay are
removed from the box cars by a crew of men usually from the General Labor Department;
the job being rotated so that the same mer do not do this perticular operation more
than perhaps twelve hours twice & year on an average. Goggles and "M.S, A Comfo"
respirators are generally provided, The clay is either trucked or dragged to an
elevator or conveyor hopper and cdumped and the bags are piled for storage. At poicnts
wrhere the clav is received in tulk, 1% is unloaded by & large wooder scoop pulled by
& motor driven dract-line. Unloading, handling, end dumping the clay is one of the

'
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dustiest parts of the filtering operetion, The amount of dust produced is of course

dependert on how the work is done, the ventiletion provided, and the care used by the
men doing the job., Here are same average dust counts of particles less then ten mi-

crons in samples taken during the unloading of bags of 30-60 mesh Attepulgus clay

Particles Per
Cubie Foot

Unloading and dumping bags (128 1lbs. ) into Hopper at &
Southern Refinery....veeeesinseecsesansss 5,803,456

Ducping clay fram Bags into Elevetor Hopper et a

Northern Refimery....eieeeevsesacacansn . 2,237,280
Eenilizg bags from Storage and Dunping into Zlevator Hopper
at enother Northern Refinmery..ee.v.cuveas 755,150

Irside Box Car Dwring Unloading,c.ceseessoscoesecossvossoscersssnss 1,110,144
Qutsice " " " i Gt eeereratitracerec e s onecanons 372,924
In Filter House Passageway being used to Truck Clay to

Elevetor NOPDPer....cicrvrvanersrincecsna 339,840
Aversge Dust Produced while sweeping up imside car after

UnloBdinge e ereeivienreennacenccaaronsans 651,360

Apvarently unloading elay in the bulk is less dusty than handling and dumping
of the clay in dags, Samples taken during the umloading of bulk clay gave these
average cowmts of dust under ten microms in size:

Inside car during unloading,..evevoeucoeoevevesss 962,880 particles per cubic foct
Outside " " " eeereieanncanaassesnss 623,040 " " " "

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

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

:st over Bins around elevators end conveyors during
£i1ling at a Narthern Refimery.......... 1,910,432

" " " & Conveyors while filling at another
Northern Refinery........... cheneciersraesnessassare 4,275,842
oo " & Conveyors while filling at &

Southern Refineryiceiicivesoscoseasoatenccseansnaesnes 4,531,200
" Trace Level on VWalkway over Storage Bins Northern
Refinery while Filling Bimi....v.cuiveaesvcencnconess 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 into the top of a storage bin, About 90% of
these dust particles appeared angular crystalline under the Konimeter microscope and
were five microns or less in size; adouvt 107 were black, opague, meny scale-like in
appearcnce and ten microns or over in size,

"BURNING" CLAY - From the storage bins the clay is conducted by chutes and/or
conveyors and elevators to gas or oil fired Wedge Burmers or Rotary Burners or Kilnms
in whieh it is "burned" or roasted, end then discharged into rotary coolers where it
is cooled, Vhere ell openings. chutes and elevetor outlets as well as the ends of
rotary coolers are properly enclosed and an exhaust duct is placed over the burzner,
very listle dust (an average of only 604,160 particlés, ten zicrons 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 cocunts of
samples taken during the operation of these burners give a comperison of the amount
of dust (particles ten microns or less per cubic foot) produced by each:

Total General
Type of Furnace Feeding About Furmace Coolers Avererce

Eerman-Frasch 0il or

Ges Fired........ 2,624,320.... 3,700,480...., 2,732,880,.... 2,990,542
Wedge Gas Fired.......... 5,399,680,... 1,522,45%,.., 2,108,590..... 2,385,971
Rotary " M eieeee.a. 2,067,360..,. 1,070,046,..,. 3,115,200..... 1,E18,208

The present practice of using e campressed elr lhose to cleen up the clay on
the various floors of the Furnace Eouse et one of the Refineries is particularly ob=-
jectionatle due <o the excessive dust (12,687,360 particles tern microns or less per
cubic foot) whickh is stirred up,

Abous 20% of the dust perticles in samples taken during the burning of filter
clay were sngular transvaren* crystalline iz appearance and five micrenc or less in
size; 5% were round opague, ten microms or over ané 5% were rounded semi-opague, ten
microns or over in size,

Exposure to dust produced by burning or reconditioning cley is rather limited,
Usuelly there is orze liremar for each shift of eight hours, three shifts per 2¢ hours
and & porter for the day shift only., Since ocne of the porter's mein jobs is to
"eleen-up" he is exposed more coztinuously to dust then are the firemen.

CEARGING FTILTERS -~ The cooled, burmed clay (30-60 grade) is conveyed to the
filters by means of elevetors and belt conveyors and charged through chutes fram the
conveyor belt tripper at a rate of from one and a querter to eight tons per hour,
These vessels hold from seven to fifty tons each. The amount of dus< produced during
the charging operation depends upon the grade of clay beirg hendled, the ‘rate of
charging, the position of the clay on the conveyor belt, the condition of the convey-
or belt, tripper and charging chute; alsc whether the top marhole of the filter is
left open during the filling, A general average of 54 dust counts made of samples
taken during the charging of filters at all of our plants using 30-80 mesh Attapulgus
Filter Clay was 3,717,884 perticles ten microns or less in size per cubic foot, The
ezowmt of dust produced by the charging operation varies consideratly at the various
plants as is shown by these averages:

Refirery Chergine Rate Particles pver cubic foot
Baton Rouge 8 tons per hour 4,271,413
Bayway -1/4 v v o 2,435,520
Bayonne 3-1/2 " " " 2,242,944
Eagle Works 6 noon " : 1,042,978

It is the general belief that the more times a 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:

# 1 ClaYereosrrasnaoasrses 2,242,944 particles per cubic foot
= 3 i i ieetiiereee 4,604,832 " " " "
s o .. 3,896,832 " " " "

~ =t

|t

EM001509




=-20= !

According to an enalysis of particle size made by the Bayonne Laboratory of a
sample of Raw (30-60 grade Attapulgus Cley) Ne.1l, No.3, and No.8 Wedge clays, the
following is the size classification or distribution:

Raw Clay # Clay #2 Clay 72 Clay
Coarser then

100 mesh 98455 ceneenns . 9% 4% i reee 980 T, 98,33
Diameter of Particles Raw Clay #3 Clay #8 Clay
Millimeters Microns Per Cex Per Cext Per Cent
. 142 to 074 14¢ to 74 0. 14355 1. 00750 0. 5415¢
L074 " ,044 74 "oo44 0. 55088 0. 17186 0. 0844¢
L0 M L0235 44 "5 0. 29780 0, 05269 0, 04585
,035 " ,028 25 "o25 0. 21555 0, 03887 0. 01603
.025 " ,015 25 " 15 0., 17550 0.01729 0. 00847
L0158 " .00 1E " 5 0.11640 0. 01027 0. 00328
L005 " ,0C1 5 " 1 0. 00045 ' 0. 00052 0., 00021

Atout 85% of the cdust particles in sexples taken durirng the charging of #3
cley were slightly angular in appearance end lNive microns or less in size; 153 were
rournded sexi-opacue, texn microns or over in size, About 75% of the particles in
sazples teken cduring the charging of #10 cley were slightly anguler crystalline, five
ricrons or less in size; about 20% were over ten microns in size and were semi-orague
about 55 were round semi=-opague beiween five and ten microns in size, All of the

larger particles appear to contaiz small butbles, There are mumercus small black
specks about one-quarter micron in size,

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

Ventilation is provided in the newer filter houses by eighteen~inch roof ven-
tilators extending about twelve inches above the roof and alsc by windows which oc=-
cupy shout 804 of the wall space in front of the top of the filters,

OUIFING FILTEZRS = After the filters are charged with clay they are plated up
and the o0il is allowed <o percolate through the clay for severel hours, the length of
time dependineg upon the nature of the oil rum and the "yield" of the clay, The oil
is all ¢raineé off and the clay is then wasned with naphtha or "Varsol" and steamed
to remove all trace of the naphtha, After this the filter is dumped on to a canvas
telt 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 whar effect the reconditioning of filter clay had on its free silica con-
tent samples were analyzed by the New York State Department of lLabor, Division of In=-
dustrial Hygiene with this result:

Tines Burned % Free Silica
Raw Clay............ eees 6,30
Once.....ovuens eeieranes 8480
Three...... Ceeeeer e 9,20
Eight.iverennnn... veee.. 8030

Comsideretle steem is usuelly ziven of? éduring the dumping which prozably
1
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explains the smaller dust count (a general average of only 2,518,781 particles ten .
microns or less in size per cubic foot) than would be expecteds 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 vearious refineries wes 2,514,816 particles per cubic foot. About
95% of these dust particles are slightly apguler crystalline in eppearance under the
Konimeter microscope and are above five microns or less in size; about 5% are rounded
semi-opaque over five microns in size. Occasionally the clay doesn't 'flow" when the
filter is opened and must be started "flowing" by means of en iron bar. This action
causes some dust (2,888,640 particles per cubic foot) but not as much as pounding the
bottom and lower sides with a sledge (4,248,000 particles per cubic foot) as is some=
times done, After the clay has run out, the inside of the filter is swept out with a
broem which produces & litile dust (an average of 792,960 particles per cutic foot),
The filter is then pleted up ané is ready for recharzing.

The work of dumping filters is done by ane man per shift, for eech lilter
house., These men have &n average service of about ten years and work eight hours a
shift, rine shifts out of fourteen. They are exposed to dust lsss then 60 per cent,
of their working time.

Spent clay is used to a limited extent for packing around valves and fire hy-
drents to prevent freezlng; also for certain other small absorbing job such as on the
warehouse floors of same of the larger bulk sales plents where lubricating oils are
transferred from barrels or drums to smaller containers, or loaded into five gellon
cans from bulk, Most of the spent clay is disposed of, however, by dumping it on
neerby Compeny property and, to a lesser extent on railroad property near river banks.

Composition of Filter Eouse Adr Borme Dust:; Samples of dust from Attapulgus
Clay, which had settled on the tops of elevetor housizngs snd on girders over the
storege bins in filter houses, were submitted to the United States Bureau of Mines Ex-
periment Station for petrographic examinstion. Crdirarily positive results are not
ottained in petrograpiic tests for the identification of minerals in atmospheric dust.
Eowever, the samples submitted were coarse enough to give results in most cases, In
studying the results of the petrographic examinations it should be borme in mind that
the semples submitted were settled dust, and that they are not representative of the
composition of the dust that would be breathed genmerally owing to the differential
settling rates and the ease with which the various mineral constituents can be crushe
ed to a powder.

"Montmorillonite" ((Mg, Ca) 0.Alz 03, 5Si O2. nE20 == n=5to8) is the miner-
8l that is charecteristic of many types of fullers earth. Not all of the less im-
portant minerals found were fully identified,

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

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

Dust from eccumulation on girder over clav storsge bins - #¢ Filter Eouse.

Quartz - 10% Montmorillonite - 70%
Possibly other clay minerals present, opague - 207

Dugt fram accumuletion on girder over clay storage bins - #1 Filter House.

Quartz - Cver 1% Montmorillonite = 5537
Opague = 40% Unidentified - 57
'
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Control of Filter Clay Dust: Dust in & filter plents results principally from
the operation of the clay handling machirery. The condition 1s eggravated by the
present practice at some refineries by using en 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 & system which includes open belt cornveyors is ine
herently a dusty operation, (12,687,360 particles, ten microns or less in size, per
cubic foot). It is difficult to prevent some dust Irom being generated at urloading
points where the clay falls into chutes or bins, but it cen and should be conmtrolled
by means of hoods, encloswres, and adeguate exhaust systems with effective dust collec-

tors.

There will alvays be an irreducitle minimum of spillage and dust settlement
wherever Zusty meterial is handled ir systems such as exist in most refinery filter
houses, This is arn economic waste and increases the difficulty of the dust control
protzlem. Unless the present practice of cleaning dust spillage by blowing with come
pressed eir is cheanged, the necessary periodic cleazning will continue to be a very
dusty and mheelthful operation even though e&ll precautions have been taken to pre-
vent the escepe of dust from clay handling equipment, A modern indusirial vacuum
cleanirg system would do the jot efficiently, without creating any dust,

Tre principal source of dust in filter buildings is the belt conveyor which is
usuellyv locezed at the top of the building., Gusts of winé from the monitor blow the
clay and cdus*t from the belt, A certain smount of dust is also generated by clay fall-
ing into the tripper chufe (6,080,480 particles per cubic foot) and discharging from
the <ripper chute into the chute leading <o the various filters (7,306,580 particles
per cuzic foot), This could be considerably reduced by inserting canvas or sheet irom
commections between the ends of the tripper chutes and the chutes to the filters,
azd by usirg s properly designed belt iripper on the ccnveyer belt.

3ins for the storage of filter clay should be closed with steel decks having

- -

the smellest possitle openings in the Torm of chutes to receive clay from the convey-

ers. If care were taken not to overflow the bins, the dust and spillege could be
greazly reduced,

For complete control of dust, an exhaust system equipped with dust collector,
fan, ducts and hoods should be installed to remove dust frem the points of origin,
such as, all unloading points {except movable trippers) of each belt comveyer in the
tuilding, new clay tins and burned clay bins, One estimate which has been prepared
for such an imstallation calls for en exhaust system with a capacity of approximately
15,000 cutic feet of dust laden air per minute, and is based on maintaining an inoward
flow of air a+t openirngs into hoods and bins at a recomrmended velocity of 200 feet or
more per minute., In considering dust collectors, it should be borme in mind that the
cyclone <ype will not remove the fine dust particles (ten microms or less in size)
which are most injurious to health, and that the cloth bag type filter hes been proven
to be more successful in removing these fine particles.

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

B = CONTACT CLAY:
Mos+ contact clays, particularly in the United States, are acid treated "Ben-

tonite", Beztonite is a nonm-refractory clay, a double silicate of iron and eluminum,
derived lrom the shale of the Fort Benton formation in the upper Missouri wvalley,
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There appears to be a wide variation in the camposition and free silica con-
tent of American and European contact or activated clays. "Filtrol" an extensively
used American contact clay is reported to contein sbout 57% free silica (silica which
13 insoluble in concentrated hydrochloric acid), ™Milwhite", another extensively
used American contact clay, contains 65% free silica, The contact cleys listed are
those most extensively used in Europe:

Insolutle in Insoluble in Concentrated
Concentrated HCL ECL and 5% NAp COz.
"Ivry™ Cley (French)........ e 0% e invnnenans 64.6%
"Terrara Extra" (Germen).... B4e 4% e vnns Cerees 27.2%
"Clerit" (Iteliam)e....en.. 49, 5% it anna 50. 6%

"Tonsil AC", another French contect clay, has 61.75% free silica,
The rain constituerts of "Petrisil"™, & German contact clay, are:

Total Si1iCB.u.vvuroencavees 51.57%
Lime (C80)veverevurrrnnrsess 0.63%
Aluzinum and Iron Oxides.... 18.83%
Loss on ignition (Water).... 23,62%

The balence probebly consists of
potassium end sodium oxides.

The following is the result of & petrographic exerinetion
of "Petrisil" which was made at the United States Bureau
£ lines experimernt station:

QUETEZ. . vvtvrnvasnrsonncesse BF
Montmorillonite...vevveernss 909
Unidentified MineralsS.eeo.es 5%

The use of contact clay for improving the color of lubricating oils is & 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 clsys on the market, a large percentage of that
used by the Standard group is known as "Filtrol", consequently this was included in
our dust studies,

What is "Filtrol" and How is it Produced? "Filtrol" is a pulverized acid treat-
ed Bentonite, used as & decolorizer, absorbent and deodorizer in the refining and
preparation of both orgarnic and inorganic oils, It comes from "open cut" mines in
Mississippi and Celiformia, and occurs in beds about two and one-~half feet thick
under an over=burden of some eighteen to twenty=-five feet, There has been some doubt
as to its origin, but it is now believed to have been volcanic dust transported by
the air and deposited under the waters of either a lake or a sea, Raw Bentonite is
mined and loaded onto trucks with steam shovels, and then taken to the preparation
plant. 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 elevetor by means of & steel pan feed-
er, The elevator discharges into a crusher which breaks the material down sufficient-
ly to ezable it to pass through & screen (three meshes to an inch) onto a bel{ con-
veyer which takes it to a pre-mixer where it is mixed with water to form & "slurry".
This slurry is passed inte large wooden tanks and treated with dilute sulphuric acid

1
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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 & pug mill, drying tower, cage
.and imp mill, and classifier. The finished product is placed in & 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 fraom 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 Then
200 mesh) Production 200 Mesh Mesh 325 Mesh
85 - 88 80 14.0% 16. 0% 70, 0%
75 - 88 15 22, 0% 24, 0% 53,05
90 - 93 5 8. 0% 23, 0% 69, 0%

The only reel dust preducing operations in the production of Filtrol are the
#i1ling, steckizng and hendling of the fifty pound bags. Semples of dust teken dwring
these operations revealed the following:

Operation Particles per cu ft,
Ave-age dust filling bags with 85-88 grade 10,416,098
"  pecking roam while filling bags $,572,180

" " produced in handling of filled begs 5,845,248

An exhaust system has been izstalled to reduce and control the dust produced
during the packing of Filtrol. This comsists of a metal hood above the filling tubes
iz froznt of <he machine, with a bacin below. A seven~inch duct leads from the basin
and & six-inch duct to a canopy in back of the packer, both connecting with a ten-
inch main duct which runs to a Sturtevant Fan (1750 R.P.M. ) designed to handle 1,620
cubic feet of air per minute mgainst four-inch water static pressure. A cyclone dust
collector removes the larger particles from the air before delivering it to a tubular
cloth dust collector,

Atout sixty per cent., of the dust particles of samples taken during the fil=
ling operatiocz are slightly angular crystalline in appearance under the Konimeter mi-
croscope, and are about two microns or less in size; approximately twenty per cent,
appear to be rounded crystalline, glasgs-liks, but with rather smooth edges, and over
ten microns in size, There are a large number of very small gray partioles (about
twerty per cent.) too minute and toc numerous to count accurately,

Yhat is the Chemical Composition of "Filtrol"? Below is the result of an an-
alysis by a commercial chemical laboratory in Los Angeles, Californias, of a sample
of Filtrol from the Jackson (Mississippi) plants

Per Cent.

Silica (S3102)uieesesoniacnsnsvenescoasse 56490
Aluming (Al203)escecesvocesrsocenoroanss 13497
Ferric 0x1de (Fe203)eeerivevererosrarees lodd
Titanium Oxide (T102)e..ivvuieensevenosts 0410
Calcium Oxide (CBO)euricererenneanresons 2.82
Magnesium Oxide (ME0)seev.voeerssoaossns 3. 55
Manganese Dioxide (MnOp)ieiveessesevoane -

Carbon Dioxide (CO2)ieeveieiraresscvnsnes -

Potassium Oxide (K20)iveernreennsnannage 0. 03
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Per Cent,
Sodium Oxide (Na20).....vevivnnnerevonnns 0. 04
Chlorine {Cl)eeeeeoernens et erecseeas -
Phosphoric Anhydride (PgOr) Cieeesesaans -
Sulphuric Anhydride (SOzZ)e.ceesesoceenns 0. 83
Total ignition loss.i.eiiinin... e . 20. 00

Free HolStUre. cvieeeneerreoaanconsananes 12,23

"It is customar: %o separately report materials such as Silica (sicg)

and Aluwmina (£120z) irn ultimate arslysis although the elements are

known tobe in comtinetion wi*h one ancther. It is difficult to get

ar anelysis of free Silica. and since the guentity contained ir Fil-

<rol would be very small, we have not attempted to have this per-

ticular enalysis made,"

Tre “ollowinz is +he result of an enelysi of "Super-Filtrol" which was made

-

Per Cent,

Moisture at 120 degrees C .........0vuue 16.5
Loss oz dgnition .viiviiiniiiin s cee 33. 8
Insolutle in concentrated HlL..... ceaes 55,0

(Totel Silice end unat<ucked crystels)
Insoluble in HCL end in e 57 ¥epC03 solution, 1%5.0
(Siler, quartz and wmettackec crystals)

A microscopic examinetion shows & few particles with
"scute angles”,

in eraminetion made by the United States Buresu of Mines Zxperiment Station in
Pittsburgh, rennsylvanie showed that Filtrol contains more +han 1% quartz, 95%
Montrmorillonite ((Ng, Ca) 0,41503-55103-nHoC--n=5 to 8) and 5% unidentified minerels,
4 similar examinetiorn of Attapulgus Fines (200 mesh) showed 5% quartz end 95% Monte
merillonite,

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
cley is either dumped directly into the oil or placed in a hopper from which it flows
izto irdtors or mixing chambers where it is mixed with the o0il and then pumped to a
filter taczks The only dusty operations are the unleoading of the material and dumping
it into the hoppers or mixing chambers. The higher dust counts with the contect clay
as comparec to filter clay is probadbly due to the fact that it is a finer material,
or at least disintegrates more easily than the filter clays studied,

Samples taken during the dumping of Filtrol and Attapulgus Fines into a reeoc=-
tion charber gave the following dust counts.

Cperation Particles per cu. Tt,
Avernge dus* produced while dumping 50 poumd 6,768,480

begs of "FiltrolM. i e iieeniiernsaaans

Averege dust produced while dumping 100 pound
tags of "Attapulgus Fizes"....eeevivcevsae. 9,260,640
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Under the Komimeter licroscope the particles were rounded in appearance, The "Atta-
pulgus Fires" appeared more crystalline and anguler, and had a greater proportion of
partiples five microns or less in size than did the "Filtrol”, The cownis indicate

thet more cdus< results ‘rom dumping Attepulgus Fines than from dumping Filirol acti-
vated clay.

Dumpizng fifty pound bags of "Milwhite" (90% through 200 mesh), a Texms cortact
cley, into the feed hoppers to the imductors or mixing chanbers is en exceedingly
dusty operatior. Samples teken during this operation had as high as 14,046,720 par=
ticles ten microns or less in size per cubie foot, Samples teken in the riddle of
the roam just after thirty bags had been dumped into the hopper had 55,847,040 par=
ticles per curic foot. Under the Konimeter lMicroscope, about 80% of these perticles
wppeered slichtly crystallire, and were five microns or less in size; 10% were round,
sexd=omenoue, ten to twenty microns in size. There were also a lew scale like par-

icles,

Tourteen men with exn average service crecdit of six years sre involved in thris
operazion. Three men are exposed to the dust during six hours of each eight hour
shift for nine of she fourteen shifts during the 850 of the time %he Tiltering plent
is in operation. They wear ! S.A, "Comfo" respirators.

After extezsive study and investigpation the local mmragemeni hes made arrarge-
ments to receive the clay in <tank cers similear to those manufactured bty the Zenerel
kzericen Terk Car Company. These cars are self-urloading and will discherze into an
enclosed noprer. The clay will then be transported to storage bins ty means of a
serew convevor completely enclosed in ten-inch tubing, It will be withdrawn from <he
bottom of <he bins, passing through weighing sceles, into the inductors where it will
be mixed with the o0il, This will provide 2 pompletely closed system and should
elizime~e all air cer*mrinetion.

C - BCNZ ZLACK CR CHAFRZD Z2O0IE:

Refired wex is filtered through bone black or charred bone to imrrove its
color, This material is ottained from various meat packing firms in finely wover cof-
fee bags tha: hold about 150 pounds each. An open belt conveyer and elevetor carry
the tone directly from the reactivating furnace to the covered filter charging hopper.
Metel chutes lead directly from this hopper irto filters which hold about 3,000
pouwnds of bone bleck, Upern completion of filtration the bone 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 tlie reactivating furrece which is
gas fired. The bone goes through the furrace at a temperature of abovt 1100 degrees
Fahrenheit and at the rate of about 250 pounds per hour, Bore black can be used over
and over agairn. Three men one on each shift, with an average service credit of
filfteen years, are engaged in this operatiom, Their period of exposure to dust is
about one houwr per shift, The greatest emount of dust produced results from the open
conveyers, particularly in dumping the material fram the furncce onto the conveyer
belt. Sanples teken during this operation had as high as 11,044,80C particles of ten
microns or less in size per cubic foot, Conmsideratle dust (14,273,280 particles per
cubic foot) also arises from the open hatch of the filter cherging hopper during
filling. An eight-inch motor driven exhaust fen has been installed to suck back the
dust from where the elevator buckets dump the reactivated bone into the chute to the
charging hopper, The dust loss from this filtering operation is estimated to be about
1500 pounds per morth.

Under the Fonimeter Microccope about 65% of the dust particles of samples taken
during the resctivation of bone tlack appear to be tleck, opague, scot-like, and are
five microns or less ir size; 5% are rounded, semi-opague, ten microns,or more in size.
The exgular crystallireand light grey particles which gonstitute about 307 are probdatly
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bone ash.

III - INSULATING OPERATIONS

Insulation plays an importent pert in the processing of petrolewm products,
The two types of insulating material most frequently used are "Sponge Felt" (asbes-
tos with ground sponge to cive dead air space and thus increase the effectiveness
of the insulation) and & mixture of 85% magnesia and 15% asbestoss Rock wool is
used to & considerably lesser degree, In the ordinary camrercial form, Rock Wool,
as used at our refineries, does not present a dust hazard. It 1s also used for
house insulstion, and is available in smell nodule form which can be dlown into
place, "85% magnesia” is & mixture of magnesia end gratulated asbestos and pressed
into blocks of verious sizes and shapes (usually 16" x 18" x 1-1/2"). The most dust
comes from dismentling old insulation and grinding scrap material for use &s a plas-
ter or "garister". The average service of men engaged in irnsulating operations is
atout fifteen yeers, lost of these men have been transferred from the Common Labor
Department. They work nine out of fourteen eight-hour shifts, in gangs of froam two
to six men, axnd are actually exposed to dust for less than sixty per cent, of their
working time, Goggles are sometimes provided, and oceasiormally MS& "Corfo" Respira-
tors, but this equipmment is not used es much as it should be., Generelly speaking,
atout 85% of their work is with sponge felt and 15% with B85% magnesia insulatior.
At one of the larger southern refineries about 300,000 square feef of sponge felt and
50,000 sgquare feet of B57% magnesia are handled & year,

A - VYhat Phvsiological Reactions are Zrovoked by Insuleting Materials?  According
to Dr. Leroy U. Gardner (Jourr.Indust.Eyg.Mar.1937,Vol.19, No,3, P,121) asbestos dust
with its fibrous particles does not seem to be readily handled by the protective
zecrarism of the lungs. Quoting fram his article:

"They are not removed to the lymphoid tissue but remain in contact
with the delicate wallg of the air spaces, They become surrounded by
en iron-corntaining coating that fractures end gives rise to the pecu~
liar structures known as 'asbestosis bodies', The flbers are irri-
tating, perhaps because of thelr forz, and they excite a fibrosis
which begins about the terminal bronchioles mnd spreads to form difa
fuse patches in the parenchyma. Often the distribution is sub-pleural.
In the presence of infectlion, the reaction to asbestos dust is much
more severe then that caused by the dust alone,"

There 4s nothing in the pertinezt litersture, mor does the Bureau of Mines
know of any evidence, which would demonstrate magnesite (a matural magnesiium carbon-
ate) to be harmful. It would fall irn the class of "nuisence dusts" such &s gypsum,
While many of the so-called "nuisance dusts" have never been found to be harmful, it
is the opinion of most investigators in the field of industrial hygieme that no work-
er should be exposed to anmy dust in a concentration exceeding 75 or 100 millions
of particles per cublc foot of air,

During Such QOperations? There is, of course, & wide variation in the amount of insu-
lation work and the amount of dust produceds A few examples, however, will glve a
good general idea:

INSULATING 12" STEAM LINES: 6" x 18" x 1-1/ " blocks of 857 mag=
nesia are tied on the stear line with l4=gauge galverired wire and
covered with roofing paper to make it waterproof, Often times this
work is performed on scaffolds twelve to fifteen feet adove the ground,
with men lying on their backs under the line part of the time.

|
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Considerable dust (as high as 18,124,800 particles of less than ten
microns per cubic foot) results from tapping the blocks into place,
Samples teken during the entire operation had an average concentra-
tion of 6,881,760 particles per cubic foot, About 90% of these dust
particles were slightly angular, crystalline in eppearance end above
five microns or less in size (as seen under the Konimeter Microscope);
57 were rounded opague, ten microns or more in size; and 5% were
opaque scale-like, five microns or more in size, Samples taken while
epplying asbestos sponge felt to a 12" steam line had a dust concen~
tration as high as 23,788,800 particles of ten microns or less in
size per cubic foot. The average was 12,574,080 particles per cubice
foot. These dust concentrations are cansidered too high for work-
ing without adequate protectiomn.

INSTULATING A 750-PCUND CRACKING COIL ACCUMULATOR: 6" x 36" blocks
of Jonns=Mernville "Fire Felt" are first applied and plastered with
extra AA Rubberoid Asbesios Cement and weterproofed with Johnse
Maxville "Insulkote”, The dustiness of handling these materiels has
been consideratly reduced sirce the manufacturers begen shippizz the
"Tire Felt" in cardboaré cartons containing thirteen or twenty
blocks, and the plaster in humdred-pound paper bags, Samples taken
during this operation hed an average dust concentration of 4,502,880
particles, tex microns or less ip size per cubic foot, About 75% of
these dust particles were slightly angular in appearsnce, flve mi-
crons or less in sizej; 10% were scale-like; opaque; and 15% were
rod=like and fibdbrous. ’

INSULATING TRZATING PLANT ACID SUCTION LINE: Sections of "Sponge
Felt Pipe Cover" are cut <o fit pipe lengths witl an ordinary carpen-
terts hand saw, This operation produces on an average 821,280 par-
ticles of dust, tern microns or less in size, per cubic foot, Under
the Konimeter Microscope all of these particles are slightly anguler,
crystalline in appearance, and five microns or less in size, The
blocks or sections of the plipe cover are held in place by wrapping
#16 gauge galvanized wire sbout each one.

IVSULATING CRACKING CCIL HOT OIL LINES: All hot oil lines at crack-
irg coils are insulated with 2" asbestos tubing (85% magnesia and 15%
astestos) held in place by fine copper wire, Sections of the tubing
are cut to fit particular areas by means of san ordinary carpenter's
hand saw, This produces 7,788,000 particles of dust, ten microns or
less iz size, per cudic foot., Under the microscope, 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
averages about 3,379,520 particles per cubic foot., Under the micro-
scope, approximately 80% or 90% of the dust particles appear crystal=
line, more or less angular, and five microns or less in size; the re-
meining 10% or more are rounded in sppearance, and over ten microms
in size.

DISMANTLING OR REMOVING OLL 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 8s
5,890,560 particles, ten microns or less in size, per cubic foot., Im

'
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dismantling an old cracking coll 4" tar line, the average dust concen-
tration was 2,322,240 particles per cubic foot. 1In appearance these
particles were clear crystalline, rather rounded, and five microms or
less in sire, No fibres were observed in any of the dust samples from
dispantling operations, After a few weeks or months service, insula-
tion on hot lines dries out and appears to disintegrate. This is prob-
atly due to the fact that suoch insulation is usually covered with a
weather-proof material which prevents esbsorption of moisture from the
air,

CRUSHING SCRAP ASBESTOS: Scrap asbestos insulation, usuelly the
85% magnesia +type, is crushed in & belt-driven Williems crusher to pass
through a screen with one-inch holes or slots, and is then mixed with
new asbestos to make insulating plaster. This operation, which is =
very dusty ome, is performed by two men, with an average service credit
of abtout twelve years. Goggles and MSA, "Comfo" or Willson Dust Respi-
rators are worn. Considerable dust is produced in breeking up the
scrap insulation by hand prior to crushing (10,195,200 particles, ten
microns or less, per cubic foot), and also 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
cubic foot), Dust counts es high as 27,527,040 particles per cubic
foot were found in samples teken from over the hopper, These dust cone
centrations are dengerously high. About 95% of these particles are
sharply angular, crystalline in appearance and five microns or less in
size; 5% are opegque scale-like, six microms or more in size, Crushing
scrap astestos is not a steady routine operation, the exposure varying
fram eight hours a month to about twelve hours a week,

CRUSEING CLD CORK INSULATION: This operatior is performed approxi-
mately twice & year and takes about twenty or thirty minutes. The inw
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 particles, ten microns or less in size per cutic foot.
About BO% of the particles are slightly anguler, crystalline, in ap-
pearance, and five microns or less in size; 20 are round, semi-opague,
ten microns or more. There are slso & large number of very small black
or dark grey specks,

IV - GUNITING OPERATION

What is Gunite and How is it Aprlied? = Gunite is e mixture of epproximately
one part (one 94 pound bag) of Portland Cement and two parts (twelve scoop shovels)

of clean sharp sand. The sand and cement ere mixed dry, shoveled into the hopper

of a Gunite machine, using water under about 40-pounds per square inch pressure and
campressed air at thirty to ninety pounds per square inch. It is applied under pres-
sure, as a semi=-fluld, egainst the surface to be protected (usually process equipmert,
such a5, cracking coil scaking drums end storage tanks), In practically every case
where guniting is done, it follows immediately, after the sand blasting job used to
clean the surace. In most cases, the work is performed by the same crew, The indi-
vidual holding the gunite nozzle is provided with the same protection as is the
operator of the sand blast nozzle, and the men tending the gunite machines &are pro-
vided with respirstors and are required to use them while actually handling the sand
and cement, This involves mixing the materials and charging them into the machines
(the two dustiest parts of a guniting job), Samples taken during these operations
showed the following dust counts of particles ten microms or less in size;
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Operation Particles per cw ft.

Screening sand prior tomixing with cement.. 2,483,160
Mixing bateh ... .o vviniiaa seseesees  1,699,20C
Shoveling mix imxto hopper.................. 6,485,280

About 409 of the dust particles in samples taker while mixing the bateh and
fillirg the hopper were crystalline, quartz-like in appearance, and about five miw
crons in size. The remainder were dark grey in color and below one micron in size,
The dust particles inm air comirng out of the bottom manhole of & soeking drum being
guzited averaged 528,640 particles per cubic foot, and were slightly angular,
crystalline in appearance and four microms or less in size,

A gpmite crew consists - uwf 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 gurite machine, and
three men screen the send 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: Pneummiic chisels are used to remove gunite lining,
Semples taken from inside a cracking coil tar separator during this operation had as
high as 16,595,520 particles of dus%, ten microns or less in size, per cubic foot,
and an average of 10,804,080 particles per cubic foot. About 75% of these particles
were rounded, angular, more or less opague, ir appearance, one mlicron or less in
size, and 25% were angular, quar<z-like, about ten microns or less in size. A chemi-
cal anelysis of the gunite lining showed that it conteined 68,2% free silica, Four
men {roz the Flant Labor Department, with an average service of seven years, spend
ebout twenty hours per week removing gunite linings from process equipment, An air
syphoz provides ventilation, and the men ere required to use the goggles and respira-
tors which are furnished them,

V - WELDING AND CUTTING OPERATIONS

Welding has never been considered a dusteproducing operation, However, our
studies arnd *hose of others indicate thet 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 cutting,

A « WELDING OPERATIONS:

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

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

Wrat ere Comted Electrodes? Coated electrodeg are metal welding rods covered
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with & composition which prevents oxidation and permits the formation of stronger and
more uniform welds,

Whet Do These Elecirodes Contein end What Products Result From Their Use? 1In
general, tre coatings used in modern coated welding electrodes are patented or trade
secrets, with special virtues attributed to each. Obviously, it is inadvisable to
put irto these coatings materials which might produce products harnful to man,
Nevertheless, chemical analyses of both the coatings and their products indicate that
the contizual use of same of these rods might possibly lead to camplicetiams.

Yost of the arc welding at our affilieted plants is dome with 35 Fleetweld
coste2 elec+trodes which come in two sizes (5/32" and 3/16") end with General Elec-
<ric w-20 5/32" coeted rods, Cther rods sometimes used are =4 Stalnweld EapS alloy
welding rod, 5732” Stainweld A rods for stainless steel, end Murex Wickel Steel coat~
ec¢ rods. Among the constituents of some of these electrodes coatings are:

Per Cent,
Coated Electrode Brand Si02 Fluorine Calcium Fluoride
"Tleesweid", Lincoln Electric Coieves.n. .. 30,28 - -
"Murex", American Metal & Thermite Ce.....28,05 - -
"USS Cr-!’i 18-8", Amer.Steel & Wire Co....37.20 - 14, 50
"Steirweld", Lincolrn Electric CoOeceeoeean.s 12,101 21. 20 43,50
"Zezistel K=-A=2E5", Crucible Steel Co,.....24,03 13.40 present

111 of the above coatings also contein Iron Oxide (Fez(3) Manganese Oxide,
either Im20z or MnO or both, and Aluminum Cxide (Al203), in varying per=
centages.

The composition of the fluxes or coatings used in G & E types W-20, W-22 and
w=22 is not availadle, but it is known that +they contain amoumts of free silicates
end lree silice. According to determinations made by the General Eilectric Company,
the maximum concentration of free silica on any of their electrodes wmnder a particular
set of conditions is 1,575,000 perticles per cubic foot of air with W=20, 778,000
with w22, and 1,093,000 with W~23 under other conditions the concentrations might be
higher or lower than those given. The maximum permissible concentration as listed
ty the lesropolitan Life Insurance Company is 7,000,000 particles per cubic foot of
eir, -

Coetings also contein cotton fiber, cellulose, or other organic pulp which
crcates Tumes, but since we are only concerned with dust in this study all fume pro=
ducing materizls will receive no further consideration,

telding corrosion-resisting s+eel with coated corrosion-resisting steel elec=
trodes forms & slag, among the major constituents of which are:

"Stainweld" USS CR-Ni 18-8 "Rezistal"

Fluorine (Flouesesaressacasereoceovone 11e8% cveeens 6.6%uuuneernnselde8%
Silica (S302)iereceunuonvncovreoccnese 2501% ceseene805%uruanonasslBdsdn
Iron, Chromium and llangenese OxideS..e 22,3% ceevese2402%seccncesos 1502%
Caleiwr Cxide (CBO)..vvvvvvoonevcernce 5007%ureeeee2800% cvueerososlBe T

The nmajor constituents of dusts separated from atmosphere by gravity end col-

lec-ed from the bottoms of welding chambers after welding corrosion-resisting steel
pletes with coeted corrosion-resisting steel welding rods are:
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"Stainweld"  USS CR-!'i 18-8 "Rezistal"

Silica (S10 Jevevrnevrnrneenreennnee 1L.0%  0uvveee 19.6% vuvuuv.. 10,0%
Caleium Fluoride (CaF )ivvvrvevvnvee 4005%0u.iecne 11047 siveaeas 23,4%
Oxides of Iron, Aluminum and Nickel, 30,2% svvvseve 52¢1% senvee.us 36,6%

The following is an interesting comparison between the campositions of dust
formed when using bare mild steel electrodes end wnen using coated elecirodes for
welding galvenized steel:

Brend Bare Electrodes Coezed Electrodes
% Zn0 | % Feplz % 220 % Fep0z
- "Fleetweld" 79,72 20.0 67.5 31. 9
"Wilson" 62.6 60,5 78.8 21.5
"Murex" 60. 5 40, 0 72.C 28,0

Investigations have shown that there ney be as much as a five per cen, veria-
tion in camposition of cdus*: produced by the seme mske and kind of electrode when used
under consteat conditions but bty cifferent operators.

Ferric oxide (Fe®3) which emanates ‘rom all welding arcs, regeardless of the

type of coeting, is disagreeable but not harmful, Concentirations of iron oxide of about

ten milligrams per cubic meter are said to be entirely non-injurious to the respira-
tory organs.

Ereathing the dense clouds of fumes of zinc oxide, lormed whern the zinc of the
galvanized comting is boiled off ty the heet of the welding erc, casuses what is come
mornly known as "fume fever", This is evidenced by mauses followed by chills and une
pleasant fever. The fme fever does no lasting harm except after prolonged exposure,
and the effects are not cumuletive. Ordinary ventilation. which is necessary in any
welding operation, 1s considered adequate to prevent fume fever,

What Is The Amount And What Are The Characteristics of Dust Produced 2y The
Verious Electric Arc Welding Cperetions? There is a wide variation in the amount and
character of dust produced by different types of rods on different materials under
different operating conditions

FUME, OR DUST PRODUCED BY ARC WELDING

terial Being | Electrode | Size of Particles Characteristics of Dust
Welded Used Electrode {Per cu, ft, Particles, (Sizes and Per-
centages Estimated)
Rivets inside | G=E W=20 5/32" 20,050,560 | About 98% angular crystal-
Cross Coil Coated line, 5 microns or less in
Drum, size; 2% rounded semi-opaque,
10 micrors or more in siza,
Mild Steel G-E W=20 5/32" 14,839,680 | About 80% rownd black or red-
Blanks Inside | Coated dish brown specks, 1 microns or
Booth. less in size; 20% slightly angu-

lar crystalline, 10 microns cr
less but mostly about Smicrons
and large mumber reddish brown
specks toc small and numerous
tc count,
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FUlk OR DUST PRODUCED BY ARC WELDING (Continued)

liateriel Reing | Electrode | Size of Particles Characteristics of Dust
elded TUsed Zlectrode | Per cu. ft. Particles, (Sizes and Per-

centages Estimated)

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

Tlete Insile weld 3 ricronsorless in sizeg

Jocth, Conted 10% round seri~opaque, 10
microns or more in size; 10%
opague scale like, 10 mi-
crons or less in size, Count-
less number of minute per-
ticles, reddish brown smudge,

1-1/<" 14lc 3#5 Tleels, 3/16" [1¢,861,793 | About 957 angular crystal-

Steel Lxpar- weld line, 3 microns or less in

sion Joint In~ | Coezed size; 5% rounded semi-opague,

side Soo<iv 10 microns or less, Counte
less number of particles
recdish brown smudge,

1/2" zollec 5 Tleeta 2/18" 2,263,600 | All particles 5 microns or

Steel weld less in size; about 105

(E5,000= per Corted erpular semi-opague,

sq. in, Tensile

strencth) In-

sice 6+7o0t

Zie. drumreer

head of closel

end.

Welding Tlange | llurex 3/32" 2,756,480 All particles Z microns or

on 4" Steel Coated less in size; slightly

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

side Zooth, grey smudge,

£/8" Soiler #5 Tleet~ 5/32" 490,880 About 75% round, metallic

~late Inside weld opeque, 5 microns in size;

Bootlw Corted 25% semi-opague, crystal-
line, Countless number of
minute particles

Welding Ziv- =5 Fleet- 5/32" 6,456,960 Aboct 90% sharply angular

ets in weld erystalline, about 1 micron

Courtney zdze | Coated or less in size; 10%

Inside Cruck-
ing Coil
Scaking i,

rounded semi-opaque, 5mi-
crons or more, Countless
number of minute particles,
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FOIE OR DUST PRODUTED BY ARC WELDIEZ (Continued)

Coil Vapor=-
izer (Mild

Steel Alumi-
num Coated).

Material Being | Electrode | Size of Particles Charecteristics of Dust
Welded Used Electrode | Per cu ft, Particles, (Sizes and Per-
centages Estimated)
18-8 Stmimless | Stainweld 5/32" 849,600 | About60% slightly angular
Steel Band at A semi-opacue, Sricrons or
Top of Soaking | Coated less in size; 20% rounded,
Dz Manhead over 10 microns; 20%
very gless-like, 10 mi-
crons or less,

"1/2" Beiler G=% W20 3/16™ 2,222,400 Atout BO% semi-opague, red-
Plate to 6" Coated dish trown rounded, eryszal-
Pipe Inside lire, Smicrons or less; 207
Bootr. round glotules of mezel §

nicroms ormore in size,
Countless number of small
particles,
1/2" 3oiler Roebling 5/32" | 26,592,480 About 90% tleck opague, 1
Plate to €7 Iron micronor less in size; 5%
Pipe Imside Rod rounded metellic globular,
Booth. 5 microns or less; 5% slight-
ly eangular, semi-opague,
crystalline, 3 micromsor
less, Countless number red-
dish brown perticles,-
Back Welding Fleetweld 5/32" 362,496 About 95% black opague
a Flange on #7 metallic, 2 microns or
6" Standard Coated less; 5% angulercrystalline,
Pipe in Qut- 5 microns or less, Count-
side Welding less number of reddish
Shop. brown particles,
Back Welding Fleetweld 5/32" 1,000,640 About 957 black opague
s Flange on #7 me<allic, 2 microns or
6" Standaréd Coated less; 5% enculer crysta-
Pipe Inside lline, Smicrons or less.
Booth, Countless number of
black particles.
Welding Rive Fleetweld 5/32" 6,253,086 About 95% anguler crystal-
ets Inside #7 line, S microns or less,
Cracking Coated mostly arownd 2 microns; 5%

semi-opaque, round, 5 mi-
crons., Countless number of
black particles.
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FUME OR DUST PRODUCED EY ARC WELDING (Continued)

Material Being |Electrode | Size of Particles | Charscteristics of Dust
Welded Used Electrode | Per cu. ft,| Particles, (Sizes and Per-

centages Estimeted)

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

on 1" Mild #7 npicrons. 70% round, opague;

+eel Boiler Corted 30% slightly anguler, crystel-

rlete line, Countless number of

Inside Soothe black perticles, reddish
brown smucge.

I121¢ Steel Steinweld 5/32" 2,605,440 | All particles black opague,

Screp Fletes A 2 microns or less in size,

Inside Zooth, Coated

EeoS Steel Stainweld 5/32" | 12,480,800 | About B8O enguler opague, 2

Insicde A microzs or less; 20% slight-

Sooth. Coated ly ergular crystelline, §
microns or less., Countless
nmuber tlack particles,
browzish grey smudge,

The U,S.lavy recezntly conducted
and found that the guantity of dust or

ed iz

suspension for far longer periods of time.

some extensive tests with coated electrodes,
fumes cdeveloped while weldirg on gelvenized
steel plete was greater than when bare steel plates were used and the dust remain-

It was also found that the

avereze size of the dust particles was 0,27 microns and that there were 130,000 par-

ticles under four microns diameter per cubic centimeter,

Quoting the HNavy report:

"1+ is epparent that considerable guantities of dust are found in any arc

welding operation,

The dus*t formed when operating on plain mild steel

or corrosion resisting steel is largely derived from the flux coating on
the electrodes, as is shown by the composition of these dusts",

what Physiclozical Effect on Welders is Produced by The Use of Coated

Electrodes.

According to & study made by Loctors A.T. Loig and A. P.G. Melaughlin

on lungs of Electric Arc Welders (Lancet - V.20; 771 - 775 (A&pril 4, 1936)), defi-
nite pulmonary lesions which gave rise to striking X-ray changes in the appearance
of the lungs were found in welders which had breathed +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
cuter covering are consumed gradually 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,
up of the volatilized constituents of the coverings of the rods together

The fume is therefore made

with fine particles of oxidized metal, usually in the form of iron oxides.
In addition the fumes probably contain gases such as nitrogen peroxide and
ozone vinich are formed by the action of an electric spark on the air, The
composition of the coverings of the electrodes or welding rods becomes, in
the circums“ances, a matier of some importance, Many substences, all of
viiich we do not propose to enumerate, are used, The basis of the majority
of the coverings is sodiwum silicate wnich ects as a flux, Again, the
'
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coverirgs of a certain type of electrode contain asbestos. The rods are
sometimes dipped in & mixture containing powdered asbestos and sodium sili-
cate, or asbestos yarn is wound round the rod and fixed by sodium silicate,
In soame cases the asbestos completely covers the rods, and in others it is
merely & cord which is wound spirally ebout the rod,

Y7he composition of the fumes erising from electric welding electrodes
has not yet been fully investigated, Mr. L.C. McNeir, H.}, Engineering In-
spector of Factories, has however had partial analysis macde of the fumes
evolved from en asbestos-covered electrode and some asbestos fibres were
found. Whexn the particulate matter of the fimes was collected in anOwen's
dust~counter., it was seen that & large proportion comsisted of iron oxide
particles, with an occasionasl asbestos fibre.

"The X-ray appearances in the well-marked cases differ from the usuel
picture of astestosis, In none of the positive cases and in only one of
the suspicious cases was there any blurring of the diaphragmetic shadow,
and ir no case was the heart outlined blurred. The line of the interlo-
ber septum (& feature present in a pumber 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 lung
fields appear to be the earliest, and in established cases. most markedly
affected. Before esbestosis car be eliminated from the differentisl
dlagnosis it must be remembered that the asbestos fibres are being subjected
to izterse heat and are not in the same physical state as the fibres which
are inhsled ty workers in an asbestos factory. It is pessible thet e
typical picture of asbestosis might be produced by the irhalation of alter-
ed asbestos. Merewetlher says that - 'the radiographic appearances aof the
developed or advanced states of asbestosis are distinctive, although they
are not specific. While, as is the case with silicosis, certain radio=
graphic appearances may be looked upon as typical of the disease, frequent=
ly modifications of and departure from the typical picture occur!, The
X-reay appearances in our cases most closely resemble those of a fine sili-
cosisg, but the clinical features show two importan*t 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
morring expectoration, eand in the first case a small haemoptysis occurred.
This man has not been away from work even for & day since he was first
seen in June, 1933, end his health at the present time is good. None of
the men suffers from dyspnaea, Secondly none of them has concomitant
pulmonary tuberculosis, ’

"Miliary tuberculosis can be ruled out of the differential diagno-
sis for clinical reasons, and to same extent on the radiological appear-
ances, None of the cases shows the dyspnaea, cysnosis, and tachycardia
of ecute or subacute miliery tuberculosis, Chronic or healed miliery
tuberculosis is rare and it is difficult to imegine that & condition of
such rarity would be found in € out of one group of 16 men. In the
X-ray films of the welders! chests the fine opacities are irregular in
size and shape, whereas in miliary tuberculosis of the lung the shadows
are more uniforme.

"A further possible explanation of the X-ray sppearances in this
series of cases is that the inhalation of small quantities of nitrous
fumes together with the guperadded effect of fine {ron oxide dust might
set up snall areas of chronic inflarmratory change, conrestion, or fi-
trosis iz the lungs. Again. the iron oxide particles might be opaque
to the Xarays and produce the picture without the associated presence
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of fidrosis and congestion,"

2, OXY-ACETVLENE 'TLIING: Cxy-ascetyleme welding is more or less confined to
small repeir jobs or to certain emergency operatiorns where arce welding is not

availatle or prectical.

lar,

with #4 Noviweld lens.

Exposure of mern doing welding is more or less irregu-
They usuelly wear American Optical Company or Willsor Welding Goggles
The amoun*t of dust procuced by oxy-acetylene welding

is considerably less than that caused by the use of coated elecirodes in arc

weldirng,

ard varies considerably with the style tip anc welding rod being

used as well as the meterial welded, ss is shown by the following table:

KUWMWWWW<MNG1"UII&&mﬂm--‘--'-

DUST PRCTUCID BY CXY=ACTTYLENE WELDING
leteriel Being | Welding Rod | Tip Used | Perticles Per Cherecteristics of ITust
Welded Cue Ft. rerticles (Sizes and Per-
centeces Zstimeted)
Celvenized Norvey Lirco 39€,480 About 70% slightly angular,
letel Eocd 5/32" £4 semi-opacve, grevish, 5 mie
Welding Shop. crons or less; 20% rowced
semi-opaque, greyish crys-
tallire, 10 microns ormere;
10% amorphous, scale-=like;
10 ricrons or more iz size,
1/4" » 2" Zer | Oxweld cop- | Alrco 509, 760 About 80% bleck opague, 1
Iron, ‘elding perized #8 micronor less in sizejadbort
S-exg. steel 3/18" 20 rounded, crystalline;
5 microns or less in size,
1/2" Soiler Cxvield cop= | Oxweld 1,019,520 Lbout 80% round, sexi-opague,
Fleve, Soft perized #6 5 microns or less insize;
teel, Weld- steel 1/8" 10% angular crystallire,
ing Shopg. Countless mmber of small
black perticles,
: 1/8" Calvane Cxweld cop- | Oxweld 1,359,360 Abtout 80Z rounded, semi~
ized Sheet perized #6 opaque, dark grey, 1 micron
Iron, Weld= steel, or less insize; 10% slightly
inz Shor. 1/8" sngular crystalline, 3mi-
crons or less; 107 sherply
engular crystalline, § mi-
crons or less; countless
number of small dark grey
particles,

welding Teeth | Sirmons Saw | Aerow 1,472,640 About 98% round black opaque,

on Band Saw. Welding plane about I micron orless in

Rod, 3/64" |#2 size; 2% slightly angular,

erystalline, 3 microns or
less in size,

- BURIING (R C

UTTING QPERATICHS:

1, VITE GVLACZITYIZ R,

PR P Tt |
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and the demolition of process equipment and works structures, It also plays
an important part in emergency end rescue work. Goggles with shade #5 ilovi-
weld lens are provided and +their use is required. At the larger plents men
with an averace service credit of six years spend about three-fourtks of
their working time on cutting or burning operations (about half their time
is given to "burning steel" for new construction). The amount of dust pro-
duced is usually greater than thet caused by oxy-acetylene welding.

DUST PRCLUCED BY OXY-ACETYLEIE BUREING

Material Being Particles | Characteriszics of Dust Particles
Burned Tip Used | per cw £t. | (Sizes and Percentages Estimated)
Burzing 8" Oxweld 1,869,120 | About 75% rowné black, 2 microns
Flues (1—1/2" #2 or less in size; 20% slightly
thick) Out of anguler, crystalline, 2 microns
Shell Still. or less; 5% opecue, scale-like,

various si:zes.

1/@" Boiler Oxweld 2,718,720 | About 9CT semi-opacue, black, 2
Plate (soft P microns or less 10% round, dark
steel) grey, over 5 microns in size,

2, WITE LATURAL GAS: A large part of the burning or cutiing at one of the
lerzer southern refineries is done with oxygen and naturel gas (60 pounds

per square inch pressure), A special torch with a 1/16" x 5/16" +ip mede ir
the refirery shops is used. Two men with sn average service of thirteen
years spend & major portion of their working time on this natural gas. They
weaer gogcles with -5 shade Noviweld lezs. Samples taken whnile burning holes
in 3" staniard pipe in <he yard outside of welding shop with oxygen srnd netu-
rel gas had & concentration of 471,811 particles, ten microzs or less in size,
per cubic foot. About 75% of these particles were slightl; angular crystal-
lire ir eppearance wder the Konimeter microscope, and were five nmicrons or
less ir size; 25% were rough scele-like, opague, ten microns or less in size,
There were erlso mazy minute particles,

- EZALTE ZAZARLS PRCIUCED BY WELDING AND BURNTIG QPLRATICNS:Although our
study was confined to the fumes or dust produced ty Welding and Cutting opers-
tion the possibility of lead poisoning from welding or cutting iron plates
<hat have been previously coated with red lead shovld be pointed out. Lead
poiscning from this sowrce is rather common, especially in cutting up old
scrap, btridges, tanks, end other iron structures that have through many years
of use received protective coatings of red lead. The action of the flame
volatilizes this lead material and creates a smoke that is poisonmous, The
seme harard exists in cutting out rivets in new structures.

It should also be pointed out that some of the weldirg rods contain
mangenese which is very poisonous when taken into the body. There is an ap-
parent hazard from volatilizing this material, or rather changing it to the
oxide of manganese, and breathing the fimes 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 engeged in cutting
and weldinz operations, either by arc or flame, should have respiratory protec-
tion, in all work where there is a possibility of the workmen breething fumes

ard dusts created, ,
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VI . GRINDING OPERATIONS

Fower grinders are perhaps the most universally used of the small power-
driven tools. The usual power grinder, cormonly known as the emery wheel, consists
of n cast metal stand end two abtrasive wheels mounted on & through sheft which is
ei=her belt or motor driven. There are also several grinding wheels, such as are
fowmé on machine tocl eguipment where grinding tekes the place of lathe enc plener
work., A1l grinding operatiorns produce dust to a greater or lesser degree, depending
on the cormposition and construction of the wheel, the materisl being grownd and the
vertilation or exhaust hoods provided.

Wnet is the Corposition of Grinding Wheels? Grinding wheels are made of
either baurite which is mined, or silicon certide which is made by heating a mixe
ture of quartz serd, coke and comnon selt in an electric furnmace. The bauxite or
silicor cerzide ere crushed to the desired grain size, mixed with an edhesive sub=
stance celled & bord, and formed into wheels, discs, cones or cylinders, There are
reny wheels in which the binder is shellec, rubber, bakelite end other organic cam-
pounds, 3Sauxite wheels are known in the shop as "Alundum" and "Aloxite", while
silicon cartide wheels are known e&s "Crystolon” and "Carborundum". Alundum wheels
sho:1d be used on meteriml of low tensile strengths such es cest iroz, trass, aluci-
num, copper and marble,

is ibresive Dust Zarmful? According to Dr, W. Irving Clerk in & paper read
8= & meesing of Government (fficiels in Industry (Boston -~ Mey 21, 1931) the artifi-
ives, eluminic oxide and silicon carbide do not conzein free silica and

cal atrasiv
treir dust cannot produce silicosis. The dust, like axy other inorgenic dust, cen,
hovever, 1f breathed for & long perioé of time in large gquentities, produce en X-ray
picture sinilar %o that of early silicosis, This picture ohenges very slightly as
veers of exposure increase, and at no time are the nodules, characteristic of silia-
cosis, evidert, TUnlike silicosis, there is no progress in the process after expo-
cure ceeses and there appears to be no merked physicel disatility. Although there
is zo silicosis, the Xerays do show signs of pneumoconiosis.

Carborunium dust, chemically, is silicon carbide. According to NMiller end
Severs (U.S,Pub, Eealth Rep. Vol. 49 #3 of Jan 19, 1934) carborundum dust when ip-
jected into the peritoneal cavity of guinea plgs produced no reection and was termed
"inert". Tusts such es quartz and flint - silicosis producing dusts - produced a
proliferetive reaction,

Leroy U. Gardner (U,S,Pub.Heelth Rep. Vol. 50 #21 of Mey 24, 1835) reports
that cartorundum produces practically no reaction when inhaled by guinea pigs in
high concentrations over & period of time, Quecting fram Dr. Gardner's erticle, the
rart pertaining to carborundum dust:

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

The Journal of the Americen Medical Associatiom (Notes and Queries 103, 1472,
1934) makes this statement regarding the health hazard of breathing dust from arti-
ficial abrasives:

"Cnly silice (Si02) is capable of inducing silicosis, but any other
zineral dust under conditions of prolonged and gross exposure may cause
some increese in pulmonery fitrosis. IS the relative potential harm of
silica is reted =s 10C, these other non-toxic mineral dusts may be rated

'
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only on the order of 5 or 10."

Despite this camparatively low rating of harmfulness of these dusts it is
generally considered advisable to use dust hoods and exhausts wherever practical as
there is clirical 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 monxths 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 ¢f Grinders, the Quentity and Charscter

of the Dus‘ r"he;,( Produce? The grlnders most commozly found iz the refineries and as-
soclated activities are:

A = TANDEM rLOCR TCQL CGRINDEZRS: Texndem floor tool grinders, the most fre-
quezntly used vype are in most cases motor-driven and operate at a speed of fram
1450 to 1850 R™. The type of wheel or grirnding media selected depends upon the ma-
terial to te ground. Generally speaking, the wheels found in most of the machine
shops and wood working shops around our refiperies used:

1-1/2" x 10" Korton Alundum (Grade P, Grit 46) wheels for
sharpering toecls and for general service grinding.

1-1/2" to 3" x 14" Cartorundum wheels for miscellaneous
grinding.

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

Sametimes two different wheels are used opn tandem tool grinders; for exsmple, a 2" x
14" grain 24, grade Q Norton Aluncdum vitrified wheel on one side and a 2" x 14" grein
44, grade M Alumdum wheel on the other side,

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

Particles per
Operation cubic foot

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

" " Hard Steel Chisel on & 5/8" x 8-1/2" Alundum Wheel... 7,476,480
" " " "om1/2" x 10" Carborundum Wheel.. 1,670,880
1 n n " " LI 3/4'1 x 10" n L 906,240
" " Pneumatic Tool Steel Chisel om & 3-1/2"x14" Norton

Alumdum (3836 = 0,5B) Wheeli..veeevssoassososesasnasns 1,869,120

" " Chisel Bar on the same wheel (3836 -~ 0,5B Alumdum)... 4,134,720
" " Tool Steel Chisel on s 1" x 10" Cartorundum (Grein

46M) WHEElituuverurervonnernnonssoanonsencersacasnese 2,594,112
" Tool Steel on & 2" x 14" Alundum (24 grain,gradeQ) Wheel 356,480
n " " (44 " P’) " 1'019. 520
" a Lathe Tool on a 1/2" x 12" " (orade P) Wheel....... 339,840
n ] 1 n ( R? " 1’331,040
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Particles per

Operation (Continued) cubic foot

Grinding & lathe Tocl on & 3" x 16" Carborundum (grit 30,grade E)
Wheelis.vasss 362,496
" Mild Steel on e 1-1/2" x 10" Alundum Wheel.............. 6,655,200
" Steel Dies on & 3" x 14" Carborundum Wheel....uovvevreree 56,640
" Squaring Shear Tlades on & 1-1/2" x16" CarborundumWheel. 2,577,120

Dust Produced By Cperation of Tendem Floor Grinders. As would be expected,
there is B wide variEtion inm <he appearance of the dust perticles under the ¥oni-
meter microscope, These examples however, will give an 'idea of the characteristics
of +he dust produced dwring the operatior of Tandem Floor Grinders:

..

m W AP W A D U A W WY Wy e M Wl MY WY Ul MY mar s W M usr W M e wes

lMateriel Seing Size of Characteristics of Dust Particles.
Ground Wheel Tyvpe of Wheel | (Sizes and Percerntages Lsiimated)
1" x 2" Mild 1-1/2" x 10" | Alundum About 70% angular crystalline, 5
S+eel Sar (crit 46, microns or less in size; 30% me-
Grade P) tallic shreds; 10% white opaque,
slightly anguler, over 10 microns;
many small bleck specks,

Tool Steel 2" x 14" Aluwndun vit- About 90% angular crysitalline, 2
rified (Crit microns or less in size; 10%
44,Grade M) opaque, 1 micron or less insize.

Tocl Steel 2" x 14" £lundum vit- About 60% round, semieopegue, 10

(Same ma« rified (Grit microns or less in size; 40%

terial as 24, Grade Q) engular opague, & microns or less

above) in size,

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

Grade K) angulear,

Chisel Bar 2-1/2 x14"  |Alundum About 70% slightly angular, 3
(3836-0, 5B) microns in size; 30% black,

opaque, metallic,

Pnewnatic 2<1/2" x 14" |Alundum About 98% round, black. opaque,

Eamd Tool (23836-0, 5B) one microm or less in size.

Steel

Chisel

Lathe Tool 1-1/2" x 12" [Alundum About 50% angular crystalline,
(Grade P) 2 microns or less in size; 50%

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

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

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

above) round, btleck, metallic, 1 mi-
cren or less in size,
1
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DUST *RODUCED BY TANDEM FLGCR GRINDERS (Concluded)

Material Being Size of Charecteristics of Dust Particles.

Ground Wheel Type of Wheel (Sizes and Percentages Estimated)
Cast Iron 2" x 12" | Aloxite About 857 sharply anguler, crys-
(Grit 48, talline, 5 microns or less; 10%

Grade I9) rounded engular crystalline, over

10 nicrons; 5% opacue scele-like
metallic, 1C micrors or less;
large numter of black metellic
specks.

for grinding soft cast steel, ebout 98% of the dust par-
then one-half micron in size,

Where "hard" wheels are used
ticles are metallic &nd less

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

B -~ TANDEM BENCE GRINDZIRS: These grinders are small in size and are used for
sharperizgs small tools and light grinding. They are all moter driven and operate at
about 3400 A P.M. Different grade wheels are used, usually 1-1/8" x 8" Carborundum
(Grain #B0) oz one side, and on the other a 1" x 8" Carborundum (Grain #90). The
amount of dust produced by the operation of tandem bench grinders varies with thema-
teriel teing ground and the composition of the wheel. but these average dust counts
are fairly representative:

Operation Particles percu. ft,
Grinding Cold Chisel orn 1-1/8" Grain #8C Carborunduz Wheel.... 5,909,440
" " " n 1" x 8" n #90 " " cees 8,401,600
" 1/2" Boiler Flate on 1" x 8"#90 " T o.... 12,460,800
" Eard Steel Chisel on 5/8" x8-1/2" Alundum
(Grain 46, Grade Pli.u.i.eeceesesercvonsoeeess 7,476,480

Dust particles in samples taken during the operatioz of the tandem bench
grinder have the fecllowing characteristics:

Material Being Size of Charscteristics of Dust Particles.
Ground Wheel | Type of Wheel (Sizes and Percentages Estimated)
Medium Steel 1-1/2"x8" | Carborundum About 75% slightly arguler erys-
Cold Chisel (#80 Grain) talline, 5 microns or less in
size; 20% rownd opague, 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 ir size; 20% slightly angu-
(Same tool as lar crystalline, 5 microns or
Above) less in size,
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DUST PRODUCED BY TANDEM BZNCH GRINDERS (Concluded)

Material Being | Size of Characteristics of Dust Farticles,

Ground Wheel Type of Wheel (Sizes and Percentages Estimeted)
1/2" Soft 1" x 8" Carborundum About 90% round, black, metallic,
Steel Boiler (#90 Grein 2 microns or less in size; 107
Plate (Taking slightly angular crystalline, §
off rough microns or less in size,
edges)
Eard Steel 5/8" x Alundum About 85% round, black opeque, 2
Chisel g-1/2" (Graiz 485, ricrons or.less in size; 1S5

' Grade P) rownded crystalline, 10 cicrons
or over,

C - SINGLE FTLOCR TCCL GRINDERS: There are only a few single floor grinders
in use, Thevy rance in size from 1" x 10" motor-driven (1750 R™) to 2-1/2" x 20"
telt-driver. (1250 R™M). The larger size is used for heavy grinding such as blaxks
ard large tools; the smaller sizes for sharpening tools and miscellaneous grinde
irz, The wheel on the large grinder is Carborundum (#9C Grain), For the smaller
gize class Grain 46, Grede M Cardborundun wheels are used on the 1" x 10" and Grein
24, Grade Q Alunduz wheels in the 1-1/2" x 14" size, Samples taken during *he opera-
tion of Single Floor Grinders had dust cowmts as follows:

Operetion Particles per cu, %,

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

_ (Crein 24, Grade Q)iuvevvescsrenoans 679,680
" Chisel omn 1" x 10" Carbormdum Wheel
(Grain 46, Grecde M)iceveesscesseoaes 2,594,112
" 1/2" x 4" Mild Steel Bar on 2-1/2 x 20"
Cerborundum Wheel (Grein 90)ev...... 4,451,904

Tre nhoods which almost completely encloge these wheels act as practical dust collec-

tors,

Dust particles produced by the foregoing grinding had these characteristics
wrez examined umder the Konimeter microscope:
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lle<erial 3eing Size of Charscteristics of Dust Particles,
Ground Wheel Type of Wheel (Sizes and Percentages Estimated)
Hard Steel 1-1/2" x Alundum All particles were 2 microns or
Tool EBit 14" (Grain 24, less in sirze, About 607 were an-
Grade Q) guler crystalline; 407 were
rounded opaque,
1/4" x 2" Mild |1" x 10" Carborundum | About 98%were black opaque, 2 mi-
Steel Bar (Grein 48, crons or less insize; 2% slightly
Grade M) angular,5microns or less in size,
1/2"x4" 11414 2.1/2"x20" Carborunéuzm About 85% were s1ightly angular
Steel Rar (Grain 90) erystalline, 5microns or lessin
sizesabout 157 black seni-opaque,
encylar metallic, 2 microns or
less in size,
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D = TIIRSAL SRIIDERS: As the neme would indicete, universal grinders are
used for a wide variety of purposes and thereflore are in more continuous opera-
tion than are the other grinders, with the exception of the tandem floor tool grinda
ers. There are two iypes or makes, the Erowvn & Sherpe Universal Grinder wrich hsg

an operezing speed of 3780 RML eand the Grand Rapids Universal Grinder which
The following abrasive wheels are used:

operates at about

1/2" x 5" Norton Co. 3846 J 5E

3850 rRL

hardened carbon tool steel,

1/2" x 7" Norton Co. 3846 I 82

high speed tool steel,

Alunduzm wheel for grindirg

Llundum wheel for grinding

2" x 3-1/2" Cartorundun Co. grit 401-r=25, type 12
Aloxite wreel for grinding cese hardened steel,

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

1" x 10"
focls, reamers

1 1"

y

1" 1t

dies and érill tits,

Samples taken durini the operation of the verious Universal grinders hed
dust courts as followss

QOperation

ety

fa~ticles per cu. L%,

Dressing 1/2" x 7" Alundux (3846 I 83) Wheel with a

"Silamonsd Foint'. .. i iieivererirerenanas Ceesiasesatseaien.a 1,397,120
(Zviderntly *he clouds of dust which come off during
dressing have particled larger than 30 microns)
Grinding Zigh Speed Tocl Steel on 1/2" x 7" Alunduz Wheel
(3846 I 83)evvunn-. Ceesierecseesenase 1,54€,464
" Eardened Carbon Tool Steel on 1/2" x 5" Alundumwheel
<(3B48 J BB )eeetunrncreerorennrancnrannas €,682,520
" Case Eardened Steel on 2" x 3-1/2" Aloxite
(Grit 401 = P = 25 Tvpe 2)veuvennannnnns 84,260
Cutting off Tcol Steel with 1/4" x 10" Carborundum Wheel.... 1,416,000

Dust parzicles in samples teken during

have these charac<eristics:

“he operation of Universal grinders

liaterial Zein Size of Characteristics of DJuct Particles
Ground Wheel Type of Wheel (Sizes end Percentages Estimated)
Dressing Wheel | 1/2" x 7" | Alundum About 80% sligntly angular crys-
With a (2846 I 8B) talline, About 3 microns in size;
"Diamond Point" 20% bdlack opague, round, about 1
micron or less in size,
High Speed 1/2" x 7" | Alundum About 607 opaque angular, about 2
Tool Steel (a (3846 I 8B) microns or less in size; 40%
Landis Pipe slightly angular, crystalline, 5
Chaser) microns or over in size.
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Dust perticles in semples taken during the operation of Universal grinders
heve these characteristics (Continued):

Material Being Size of Characteristics of Dust Particles,
Growmd Wheel Type of Wheel (Sizes and Percentages Estimated)
Hardened Cer- |1/2"=x5" |Alwmdum About 30% angular crystalline,
boreted Steel (3846 J 58) ebout 2 microns or less in size;
(Pipe Grip for 70% round bleck opaque, less <han
Pipe Machine) 1 micron in size, lumerous black

specks too small to cownt, Several
large oblong black opague par-

- +icles about 20 microns wide end
35 or 40 microns loxng.

Cese Eercened |2"x3-1/2"| Aloxite 211 particles bleck opague, 1 mia-
Steel (Flung= (Grit 401-P- cron or less in size,
ers for Fill- 25 Type 12)

irg le=crine)

L « SUETACZ CRIITERS: Surfece grinders are used almost exclusively on velves
end cies, They ere eguipped with either 1/2" x 8" Nortor Alundum (1946X) wheels or

2" x 4" to 8" Carborundwum (Aloxite) wheels, No dust collectors are provided, the
dust being thrown out into the atmosphere, Semples taken durinz the operation of
surface grinders had the following dust concentration (10 microns or less):

Cperation Perticles per cu, f%.

Grinding Soft Cast Steel Valve on 1/2" x 6" Carborundum
Aloxite Wheel....ovuuvronennnn e . 56€,400
" Tool Steel Die on 1/2" x 8" Alundum (1946E)
WhEel s o vearenuneonusneonsnneosaceenanen 1,019,520
Dressing Surface of 1/2" x 8" Alundum Wheel with a "Diamond
POInE i onterreerioenoserersonesanna 1,122,800

About 70% of the particles fram grinding the steel die were metallic, 3 mi-
crons or less, whereas 98% of the particles from grinding the soft steel valve were
metallic, Mamy of the perticles were too small to identify or count accurately,

F « LAKDIS TOOL GRINDERS: Landis tool grinders are usually equipped with two
ifferent types of wheels, one for side grinding ané the other the ordinary type.
1-1/2" % 12" Carborwndum Aloxite (Grit 40, Grede E, Bond 33) is used for general
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 hcods at the rear of each of which is
attached & two=inch pipe connected to & three-inch pipe which discharges into a
sewer, Suction is induced by e 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 a sy=
phon and pulls the dust away from the person using the grinder, Semples teken dure
ing the operation of Landis tool grinders had dust concentrations as follows:
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Operation Particles per cu, f%.

Drescing 1-1/2" x 12" Aloxite Wheel (Grit 40,Grade H,
Bond 33)................ 226,560

(Evidently particles in the cloud of dust thrown off by

the 2-1/%" x 8" Metcalfl Imery Wheel Dresser are larger

then 30 microns in size)
Grirding "Dimmond Point"™ Chisel on 1-1/2" x 12" Aloxite Wheel

(Grit 40, Grade E)eeeecesecrreesronneresnsenensoosnssssnses 2,067,360
Grinding 2-1/2" x 6" Laméis die on 2-1/2" x 1-1/%" x 12"

Aloxite wWheel (Grit 4B8A«P PBT78 ). et vnus ivacnsuneeensancane 755,202

Tzder the Kozimeter microscope dust particles in sa~“1es teken while dressing
the 1=1/2" x 12" Aloxite Wnesl appeared sl;ghtly‘angular with a yellowish tirnge &nc
were five microns or less in size, About 757 of the particles from grinding the
Lardis die were round, opacue, end less then 1 miecron in size; 25% were slightly
anguler erystallire, 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 everage,
Lendis tool grirnders are used about twenty hours & week, usuelly by different men.

G - YAXZEE DRILL GRINDZR: Used for grinding all types of drill bits, Hag a
side grindirg +ype 1" x 1-1/2" x 9" Carborwmdum Aloxite (Grit 30, Grade I, Bond 28)
Wheel, Operatirg speed 1735 RPL On an average e Yankee Drill Grinder runs ebout
three howrs a day and is used by four different men with an average service of
twelve years,

Saxples *aken during the grinding of a 2-5/16" high speed drill had an ave-
rege of 1,000,829 particles, ten microns or less, per cubic foot, About 70% of these
dust particles are slightly crystalline in appearance, five microns or less' in size;
30 were rounded, semi-opaque, over ten microns in size., There were also a few
small metallic shreds. No exhaust or dust collector is used in this grinding,

E - AUTCMATIC CIRCULAR SAW SEARPENING MACEINZ: There are a number of these
gricders in use in the wood working operations = such as ir the production of wooden
barrels, boxes and crates = closely associated with the refining of petrcleum pro-
ducts. Siznce they are automatic when once put in operation, there is very little
dust rmrard 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 are equipped with 1/4" x 8" Norton Alundum Wheels (Grain 60,
Gracde N) 3/ " x 8" Norton Alundum (1948 M) wheels, or 1/2" x 6" Carborundum wheels,

The ave*age cdust produced during operation of these machines is:

Wheel Particles per cu., ft.

1/2" X 6" CarborunAUm . ouvvuveerreensusvrenrcanensansoaennss 1,923,280
1/4" x 12" " et et e ... 3,568,320
3/8" x 8" Alwndum (1946M)ieeuiuenrvnvuranennrocnnannnnneanss 2,095,680
1/4" x 8" "  (Grain 60, Grade N).......e.eeueeiennenna.. 1,461,312

About 987% of dust particles in samples teken while sharpening circular saws
on the Carborundum wheels were black metallic in appearance, and one micron or less
in size, About 75% of the particles from the Alundum wheels were rounded crystal=
line, § microns or under in size, and 25% round black metallic, about one micron or
less in size. There were & number of small metallic shreds in the samples from the
thicker (3/8" x 8") wheel.

I = AUTQOMATIC BAYND SAW GRINDER: Af<er the Band Saw has been inserted and the
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mechine adjusted, this grinder works sutomatically. The wheel ordinarily used is a
1/2" x 8" Grein 50, Grade N Norton Company Alundum. The wheel is refaced or dressed
with 8 letcalf Emery Wheel Dresser about twice a day, The average dust produced by
this dressing operation is 2,284,480 perticles less than ten microns per cubic foot,
About 955 of these dust particles are sharply anguler crystelline in eppearance
under the Fornimeter microscope, and about five microns or less in size. The dust
produced curing the sharpening or grinding of the band saw blade is on an average
only 877,920 particles per cubic foot. About 50% of these perticles appear angular
erystelline and about 507 round tlack opeque, All of themr are about two microms or
less in size,

J = AUTCMATIC B0 SaW LA® GRINDER: Used to grind ends of band saw prepara-
tory to welding them together, The grinding wheel usually used is 5/8" x 10" Grein
46, Grade }i, Korton Compeny Alundur., No dust collector is provided mlthough a dust
coumt as hich as 16,142,400 perticles, ten microns or less, was found in one semple
tekex in front of the wneel while it wes in operation. The average dust produced
bty this lep zrinder was 4,984,320 particles per cubic foot. About 80% of these cdust
perticles were semi~opague, slightly anguler in esppeerance, and two microas or less
in size; 205 were bleck opmgue, about one micron or less ir size.

K= FLANINZ KUITZ 2LADE GRIIDER: Uses e 1/2" x 8" Grein 46, Grade ¥, Nortoz
Compexy Alundum wheel, Operating speed 3000 RFIL, No hood or eny other protection,
Lverece c¢ust produced while sherpening a Flener Knife Blade was 566,400 particles,
tex ricrons or less per cutic foot, About 60% of these dust particles were slight=
ly enzular crystalline in appearance end sbout two microms or less in size; 40% were
oregue of varicus sizes from abou®t seven microns or less, There were & few smell
metellic shreds,

L - LINDOZRNAD CUTTER GRINDLR: Sharpens cutters from the Lindermarn machine
for tongueine end grooving., Grinder uses & 1/2" x 6" Norton Alundum (Grain 60,Grade
) cup wheel. Cperating speed 3000 RFM, There is a hood guard over the top of the
grinding wneel, but no exhaust or dust collector, although cust counts as high es
14,385,580 particles, ten microns or less, were found et the front of the grinder in
operetior, andé 12,574,080 particles per cubic foot ir the back. The average dust
produced wes £,127,920 perticles per cubic foot. About 70% of these dust particles
are roued semi-cpegue In appcerance under the Konimeter microscope, and three mi-
crons or less in size; 207 are round, globular like particles, seven microns or less
ir size; and 10% are metallic shreds about two microns wide and 20 to 30 microms long.
There are many minute crystalline particles too small and too numerous to couznt ace
curately,

Y = GANG SAW BLADE GRIIDER: Uses a 5/8" x 10" Grain 50, Grade M, Nortor
Company Alundrum wheel, operating at 1800 RPM, A rather crude dust collector has
teen installed, but the sverage dust (8,760,320 particles per cubic foot) produced
by this grinder in operetion indicetes that it is inadequate, About 90% of the
dust particles in samples taken during the grinding of a Gang Sew Blade were semia
opaque in appearence 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 GRINDER: Uses a 3/8" x 8" Grain 60, Grade N, Norton Compaxny
Alundum wheel, operating at 1650 RPM. No hood or any other dust collector for this
grinder, The low dust count, an average of only 453,120 particles, ten microms or
less per cubic foot, indicates that there is very little real need for such equipe
ment. The dust particles produced vhile grinding an Edger Saw Blade are angular
crystalline, about two microns or less in size,

O = CIRCULA® SLA3 CUT-OFF SAW GRIUDER: Uses & 3/4" x 10" Graim X, Norton
'
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Company Alundum wheel operating at 1650 RFIL, A rather ineffective dust collector has
been inmstalled, but the mverage high dust concentration (10,931,521 particles per
cublc foot) shows that it is inadequate, About BO% of the dust particles in samples
teken during the sharpening of a Circular Slab Cut-of{ Saw were opague in appearsnce,
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 opague particles,

P - "H0G KNIFE" GRINDER: Uses & 1-1/2" x 24" Carborurdum wheel operating at
300 R®™. This grinder is completely enclosed by a metel hood, but the dust is dis-
charged onto the floor through an opering 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 wunder
the Konimeter rmicroscope amd four microns or less in size; 25% were round, bdlack
opague, two microns or less in size. o

Q = CUTTER GRINDZR:e Uses a 3-1/2" x 2-1/2" x 1/2" Norton Alundum wheel (28546
E B 5). The smount of dust produced depends upon the material being ground &s is
shown by the following: .

Grinding a steel counter sink............ 735,320 particles per cu, f%,
" " B FERMEr. . seseeoesssnsosnel,019,520 " " " "

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

What Precautions Should Be Adopted For Safegusrding Those Who Use Grinding
Wheels? Au<horities generelly 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 pmeumoconiosis if they use certified abrasive rather than sandstone wheels
for all grinding operations and if the machines upon whick the artificial abrasive
wheels are mounted are properly hooded and excessive dust removed by suction.

Cortrol of Dust from Grinding, Polishirg end Buffircg Wheels, Exhaust systems
for grinding, polishing and buffing wheels vary widely in design. In the case of
grinding, the hoods used serve not only to provide means for capturing the dust but
also act to protect the worker in case the wheel bursts. The chief difficulty to be
overcome in grinding wheels, according to U, S. Public Health Bulletin No. 217, "The
Determization and Control of Industrial Dust® (1935), is the outward sweep of air, &
fan action, due to the revolving wheel. This effect is very marked with high speed
and rough wheels and is so strong that in many instances it is sufficient to counter-
ect the normal inward flow of air, The seme effect exists with polishing and buffing
wheels but to a less marked degree,

Practically all industrial States have codes regulating the construction aznd
dust comnections for grinding, polishing and buffing wheels, They also regulate the
eir required for wheels of various sizes in terms of static suction in the connect-
ing ducts., These codes possess no umiformity, However, the reguirements designat=
ed by State codes must be followed, In States where no codes have been adopted it
is desirsble 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 twoeinch 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
RP4). This simple arrancement is particularly effective, Three samples taken neer
the cischarge of a motor driven suctien fen connected with the hood of 1-1/2" x 10"
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Llundun (Grit 46. Grade P) wheel while a tool was being sharpened had an average of
2,076,989 particles per cubic foot which would have otherwise been thrown into the

mechine shop atmosphere.

As pointed out by Dr, V. Irving Clark in his paper "Dust Eazerds and the Pre
vention of Injury “rom the Same” read at a meeting of Goverament Officials in Indus-
trv at Bostoz, liass, on lay 21, 1931, the most effective method of removing fine
perticles of dust is by suctior applied es close as possible to the point where they
are genersted and the amount of this suctior is great emough to overcome the disw
persing metiom upon the dust of the work being done. The velocity at the air ducts
of en efficiext dust removins tube should be 1500 linear feet per minute. Quoting
Ir. Clerk:

"7o matier how well & workmen is protected he chould be kept under
medicel supervision end have a periodic exemiznation of his heart
and lungs, In addition, the X-ray should be employed freely in
order to detect early signs of fibrosis in the lungs and to show
ary signs of early pulmonery tuberculosis. In my experience with
viorkers exposed to inorgenic dust, nom~silicous in cherecter, &
vearly physical exeminatioz with an X-ray every second year after
ten yeers exposure is sufficient tut it must be remembered that
tris is the result of work in a factory where the cheracter of
the dust is relatively hermless &nc where excellent dust reiov-
ing devices are installed on every machine where it is possible,
Wrere free silica is present ir lerge guantities the examinetions
should begin after two or three years exposure and an X-ray should
te taken every year,

or. Clark also states thet mer who are asthmatic, who suffer from chronic
tronchitis, or who have had pulmonary tuberculosis should not work at a dusty job.

VII - HANDLING POWDERED OR PULVERIZED MATERIAL

A lerge emount of powdered or pulverized materisls sre used in the treatment
of petroleum products and boiler water and in the manufacturs of greases snd insecw
ticices. In most cases approved respiratory protection is provided and its use re-
guired when handling the meterials. Exposure to dust is usuelly intermittent and of
short duration, Among the powdered or pulverized materials used in the refining of
petroleun products and associated activities are:

A - LII'Z: Lime is extensively used in the hydrated form and to a much lesser de=
gree as lump gquicklime,

1. EHydrated 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 begs by railroed, usual-
ly sbout 1,000 bags to a car. According to a chemical analysis of & typical
sample, hydrated lime contains:

Feg0zAloCzeveeecsases 0.30 per cent,
CBCuarevenearecenanes 73,64 " "
MgCevioveievenrennnss 0,93 " "
Insoluble Silica

Residue...., 1.01 " "

(Zemsinder mos+ly Moisture and Volatile Matter)

frem 180 to 350 pounds of lime are used per batch‘in the menufecture of greases,
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The secks of lime are usuelly opened and dumped into the mixing kettle, Con-
sideratle dust (es high as 34,890,240 perticles less than ten microns per cu-
bic foot in one smmple) 4s produced by this operation. The average dust proe
duced is 4,733,305 particles per cubic foot and the average exposure per batch
is about five minutes, The number of tatches made per week varies from one to
twenty-five, No respirmtors are worn by men dumping hydrated lime at eany of
the poimts where it is used with the exception of Baton Rouge where the wear-
ing of +he MSA "Comfo” respirator is required. About 857 of the dust particles
in saxples taken while dumping lime in mixing ketiles are slightly angular,
slightly opague, crystalline, in appearance under the Konimeter microscope,and
five microns or less im size; 15% are rounded, semi-opaque, with a metellic
greyish coler, ten microms or over. There are elso a countless number of very
small particles.

Crly @ szall gquantity of Hydreted Lime is used in the treatment of boiler
feedwater., About 70 pounds of lime is mixed per batch and about six betches
are oede every day (24 hours), The nixing is done by one man on each shift,
Although the exposure is very short, the men at Ingleside Refinery wear Willson
"Dust-tite" respirators whrile dumping lime. The average cust produced curing
this operazion is only 657,024 particles, ten microns or less, per cubic foot.
This low dust concentration is the result of & spray of water from a two inch
pipe across the hatech of the mixing tank just below the opening while sacks are
being dumped, Cornsequently, the material is wet almost as soorn as the lime is
introduced, Abowt ©5% of the dust particles ir samples taken while the lime
was being durped into the mixing tank were semi-angular crystelline in appear-
ance, and from five microns or less in size, and 5% were round opague, +two mi-
croos or less in size, -

2, L=wp Quicklime: Used to "soften" boiler feedwater. The lime used for this
purpose is Cyster Shell Lump Quicklime (97% CaQ), It ceomes in fifty pound
paper-lized burlap bags. end eight bags are usuaslly used per batch. One batch
is made per shift. The dumping end mixing requires about ten minutes per btatch,
end the man doing this work is protected by rubter 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
dumping of this Cyster 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 Quicklime into the mixing kettle ap-
pear slightly angular, crystelline under the Konimeter microscope, and are five
microns or less in size; 2% are round, semi-opasque, over ten microns in size;
and 3% are black opague scale-like, five microns or less in size,

Whet Physilogzdecal Effect is Produced by Lime Dust? According to the Inter-
zational Laber Office (Occupatlon and Health, Vol, II, 1934) particles of lime mix
with the sweat of workmen handling it and irritate tbe 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
alkeline earthis, Quicklime exerts essentially a local action
(on the skin and mucous membranes) irritating and caustic, which
is naturelly less marked in the case of slaked lime. Milk of
lime is a feetle caustic acting only or the mucous membranes,
The dilute lves are only caustic to the skin after prolonged ac=-

tioz and especially when they are wart.
'
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"In practice it is the dust of quicklime and slaked lime, given
off in the course of manufacture and manipulation, which gives
rise to the well known lesions. This very fine dust is deposit-
ed reedily on the mucous membrenes and skin, When inhaled it
may penetrate as far es the respiratory tract,"

Although lime has a tencdency to irritate the mucous mexbremes of the respira-
tory tract, it is not considered particularly hazardous when treathed in small
guartities at intermittent intervals, EHowever, complications may result when a
i&rge amoun* of the dust is breathed more or less regularly. Therefore, it is
Cesire:le 40 wesr az approved respirstor such as the MSA& "Comfo" or the Willson

"Just-tite".

- METLITIZ ZIKC LUST: DMe+allic zinc dust {90% through 300 mesh) is ex izporient
constituernt in Pipe Thread Coating Compound, About 1500 pounds of this material is
vsei per be<ch, and ebout fifty batches ere mede per montk., The zinc dust cames in
400 pound wocdexn kegs or 500 pound steel drums. According to a chemical analysis,
tris zine dust is S, 207Tmetallic zinc and 0.8C zine oxide (2nC). The particle size
¢isstribution of a typical sample as detfermined by & standard screen enelysis is:

[94]

All through 120 mesh screen

2, 76% retained on 200 mesh
2. 04% " i 250 1
22,24% " "og2s5 v

Tre zinc dust is dumped from the keg or drux onto & metal sheet im front of the ket~
tle end shoveled into the kettle by two or three men (with an average service of
atout three months) from the General Lebor Department, This is & very dusty opera-
tion, Cne sample taken during the shoveling of zinc dust had as high as 68,760,960
perticles per cubic foot of eir +the average conceatration being 28,331,328 par-
ticles, less <han ten microns, per cubic fooct, The workmen are exposed to this dust
about thirty minutes per batch or approximately 2-1/? hours per month. They wear
dust respirators. About ©5% of these dust particles are dark grey, opaque, azgular
ir arpeerance under the Korimeter microscope, and about five microns or less in
size; 5% appear slightly angular, crystalline, ten microns or less in size, The
cryszelline material is probatly zinc oxide,

What Phvsiologicel Effect is Produced by Zine Dust? Althouvgh zine oxlde (Zn0)
procuces definite physiological ef{fects. metallic zinc dust does not seem to affect
the person breathing it other than that caused by the inhalation of anmy inert dust,
Nevertheless some investigators are of the opinion that zine is not entirely inert
and herzless. Certeinly it is not as harmful as lead or arsenic, but the United
Stetes Public Heelth Service has certain limitations on the amount of zinme that is
pernitted in drinking water, According to Nuck, E. Remy, and F. Foltzmann (Jour,
Incdust, EHyg., Vol.12, 1230, page 171 Ab.) Zinc dust can cause lung trouble after
being inhaled in large gquantities, 2inc dust is also very definitely explosive.

L - ASDESTOS "FLOLT': Float asbestos is used in the mepufacture of tractor lubri-

cants. It comes in 150 pound cloth bags by railroad, about 2000 begs to a caer.
From 200 to 3000 pounds are used per batch end from two to fifteen batches are made
per month. The bags of asbestos float are dumped into the mixing kettle by three
men with an averare service of twelve years. These laborers are exposed to dust
about forty minutes per batch., Dust concentration as high as 8,269,440 particles,
ten microns or less in size, per cubic foot are produced during the dumping of as=-
bestos float, the averare being 3,058,560 perticles per cubic foot, About 8% of
these per<icles are slightly enguler, round, trensparent in eppesrance umder the
Fozizeter zicroscope. and two ricrons or less in site; 27 ere reund, semi-opaque,
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plete like, five microns or over in size,

Recent imvestigations have indicated that the inhalation of asbestos particles
ten microns or less in size is even more hezardous than was originelly believed, and
that in order to prevent harmful effects concentrations should be kept below five
millicn perticles (10 microms or less) per cubic foot, The physiclogical effects
have already been discussed umder "ASBESTOSIS" so need not be given any further cone-
sideratiorn. Men handling asbestos float should be recuired to wear approved respi-
rators,

D - GROUND MICA: Ground mica (80 mesh) is used in the manufacture of axle greese.
% comes in 100 powmd bdburlap dbags, About fifty pounds of grourd mica is used per
batel and sn average of five batches are made per month. The periofd of expesur:
will not exceed texn minutes a batch., Hendling groumd mice produces ar averege of
2,577,120 particles ten microns or less in size, per cubic foot. About 60% of these
particles are iransparent irregulerly shaped scale like in appeararce under the
Konimeter microscope, and five microns or less in size; about 407 are over tea ni-
crons in site, The trensparent plates have small lines or fissures end appear to
contain szall air bubkles,

lthough 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 mice over a period of years will produce & fitrosis, How=
ever, there is very little probatility of any trouble where concentratiors are kept
below 10,000,000 particles per cublc foot of air and where the exposuvre to mica dust
is such a small percentage of the employee!s working time,

E -~ SULFETR: Sulphur flour is used for sulphurizizg cuttizg cils and in %
preparation of special lubricants for hypoid gears. Crude sulphur is used in the
manufacture of sulphuric scid and in the treatment of gesoline and maphtha

moval of impurities such as the merceptans,

Sulphur Flour: Sulphur flour comes in paper-lired wooden barrels, 100-pound
cloth bags, or 150~poumnd burlap bags, About 2500 pounds of this sulphur is
dumped into the melting kettle by two men with an average service of itwelve
years, once a day., Their exposure to the dust which results from handling
end duzping the bags, an average of 1,540,608 particles, ten microns or
less, per cublc foot, is about fifteen minutes per man per shift onan ave
rage, No goggles or respirators are worm About 90% of the dust particles
in samples taken during the dumping of the sulphur flour were slightly angu-
lar crystalline in sppearance under the Konimeter microscope, and five mi-
crors or less in size; 10% were seri-cpaque, rounded, and over five microns
in size. The larger particles appear to contain small sir bubbles, There
were elso & 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 masde per week on an average,
The exposure to the sulphur dust is only about two hours per week on en
average. Since the sulphur is dumped into dmms of oil being agitated by
e 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 microns or less in size, per
cublc foot, The average was 3,783,552 particles per cubic foot. The dust
particles had the same characteristics as those given in the preceding
paragraph,

Crude Sulphur: Crude sulphur comes in box cars holding ebout $0,000 pounds,
usually froz Freeport, Texas. Towers are filled with this sulphur by four
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men with en averags service of eight years. It requires about two hours to
£111 & tower with ebout 10,000 pounds of crude sulphur. Two 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-
crons or less, per cubic foot) &nd shoveling the crude sulphur into the tower
elevator (en average of 3,357,640 particles per cubic foot), The anmount of
dust produced by this operetion is somewhat reduced by the steam turned on in-
side the elevator shaft to prevent dust explosions. About 60% of the dust
particles in samples taken while the tower was being filled were slighily angu-
lar crystalline in appearance under the Kozimeter microscope and five microns
or less in size; 35% were rounded semi-opaque, ten microns or over in sire; and
.5% were opaque scale like, between five and twelve micrams in size,

Sulphur dust particles are explosive but otherwise ere not corsidered hazard-
ous any more than any of the other "nuisance" dusts, although they will irritate the
mucous membranes exnd the eyes after slight exposure. Consequently, it 1s edvis-
etle to weer rubber type goggles and approved respirators, such as the MSA Camfo

type.

In an article by Aldo Cestari (Arch. Intern, Fharmacodynemie, 1933, wol. 46,
Pp. 300-314) it is stated:

"Intratracheal injection of sulfur suspensions brings about ex~
eretion of hydrogen sulfide in e period of 50 hours, There are
slight exudative end infiltrative reactions in the lumgs. It
is supposed that a substance similar to glutathione reduces the
sulfur to hydroger sulfide,"

F « LITHARGE: Litharge is added to the Plumbite or "Doctor" Solution to assist in
the removal of mercaptans, other sulphur compounds end unsatursted hydrocarbons frox
gasoline and naphtha, Fraw onme to five 600-pound drums of litharge are used in &
batech, depending upon the stook to be treated and the condition of the "Doctor So-
lution". The litharge is removed fram the drum a shovel at s time, and about fifteen
minutes are required to dump one batch. A batch is made once a week on an average,
The average service of the men involved in this operation is seven years, They wear
I'SA Camfo respirators with an approved lead filter and rubber type goggles. All of
the work of adding litherge is done in the open air on a platform at the tops of the
solutien tanks,

The average dust produced during the dumping or shoveling of litharge into
the solution tank is 3,077,480 particles, ten microns or less in size, per cubic
foot, although there were as high ss 9,288,960 particles per cubic foot during the
cperation. A rough estimetion of this litharge concentration indicates the presence
of from five to fifteen milligrams of lead per ten cubic meters = the emount that &n
average person dolng moderate work would breathe in one day. This is in excess of
1.5 milligrams in ten cubic meters which is the meximum allowable limit set by the

nited States Public Health Service. About 80% of these dust particles were.rounded,
transparent, orystalline in appeararce under the EKonimeter microscope, and five mi-
orons or less in size; about 157 were over ten microns and eppeared to contain small
air bubdbles; 5% were dark opaque scale-like, from five to ten microns in size,

Necessery Precautionary Measures When Handling Litharpge, Litharge is & cam~
pound of lead, and oorsequently there is the possibility of lead poisoning unless e
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
ceuse as little dust as possible. Insiructions issued by the Medical Depertment re-
quire that;

t
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"], No employee shall handle litharge until he has been examined
and certified as physically qualified bty the Company Doctor.

"2, Employees must be sent to the Company Doctor for physical ex-
emination at least every six months or at the first sign of
ill health

"3, Respiretors - An approved type 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, Clothirzg - Urionalls, caps or some head covering and gauntlet
gloves shall be wora when handlipg litherge. Upoz the cample-
tion of this operatign the outer clothing muzt be rexoved and
placed in a locker used for this purpose only. Unlonalls

should be wasned at least once & week,

"E, Bething and locker facilities - A conveniently located locker
enc was h roam shall be designated for use of employees handa
ling litharge. Separate lockers should be provided for street
clothes, work clothes, and one for Unionalls worn when hand-
ling litharge. In plants where men are handling litharge
throughout the shift, only two lockers need be provided. The
floors of the locker rooms where the men change their dust
covered Unionalls end the benches shall be thoroughly moisten-
ed before being cleaned,

"6, Tersonal cleanliness - General personal cleanliness is of first
irportance,

(a) Eands must be thoroughly washed on the completion of the
litharge handling operation. Hands must also be thoroughly
washed before eating or plecing anything in the mouth., A
special effort should be mace to clean the finger nails so
as to remove any litharge.

{b) Never eat until litharge covered clothing has been removed
and the hands weshed,

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

(é) The mouth should be rinsed thoroughly before eating,

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

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

G - SODA ASHE: Soda ash (58% Na20) is used to form a solution for meutralizing acid
oil, Thirty 200-powmd cloth bags of soda ash ere dumped into a tank of water per
batch by six mem, with an average service of five years, from the General Labor De-
partment; three batches a week, len exposed to dust resulting from opening and
durmping the bags of sode esh about five hours a week, Eight men spend about hall a
day a month urnloading bags from railroad box cars., The men who do the unloading
wear MSA Comfo respirators and are not the same men as those doing the mixing who do
not wear any respirators or goggles. The average dust produced by the dumping and

'
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mixing operation is 1,003,337 particles, less than ten microns, per cubic foot of
air. These particles are all slightly angular, crystalline in eppearance under the
Eonimeter mioroscope and about five microns in size. Many are transparent, glass
like, There are a number of small black specks.

E « TALC or "SOAPSTONEI": Pulverized *alc or "soapstone" is used as a filler in the
‘manufacture of "hot neck" greases used in the steel mills, Accarding to R. B, Leadoo
(U,S. Bureau of Mines Bul, No. 213, 1918) ordinery talc or soapstane is Steatite
(nydrous magnesiwm silicate = HpMg2(SiOz)4). In the form of powder, the talc is
greyish white, Associete Chemist Frederick Goldmen of the U,S. Buresu of lines, who
made a chemical analysis of samples of talc as marketed, reports:

Si02¢ . iuvnnns veeres 46,04 per cent

CRO. . evvnvarananees 439 " "

Mgt vivsiiseviaaas 26,20 T "

Combined Oxides.....15.64
reese makers usuelly consider the composition of "soepstone” which they use es ape
proxizetely 90% magnesium silicate and 10% celcium carbonate. It cames in 9C-pourd
paper bags, 700 bags to a box car, About 7200 pounds are used per batch and one
batch is maede & dey on an average, The "socapstone" is dumped into the mixing ketile
by two mer with an average service of ten years, This dumping which reguiresabout
an hour per batch is a rather dusty operation. One semple teken et 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 987 of these cdust particles were transparexnt, crystal-
line, irregularly shaped plates anc rods, in appearsnce under the Xorimeter micro-
scope. lost of these particles (about 98%) were five microns or less in size, the
rezeinder beirng ten microns or over; about 2% were scale-like, semi-opague, five mi-
crons or less in size,

Prysiclogical Effects Produced By Tele Dusts, About two years ago Dr. W. C.
Dreessen, Passed Assistant Surgeon, and J, M, Dalla Valle, Assistant Sanitary Engi-
neer, United States Putlic. Health Service, made a study *to ascertain whether there
is & cozmectior betweez talc cust expeosure axzi the relatively high tuberculosie
death rate in Murray County, Georgias, where two talc mills and mines are located,
They found (Reprint No. 1669 from the Public Health Reports Vol. 50, Ne. §, Fed, 1,
1935, pages 131-143):

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

was found,"

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

Investigators have suggested, however, that for more or less cantinuous expo-
sures concentrations of talc or "soapstone" dust should not exceed 15,000,000 par-
ticles, ten microms or less in sire, per cubic foot of air,

1 - GRAPEITE: Powdered graphite (807 to 857 graphitic carbon and 157 prodably
magnesiuz silicate) is used in the manufacture of spring and pressure lubricants, It
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comes 4in metal érmms or 100-pound peper lined bags. About 370C pounds of powdered
grap*z e is used per betch and one batch is made per day on an average., The
graphite is dumped into the mixing kettle by men with an average service of seven
years, This operation requires about forty minutes per batch per man on an average,
Three men are usually engaged in this dumping, They wear respirators while hand-
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,

A1l of these dust particles are rounded or slightly engular, black opegue, amorphous,
sooty or dark grey in appearance uncer the Konimeter microscope, and three microns

or less in size.

] - SIJTI FLCTR: Slate flour (300 mesh) gives rigidity to asphalt on "fast sur-
faces" sucn. es steep roofs and pipe lines, and prevents iis ru““-“& olf, It elso
procduces cesireble weathering properties. Mixtures as low as 10% slate flour and
as nizh as 407 are used, Az average of two tons of slate flour is used to each
s+ill which averaces about 800 barrels of stear reduced asphalt. Sirnce the slete
flouwr is introduced by the use of closed pipe lines and centrifugel pumps, the ozly
dust produced is +hat which results during the unloading of the sacks and dupping
then iztc the hopper. The slate flour comes in 50-pound paper bdacs, 750 dbags to e
reilroed box car. Four mern with an averege service of about a year, open the bags
and duzp the slate flour directly inte a hopper fram which it is siphoned by com-
pressed mir to & storage %<ank holding about 15 tons, About four carloads s month
are received aznd an averege of about &= 1/? hours is required to unload each car
About ore and threeemguarter million pounds were dumped during the last oua*te“
perlcd. The men wear INSA Camfo respirators. A screen ana1"31s of this slate flour
showed that 95,7% passed through a 200 mesh screen end 96. 8% through a 325 mesh
screer, Due “o the fineness of slate flour and its low bulk density (1.04) con-
siderazle dust. an average of 12,007,880 particles, ten microns or less in size,
per cubic foot of air, aznd 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 engular, transparemt, crystalline in appearance
under the Fonireter microscope, and five microns or less in size; 2% are semi-opague,
slightly engular, There were a few plate like particles which appeared to corntain
szell eir btubbles, and a large number of small dblack particles.

A petrogrepaic examination made of a slate flowr semple at the United States
Zureau ¢ liines Experiment Stetion in Pitisburgh, Pennsylvenia showed that it con-
tained more thas 1% Quartz (SiC2), 30% Sericite (Kp0-3Alp0z-6 SiCp=pE0), 40
opaque and 30F; five differext unidentified constituents. A chemical analysis of
slate greanules and flour (Jour, Indust,Byg. Vol.XV.,No.2,Mar,1933,p.67) reports these
constituents: -

Silicorn Dioxide veveeese55,27% Megnesium Oxide€....ssos e 210
Titarium Dioxide........, O.99% Potassium Oxide.......co 3¢ 75%
Auminum Cxide,....,....,18,81% Sodium Oxide.c...evv.... 1. 88%
Ferric Cxide.......vv... 1,129 Water below 110°C, ,...0.32%
Ferrous Oxdde ..,....... 6.58% " gbove " L......3.98%
Menaganous Oxide........ 0.13% Phosphoric Oxide.......0,11%
Calcium Oxide..........., O, 42% Carbon Dloxide.........0.21%
Barium Oxide........ +es. 0.05% Ferric Sulphide........0.15%

Specific Gravity - 2,795

"The siliceon found, though expressed in the chemical analysis as
silicon dioride, is not differentiated chemically &s to the
formns present in the original minerals, whether free silica or
silicate, "
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Effect of Slate Flour on The Lungs - In his peper "Effects of Certain Sillcate

Dusts in the Lumgs" read before the Industrial Eygiene Section of the American Public

Fealth Association at Washington, D.C. on Cctober 27, 1932, Dr. Waldemar C, Dreessen
of tne United Siates Public Eealth Service, reporting the results ol his studies of
werkers exposed to slate dust, wrote:

"Of the 48 cases of pneumoconiosis observed, all were in the first
stage except § cases, In general, the pneumoconiosis observed in
the early or first stage cases resembled that induced by cement
dust. The bronchial striations, however, were somewhat more promi-
nent. There was always & moderate bilaterel increase in the size
end density of the hilar shadows with accentuetions of bronchial
strietions which extended well out irto each lwmg field. The
lineer s<rietions seemed "softer" in appeerance cz2 lacked scze of
the sharpness of detail which is usuelly observed in the X-rays of
individuels whe have inhaled silice dust. This diffuse, fine
generelized fitrosis was chiefly confined <o the lower two-thirds
of the lumg fields,

"In the second siage an incressed prominence of the etove meztion-
ed cheracterisiics was present with <he eppearance of flake like,
eorled arees of increased density in both lung fields. In the
<rhird stage these cdappled ereas seemed to conglomerste, and in this
merner geve way to massive, clouded ereas of increased deasity."

T. Creesser founc +that although the silicate dusts of slate "induce e fine diffuse,
tilezerel Pfitrosis of the lungs which is definitely demors*reble ir the Xeray"
orkers exposed to slate dust do not begin to show definite first stage pnewmocorio-
s until efter more than ten years' exposure, FEe did not lind eny evidence that

¢ resultent pnewdoconiosis had led to disatility.

w
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i = GEITING DERRIS POCT: Derris root is used in the menufacture of insecticides.
It cemes in E00-pound bales from the Dutch East Indies. In order to reduce dust,
u“e beles are thoroughly wetted with white o0il. The root is ground at the rate of
20 pournds ar hour to pass through a 3/8"-screen. One men with three years! service
is exposed to an average dust concentration of 1,804,800 particles, ten microns or
less, per cutic foot of air, About 80% of these dust particles are rather round,
crystelline in appearance under the Konimeter microscope, and about five microns
in size; 20% are sharply anguler, five micrens or less in size, The particles ap-
peer t¢ be more inorganic then orgenic in character, Evidently the lighter root
dust particles are either larger then 30 microns and were, therefore, filtered out
by the Fenimeter filter or were carried out by the exhaust ventilation, thus leaving
the c¢irt or soil which had adhered to the roots. The grinder is loceted in a small
room viell ventilated by means of & 30-inch motor-driven fem, This explains +he low
dust concentraetion in the samples taken during the grinding operstion. The operator
weers rubber gloves, cover-alls, and is provided with a fresh air hose type of mask
while grirnding,

To “hat Extent is Derris Toxic? According to recent studies by the United
Stetes Department of Agriculture (Indust, & Engz. Chem. Vol. 28, Wo,7, July 1936,
pps, B15-821) Derris is a possible health hazerd to those engaged in milling, grind-
ing, end ¢iluting it (Derris) without the use of suitable protective measures,
Pharmacclogical studies show that Derris and its water extracts affect the respire-
<ory center which is initielly stimuleted and then, after fatal doses, completely
depressed, with death resulting. Derris dust when applied to the armpits was also
Tomd o provoke a "nmild evanescent irrita<ion,"

T
P

- ZSZITOIUZ TYRITHRUL TLOWIRS:  PByrethrmcm flowe;s are an important source cf cne
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of the essentisl ingredients of imsecticides, They come from Jepan in mat covered
bales wéighing about 450 pounds. On an average, about ten bales are ground per
shif™, Openircg the bales of compressed flowers is the dustiest part of the opera-
tion, producirg on an average 2,039,040 perticles, ten microns or less, per cubic
foot of air, About 85% of these particles are angular, crystalline in appearence
under the Konimeter microscope, and three microns or less in size; about 15% ere
flat round particles and discs and shreds, ten microns or less. The crystalline -
appearinz dust probably originates from the soil which has blown on the flowers or
plants. COne man is exposed per shift for about four hours a day during & nine menth
pericd. He wears a Willson dust respirator. The grinder is enclosed in a metal
housing connected by & fourteen-inch duct to a sixteen-inch motor driven exhaust fen,

Pyrethrum dust seems to irritate the skin of scme individuals and not effect
others in the leest; as & metter of fact it ceuses an allergic type of reactior in
some individusls o such an extent that it is inedvisable for such persons to work
in pyrethrum dust,

M = MININZ AYD DACKING "FLIT" POWDER: "Flit" powder is & mixture of pulverized
derris roc%, pyrethrum flowers and other ingredients, It is mixed in & special
room prcvided with exhaust ventilation by a man wearing a respirator. The dustiest
part of this operation is sifting the pulverized derris and pyrethrum which produces
an averace of 8,722,560 particles, ten microns or less, per cubic foot of air,

About 955 of these dust particles are angular, crystelline in appearence under %he
Korimeter microscope, and abou: three microns in size; about 57 are less crystelline
and more opague, five microns or less in size, .

Filling Cans: Three-guarter and two and one-quarter ounce tin cans are fill-
ed by automa<tic machines. the filler ends of which are enclosed in & metal housing
with a four-inch exhaust duct to & fourteen-inch motor-driven far, That this ex-
haust arrazgement is fairly effective is shown by an average dust concentration in
samples taken at face level of the operator during the filling operetion 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

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

I, - CZACKIVZ CCIL SCAKTIIG DRUIS: Crecking coil soaking drums "coke-up" about
once B month, so that in many cases they are almost completely filled with the ex~
ception of an opening down through the center no greater than twelve inches in dianm-
eter., At most plants, this coke is removed by s 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 Fahrenheit., Cach man works half an hour inside and is then
relieved for about an hour. On en average. each man works abtout two and a half hours
per shift, two shifts a week. A "bgatswein" chair is used to get in and out of the
druz.  They wear "hardboiled" hats and life-belts, Excellent ventiletion is provided
ty B stear or an air syphon placed in the bettom manhole of the drum, as a result of
wnich semples taken at face level of men during the operation of the pneumatic chisel
fed ax averace of only 311,520 dust per<ticles, ten microns or less, per cubiec foo% of
sir. About €0, of these particles were sherply encular, crystalline in appearance
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under the Konimeter microscope, and sbout five microns or less in size; 357 were
round, seci-opaque, crystalline, about ten microns or over; and ebout 5% were small
black perticles. There were also a few btlack scale-like particles over ten microns
in size, The major portion of this dust is probably coke or carbon and the scale=
like particles are, no doubt, metel from the sides of the drum or fram the chisel,

II, - CRECHING CCIL TUSZS: There are 183 tubes in & high pressure cracking
coil unit. After ruzning from twenty to twenty-five days, depending upon the cherw
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 ané star cutters operated by men with en averesge service of six yeers are used
for +his purpose. The men work in gengs of six to eight exd are exposed to dust
gbout £ix hours every two shifts orn an everage, They weer reither gogzles nor respie-
retors . elthougn & dust semple teken immediately alter reversing the cleening
mechine while in a tube contained as high as 3,082,400 particles, ten microns or
less in size, per cubic foct. About 205 of these dust particles are bleck, opaque
in eppesrance under the Konimeter microscope, end two microns or less in size; 40%
are snguler, trensperent, plate-like, ten microns or lerger; and 30% are angular,
trenmsperent cryszelline, five microns or less in size,

Semples *eken on the Cleexirng Flatform while cleaning Cracking Coil Furnace
tubes at e loritrhern refinery had en averece of 113,280 perticles per cubic foot.
Uinety-eight per cenit, of these cust particles were rouzded crystalline in appearance
under ihe microscope and five nmicronms or less in size, Samples taken in the passage- -
viey back of the “urnace while tubes were being cleaned had as high as 1,076,160
perticles, %ex microns or less in size, per cubic foot of esir. This indicates that
the men in the passageway, back ol the furnsce are exposed to more dust than those

om. the clesning platform.

e year ty means of eir-driven turbines, It has been found that cleaning can be done
more effectively if done dry rather then wet because the cust can be dblown out., If
water were used, the loosened materiel would soon form & paste whioh:-wouwld be smeara

d back on the tubes by the action of the clearing turtine, Regardless of the dust
wiich is produced in concentrations as high as 30,359,040 particles, ten microms or
less in size per cubic foot of eir, worlkmen prefer working in dry drums rather than
in wet ones, Cight men (two on each turbine) are enzaged in this cleaning operation
which requires about twelve days & year, Men with an sverage service of fifteen years
ere essignec %o this job fram the Lator Deperizmernt. The texmperature inside of the
drums or heeders is about 70 degrees Fahrenneit, In accordance with the usual preca
tice, mez operating the turbines, irnside the drum or header, work about ten minutes
and are relieved for ten minutes by their co~workers who assist in handling the air
hose in end out of the drun manhole, Respirators have beer provided in most ceses
tut are not always worn. The average dust produced while cléering water~headers and
Toiler tubes in samples taken from:

IZI, = WATTZR EZETZTRS AWD RCILER TUSZS: Tubes and headers are cleasned twioce

Lower Platform, Front Weter Header................18,306,048 part, percuw ft.
In #2 Drum While Cleening ater Wall end Tubes.... 5,664,000 " v
Inside Marhole Drum #3 While 3eing Cleaned........28,320,000 " "o

About 40 of the cdust particles in the samples taken on the lower front water-header
platform, while header wes being cleaned, were rounded, dark red in appearance under
the Konimeter microscope, and about two micronms in size; 507 were opague, more or
less angular, and about five microns in size; 10% were crystalline, slightly azgular,
and over ten microns in size, About 65% of the particles in the sample taken irside
72 drum during cleenin- were :leck, opaque, angular, less than two microns in size;
end about 157 were rownd. more or less opazue, over <en microns., The concentraticn
ol cust INSIZL <he érum during cleening eppears to decreese with the distance Iroz
'
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the manhole as is demonstrated by these counts in samples from Drum #2 (Riley Boil-
er):

Locatlion Particles per cu. ft.

Inside Manholeseseoeesonracetssesaonesssoosrnoaossonsssaarserseas 19,257,600
About 8 £, Inside Drumi...eveeeivencevareiosnsarasnneosnenases 4,078,080
n

11 " B i emetrees ettt ar s ceess  2,265,80C
" 118" " it tietererteeretetararesacrins caessss 1,585,920
"oo24 M " G A I 1 - o o

The dust particles from inside the drur appear black, snguler and were less than two
microns iz size, The dust from these clearing operations are supposed to be largely
the results of metel corrosion ernd sediment (lgrgely Calzium Carbopate and Calcium
Fhosphate) deposited by the treated Boller Feed wWater, 4 petrographic examirzetion
of & sample of dust from the Front Weter Wall Hemder wes made by the United States
Bureau of Mines Experiment Stetion at Pittsburgh, Pennsylvanie, who reported:

Quartz (Si0n).vevveevearereenasernnaass 1 per cent,
Opaque or Ccated with Cpague Material,. 90 " "
Uridertified Cleymlik@..eeveesssevoness @ " O

According to a chemicel analysis of this same material nmade by a reguler re-
ficery chernis* using the method of Adelph Knopf, U.S.,Public Eealth Service, the dust
contaiped:

Free SilicCBiceesesssocsnreccsansessanss Be70 per cent,
Combined SilicCBi.iveeiranceeoeseronenaradl, 02 " 1

Althovgh the anslysis of the dust shows a low free silica content, the high
dust concentrations found and the pessibility +that at times such ceoncentrations may
be higher thar those found, demonstrate the desirability of wearing respirators re-
gerdless of the kind of dust encountered,

IX - FOUNDRY OPERATIONS

During recent years ccensideratle attention has been focused upon the health of
foundry workers by the operation of the so-callod "Silicosis Recket" which has ex-
tracted large sums of money from the Foundry Incdustry., It is difficult to isolete
this <ype of work which gives rise to a very generel exposure to dust which may ine
volve all workers employed in the foundry, In many cases the worker is in such close
cortect with the duty atmosphere as to cause serious exposure. DMuch progress has
been made in reducing the dustiness of our foundry operations and plens are now being
considered which will further safeguerd our foundry workers., The following is a
briel 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 e half hours pouring and six and a half hours moulding per day, five
days a week, Goggles, asbestos leggings and congress-type shoes are worn by the men
kandling the molten metel. About 60% of the moulding sand, which is the principal
source of dust, is free silica (Si0p)., During the pouring operation the foundry air
appears to be full of dust and smoke, however, samrles taken during this work aver-
aged only 396,480 particles ten microns or less in size per cubic foot of air, Prac-
tdcally all of these dust particles appeared angular, crystelline under the Kornimeter
microscope and were about two microzns or less in size,

A sazple of dust “roam the top of the crane reil over the moulding floor was
'
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given a petrographic examination by the U,S.Bureau of Mines Experiment Station in
Pittsburgh, Pemnsylvania who reported 50% quartz (SiOg); 15% Clay Mineral not come
pletely identified, Kaclinite is AlsCz.2 510 ¢ 2H20; 5% Calcite (Ca COz ) and 30%
Opeagque,

B, = "SEAKING OUT" CASTINGS = After pouring, the castings are allowed to
cool, then the moulds are liberally sprinkled with water from a hose, The bands or
clemps are removed and the flesk is thrown over and broken open. The rough castings
are pulled out, piled up end trucked to the Cleaning Room. "Sheking Cut" is con-
sidered one of the seriocus occupational disease hazards encountered ir industry and
the dustiest operation in founderies but due to the thorough wetting and careful
henéling by the mer, semples teken during the operation hac en average of only
858,220 ¢ust perticles ter microns or less per cubic fect of air, The impicger
zethod would no doutt reveal much higher coumts. About $8% of the dust particles
were s1igh+ly angular crystelline ir appearance under the Kanimeter microscope and
were one nicror or less in size, "Shaking Out" is rether hot work, the men per-
spire freely so <hat it would be difficult to enforce the wearing of goggles end res-
pirstors. Twelve men with en everege service of eight years wcrk om this job, eight
rours per shift, five shifis per week.

Lif%er the castings have been removed the moulding sand is again wetted and
thoroughly worked over with & motor-driven sand cutier which is & series of revolv-
ing tlades, similar to those on & lawn mower, operated ty an electric motor, moumted
on & rubber-tired four-wheeled carriege which moves back and forth over the moulding
floer, 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 operation of this sand cut=-
ter, the opera=or is exposed to an average dust concentration of 1,529,280 particles
ter rmicrons or less per cubic foot. These particles were less then twc microns end
were s£lightly angular crystalline in appearance under the Kozimeter microscope.

Ce = CLEATING CASTINGS = Various methods are used to clean castings depende
ing on their size and shape. All of these methods produce more or less dust same of
winich carn ve teken care of by exhasust ventilations, others cannct., The methods most

o,

(a) Preliminary Cleaning - Castings are brought from the moulding floor during
the pnight and deposited in the Cleaning Room. The following morzing the cores are
knocked out, the sprues and gates are broken off and same scratch cleaning is done,
Tris work produces consideratle dust especielly when the sapd and old cores are
shovelled through the .rating into the car or bucket below (3,455,040 perticles ten
microns or less per cubic foot of air), Under the Konimeter microscope about 70% of
the dust particles appear angular, crystalline, three microns or less in size; 20%
were rounded crystalline, five microns in size and about 5% were scale-like semi-
opaque with & reddish-brown tinge and over ten microns in size, Pulmoser Respirators
have been provided but are not elways worn by men doing this work, NO attempt has
teen made to control dust from preliminery cleaning elthough some study has been
civer to the provision of a speciel air-tight roor with a grating flocr and a hopper
tznderneath with & screw conveycr at the bottom to comvey the cdebris to the disposal
car or bucket and thus eliminate the dust-producing shovelling and handling, Under
this plan exhaust ducts with a series of outlets around the top of the hopper carry
off the dust. Air is also introcduced into the room about a man's breathing level end
the mmount of eir taken out is reater than tha* introduced so that a negative pres=
sure is meintained and a complete air change is made about every three minutes,

(b) Tumblast - The Tumblast is a machine which combines tumbling with eir blast-
. from 400 o 150C pourds of cestings are put into a drum which revolves about
2L They run from about 20 minutes to four hours, depending upor the type of
stings and cleanliness reguired. Wrile the casiings are being tumtled they receive
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a blast of #20 Steel shot through three 5/&6 inch nozzles wnder 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
deys & week. Pulmosan Dust respirators are provided but are not always worn. A
ten-inch exhaus: pipe has been installed at the top of the machine and & six-inch
exhaust pipe over the screem. The suction on these exhaust pipes is said to be
abovt 2-1/2 inches water, Samples taken during the operation of this machine aver-
aced 1,200,760 dust particles, ten microns or less ir size, per cubdic foot which in-
dicates that the dust control measures which heve been provided are getting results
elthough there is still room for improverment. About 98% of %he dust particles ap-
pear guartz-like under the Konimeter microscope; about 607 are five microns or less
in size and are angular crystelline in appearsnce; 407 are te- microns or over in

——
F

size, end rether rounced in eppeerance. There are also & lerge numker of zizute bdlack
re=allic specks entirely too small and mumerous to count accurately.

(¢) Siv Drrling Mill - Cleans brass cestings by a combination of tumbling end
air-blasting with 8 Sand Blast Sand and 85 pownds per square inch air pressure. The
¥411 holds froz 100 to 150C pounds of castings and cleans f{ive loads a cay, Two men,
with an average service of 15 years, operste this mill whick runs about five hours e
day, They wear Pulmosen Dust respirators end -oggles when opezning the machire, This
11311 is hooded with mn 8-inch erhaust pipe having a 2-inch water suction., also a
10-inch exhaus: pipe over the sand screen at the rear of the machine. Samples of
dust <aken during the operation of the Sly Tumtling Mill had as high as 2,492,160
particles ten microns or less in size per cubic foot of air and an average of
1,393,344 perticles per cubic foot. About 90% of these dust particles were rounded
crystalline ir appearance under the Konimeter microscope and two microns or less in
size; 5% were black, opague scale-like and 5 were rounded crystalline about five
microns in size,

(d) Twu=tling Barrels - 36" x 42" Whiting Tumtling Barrels remove sand fromcast-
incs, They hold from 1200 to 1500 pounds of castings per load and revolve at 10 RFM.
The cestings are tumbled about two hours with about 700 povncds of one=-inch unanneal-
ed cest merlleatble iron stars and jacks. An exhaust system with a 6-inch pipe through
the trimrnion havirg a suction of 1-1/4 inches water. This suctior has been found in-
edeguete to give the desired results conseguently the suction is to be increased to

inches water, Samples tsken during the operation of the Tumtling Barrels had an
averaze of 1,348,032 dust particles ten microns or less in size per cubic foot of
air, Adbovt 90% of these particles were angular crystalline ir appesrance under the
Konimeter Microscope and three microns or less in size; abowt 10% were rounded semi-~
crystalline, ten microns in size, There were also a few <rianguler-shaped opagque
metallic particles, Three men, with an average service of twelve years, operate
these tumbling barrels eight hours a shift, five shifts e week, Pulmosan Dust Proof
respirators end goggles have beer provided but are not always worn.

The type of Tumbling Barrels being used has been condemned by & major com-
rexy because it is impossible to ventilate it properly. The holes in the end liners
clog up when the barrel starts revolving. thus preventing circulation of air through
the barrel. This condition hes been remedied, in a new design now on the market, by
the use of two shells - an inner perforated and an outer solid shell., Both trun-
nions are hollow and are connected with the air 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 cleaned by air-blasting (85 pounds per square inch) with mixture of ap-
proximately half and hal’ sand and 740 Steel Grit, Syracuse Core sand is used when
& special firnish is desired. There are three men, with an average service of three
Yeers, or *this jot who work 45 minutes of every hour, eight hours a shift, for one
veex out ol <three weeks. This work is done iz a specidl tizht air conditioned room
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while wesring & Sly Send-blast Helmet supplied with outside fresh air provided by a
special blower used for that purpose only. Semples teken inside the room while a
casting was being air-blasted had an average of 3,738,240 dust particles texn microns
or less per cubic foot of eir. About 80% of these dust perticles were sharnly BENgU=
lar crystalline in appearance under the Konimeter microscope and three microns or

less in size; 20% were rounded quartz-like crystals about ten microns in size, There
were elso 8 few rustelike scales and a large number of black metallic particles too
minute and too numerous to be counted accurately., The silicosis hezard of this opera-
tion could be greatly reduced by the use of steel abrasives exclusively,

(f) Rougk Smaggine Wheels - These mechines mre used for removing projections
such as sprues, parts and gates from castings, There are two types of these wheels:
the DOUBLE IND using either 18-1/2" x 3" Cerborundum and Vitrified or 24" x 2-1/2"
Red-ezol (Bakeli<e bowmd) Wheels; and +he HORIZONTAL DISC Grirder having e 50"
diemeter vitrified wheel, These wheels are used by seven men having an aversage
service of nine hours per shift, five shifts per week. EIach wheel is hooded and has
8 four-inch suction pipe. There is an eight-inch suction pipe on the Horizontel
Grinder. Goggles and respirators ere provided but the latter are not always worn

with the exception of the men on the Horizantel Grinders. Vitrilied wheels are rum
at a slower speed (1800 RPM) then the Bakelite Boumd Wheels which operate at 3400
RPL Samples *sken during the operation of the Rough Shagging Wheels had the fol-
lowing dust concentrations.

Doutle Ind Snagging Wheels:

Average Dus‘ from Vitrified Wheels........... 3,653,280 particles per cubic foot
" Carborumdwm " ........... 3,322,820 " woow
! " * Bakelite Bownd wWheels...... 2,662,080 " " n "

Zorizontal Disc Grinder:

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

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

About BO% of the dust particles from the vitrified wheels appeered black angu-
lar opaque under the Fonimeter microscope and two microns or less in size; 20% an-
gular crystelline -sbout one micron or less, There were also & large mumber of black
rminute particles too small end numerovs to cownt. The dust particles from the Eori-
zontal (Vitrified) wheel were approximately 90% angular, crystalline and 107 black
opague., All of these particles were sbout two microns or less in size, About 60%
of the dust particles from the Bakelite bound wheel were black anguler two microns
or less in size; 25% were angular crystalline, less thar one micron in size and about
15% were rounded crystelline sbout five microms in size.

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

DOVELE 4™ x 14" POLISEING EMERY WHEELS - Wheels after being made up are dipped in
glue and then rolled in Alumdum Grlnding Grain, sizes 60, 80 and 120 mesh, DOUBLE
DISC GRINDERS - 36" discs covered with 346 Cast Iran Grain or Silicon Carbide (an
electric furnace product) and WIREZ SCRATCH BRUSHES -~ made up with four 12" sections.
Exraust 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
frushes, These wheels are used by four men with en average service of two years. They
wear cogrles eand gloves but no respiretors, Samples taken et face level during the
operetior of this equipment hadé <the following average cust concentrstions:
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Dus‘ Produced by 36" Dise Grinder....ee.o..s. 1,416,000 particles per cubic foot
" " 12" Wire Scretch Brush...... 736,320 " " "
" " " 4" x 14" Polishing Wheels.. 481,440 " " " "

These comparetively low dust cownts indicate that the dust control measures which
have been provided are either effective or the dust particles produced are over 30
cicrons in size and were thus filtered out by the Konimeter filter. Under the mi-
croscope dust particles from the FPolishing Wheels appeered ell rownd crystalline and
atout one micron in size, About 40% of the dus* particles produced by the Double
Disc Grinder were shaerply angular, opague about three microns or less in size; 60%
were less angular crystalline about one micron in size, The dust particles produced
ty the Wire Scretch Brush were all rounded, crystallire and about ome micron in size,
Trere were no retellic particles in emy cf the semples examized, Few exhtust hoods
rave been instelled on Wire Scratch Brushes beceause it has been generelly essumed
+het these brushes dié not produce any dus<. This assumption, however, is unitrue as
one sa.c’e from & wire brush at a Southern Refinery hed es high as 6,683,520 per-
ticles ten zmicrons or less per cutlc foot of eir,

(h) Coze Grinding VWheels = These wheels are operated with compressed air end
are used to co miscellaneous rr:ndirg on castings by four men, with an average ser-
vice of twelve years, about two hours e dey on an average. The cones are 5-1/4" x
3-1/@" vitrified and procduce an average dust of 1,88¢,120 perticles ten microms or
less per cubic foot of air, About BO% of these particles ere sharp engular crystal-
line, In eppearence uncer the Konimeter ricroscope they ere five microns or less in
size; 20% are rouné opacue but non-metallic in appearence anc fitve microns or over
ir size, There ere no hoods over these wheels anc the operators wear no respirators,

r?é“& e Dusziness of Clearnins Rocm Air - A series of live sawbles were
taker betweern 9:30 &nd 9:40 A.l. %o determire the averaze amount of ¢ust in the eir
ol the clea“i“g rocn while the various cleaning operations were in full blast. An-
other series of five sarmples were teken about 3:3C 7L in the alternoon after the
roon hac been ziven its regular clean-up, There was quite a difference in the emount
of dust in *he eir during the morzing (2,185,480 particles tex microns or less per
cutic foot of air) ané during the afternocn toward the close of the shift (338,272
particles per cutic foot), About 95% of the dust particles in the evening samples
were arculer crystalline in appearance and about +wo microns in size. There were &
few large semi-opague or scale-like particles about 20 microns in size. About 985
ol the cust par<icles in <he morring samples were engular crystalline two micrans or
less in size and azout 2% were round, crys<alline over five microns in size,

A sample of dust from top of one of the larger Exhaust Ducts in the center
of the cleanirgz room was given a petrograptic examinetion by the U.S.3Bureau of lines
Experiment Station at Fitisburgh, Pennsylvarie and found to contain 407 Quartz
(5i0p), 20% Clay Mineral not completely identified; 405 opagque,

D¢ = CORE MANING - A large mumber of cores are made by the Demmler Air Cpe-
rated Core Machine which uses & mixtuwe of two-thirds sea sand, one=-third river sand
and one rallon core oil per 60 gallons sand. There are three sources of dust in the
operation of this machine

(1) Shovelling Sand to £ill the Machine Hopper..1,018,520 particles per cublc foot
(2) Blowing out Core-boxes...................... 736,320 "
(2) Blowingz send into 4he Core=liouldS.e.eessss s 755,200 " " " "

About 98/ o &;
ue Iin eppearance an
into =le core moul

he dust particles from blowing out the core boxes are dark,
2 about cne micron irn size., The dust particles from blowirng
25 ore angular crystelline less then one micron in size,

'
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Cores sre "mmoothed up" after being baked in the core oven by scratching
off the rough edges with an old hacksaw blade. This operation procuces an average of
906,240 dust particles ten microns or less in size per cubic foot of air, About 98%
of these particles are angular, crystalline in appearance under the Konimeter mi-
croscope and are less than one micron in size,

E, = SZTPARATION OF BRASS POUNDRY SKIMIVINGS « A Steinlein Seperator, revolv-
ing ebout 25 RPN, separates bress from about 100 pounds of skimmings an hour. The
separator has a 4-inch exhaust duct to a l2-inch fan which produces a suction of
ehout four inches water. Samples teken during the operation of this maschine had an
everaze of 1,231,920 particles tex microns or less per cubic foot of air, About 95%
of the éust perticles in samples taken above the charging chute appeared opague
e==der tlack ir color under the Konimeter microscope and were less than one microz
in size," 'sbout 807 of the dust perticies in samples from the trunzion were more
cryszalline and rounded in eppearance enc less than one micren in size, This was
elso true of <ne samples teker in front of the machine where the slag drops dowz into
& bucket, The cdus* particles in samples {rom the metal being discherged fram the
rmachine were about 507% metallic in appearance about 50% angular crystalline, Boh
crwstellize an opague particles were abovi two microms or less iz size, Six ren,
with en evereze service of seven years, take twns operatirng this machine which runs
eTout twe hours per cay On an average,

X - MASOINN’S OPERATIONS

I. = TTARINZ CUT STILL FIRI BCYIS - Two men with an average service of ten
veers, spend +two days & month on an average tearing out slag-covered bottoms of crack-
ingz coil furnace fire boxes. Temperature inside fire box is about 85°F, The bot-
zoms which are composed of fire brick are broken up with "Bull Point" Preumatic
cnisels, Sexples taken inside the fire box while this work was in progress had dust
concentrations as high as 1,012,520 particles ten microns or less per cubic foot of
eir, These pearticles were glassy sharply crystelline in eppearence umder the Koni-
reter microscope. About 90% were five microns or less in size and 10% were over ten
zicrons, The larger particles were semiwopague, There were also a large mmber of
rowmdé bleck opague particles about one micron or less in size, fter the bottoms
ned been broken up by the pneumatic chisels they are shovelled out through the fire-
box door and then reshovelled into trucks to be hauled awey, This operstion natural-
1y produces more dust than the breaking up inside the fire box, Although no wind was
tlcving senples taken at face level during the shovelling and loading had dust com-
centrations as high as 2,435,520 particles ten microns or less per cubic foot of air
enc an average of 1,345,200, Goggles but no respirators were worn by the workmen.

II, - CEIPPING OR CUTTING CONCRETE ~ A large number of employees with an
average service of three years, spend at least ten per cent, of their time dismant-
ling or cutting concrete structures with pneumetic chisels in the removal of old
foundations, concrete supports and blocks and in cutting holes in wrlls and floors.
Semples taken during the cutting or chipping of concrete had as high as 6,810,080
perticles ten microns or less in size per cubic foot and a genersl average of
1.591,051 particles per cubic foot. All of these dust particles are slightly eangular
crystelline in appearance under the Konimeter microscope. About 85% of the dust par-
ticles ~ere five microns or less in sire; 10% between five and ten microns and about
57 over ten microns in size, In many cases neither goggles or respirators were worn
ty the workmen. Regardless of the rather low dust counts found, men engaged in chip-
ping or cutting concrete should wear concrete due to the high silice content in the
usual agzregate used in concrete.

IZI, « CEZIPFING MCRTAR FROL BETWIIYN BRICK - Chipping Mortar with pneumatic

~isels from tetweern tricks in walls of structures preparatory to weather-proofingisa
cularly dusty operstion, Samples teken during this work haé dust concenirations
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STANDARD QI COMPANY
{Incorporated in New Jersey )
30 Rodkefeller Plaza
New York. N. Y.

MEDICO - SAFETY MEMORANDUM

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

——rmm A - e

IITFIIUITICY - Long looked upoz s priectionable, dust tocdey is &lso recogmize
e es Zexnrcerous - especially wizh regard o occupetiozel disease (Pnewmoccrziosic) end
iors. 3Sizmce zhe dust encouxntered iz the production of Petrolewm producss
exd associmted operetions are non=explosive wnder ordinery working cozditiozns. no
furwher mtzention will be devoted o this phase of the dust harzerd,

Studies heve revealed the: “he time element (exposure) end the concexmtrztion
axd size of <he dust particles ere major fectors in producing heelth hezerds. Zere-
tofore 2ifficulty haes been encoumtered in determizing actual cust concexniretions end
sizes of the particles, buf recertly developed inmstruments such as the Zeiss Foni-
mezer exc the 3ausch & Lomb Dust Counter meke it possible to obtain dust cournts and
estizmete size of dust particles which, while not absolutely accurate, are indicetive
ol the dustiness of the ares,

The data presented in this memorendum are besed upon material taken from the
aveilatle literature on the subject, upon field investigations and conferences with
technical specialists and upon 1008 actual dust counts made with a Zeiss Eoninmeter,
usizz & 20 to 30 microz (e microz is about 1/25,000 of an inch) porcelair filter,

In the report of *he Preveztive Engineering Comnittee of the Air Eygiene
Foundaticn, Professor Philip Drimker of Eerverd, chairmen, and other technicel
specialists or the Committee write:

"If “he breathing of dust causes disebility of amy sort - silicosis is
only one manifestation - then 1t follows that there must be some degree of air
cleanliness from which no disability will result to the average man during the
average working period. )

"There is no satisfactory medical answer at present to this question, but
the engineer is making a bad mistake if he lets men breathe heavy dust concen-
trations of any material. If no other reason for dust control can be found,
then ome should read transcripts of some of the recent suits at common law in
which fantastic demeges for alleged silicosis were granted to men who breethed
dust containing little or no silica. The Courts and Compensation boards are
not impressed with subtle distinctions between dusts with 10% and 40% quartz,
especially when medical experts are reluctant to meke definite statements as
to the comparative significance of such differences.

L d - : : . . Ry
<t would be well %o reelize that mexz working in custy <rades suffer far
more Iroz respiratory troubles of all kinds then co men who werk in cleax eir,

The evidence that excessive dustiness of eny kink is hermful is beyond ergu-
N
mexzt”,
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PART I - DUST AS A HEALTH HAZARD

I - WEY IS T=Z DUST PROBLEM SO IMPORTANT? - Although the sudject of the health
of workers in dusty trades has been receiving considerable attention from students of-
indus<riel hygiene for a pumber of years, the seriousmess of this problem was not
2211y realized until it was brought sharply to our atteztion by the constantly growe
irg cowmiry-wide wave of lawsuits instituted in behalf of the victims in our common
law courts, by the magnitude of the generous verdicts awarded by the juries and by a
recens decision of the Federal Circult Court reversizng the substaztial award of a
jury in m New Jersey cese (Pexmsylvenia Pulverizing Company vs. Eldred G. Butler),

J=EY
Owizg %o “hese developments, the problem canzot be ignored or trushed aside as merely

ving
axczher forz of "racketeerizg" by unmscrupulous lewyers end comspiring doctors, Dodging
the issue cenzot provide the neeced sclution because even tne mest umscrupulous
lawyers caznotcreate a pethologic lung at will ané, Surtherzore, evez the most skep-
tic of coroners Ifreguently finds himself corrotoratizng & diagzosis by his postmortem
examirzation, ZIzlizhtened industrislists and the medical professiorn as well as the
bench and btar, have came to the realization that exposure to ceriein kinds of dust,
suckh as those containing considereble amounts of quersz (silica), has incremsed <%

uzhealthy bodily condition end death rate Irem respiratory diseases; wnile metallic
custs, such as lead and its compounds, have Tbeez associated with general systemic
poisoning of workers, "Silicosis" is now & defizni<ely recognied diseese which is
destized to become one of the foremost and most serious of occupatiocnal diseases of
the fuzure becamuse the zumber of workers iz dusty trades is larger then almost any
other group exposed to & single kmown industriel hazerd, The McCaffrey Act, which
beceme elfective September 1, 1935, amending the New York Cozpensation Law, irncluded
silicosis as axn occupatiopal disease subject to compersation,

Sixteen states, as well as those of the Federal Goverzmezt ard of Sawali,
Puerto Rico, and the Philippine Islends (U, S.Tept.of Labor 3ull, No.625,Bur,Labor Sta-
tisties), heve Workmen's Ccompensation Acks which include compenseticn for occupatiopal
diseases, either expressly or by judlclal interpretation, or specilic cccupational

disease acts,

II - WEAT IS MEANT EY "DUST"? = According %o Webster's Unebridged Dictiomery,
"Dust" may be defined as fine, dry particles of earih or other meiter socomminuted
that they xmay be raised and wafted by +the wind; +that which is crumbled %o minute
porticns; fine powder, As pointed out by Philip Dricker in a paper read before the
Chemical Secticxz of the Natioral Safety Congress (held in Atlazmtic City, October,
1836), dusts include all types of dry earthy particles small enough to be blownabout
by ordinery eir currents., Dust suspensions may be genersted as the result of grinde
ing blastizg, or camzinuting process; or they may result from the handling of fine-
1y divided materials as in mixing processes, irx sweeping, or the blowing about of
wood flour. plant pollens, or cormon road dust, There is no chemical limitation im~
plied by the term "dusi" while the range in size of dust particles extends from the
sub-microscopic to small sand grainms. Mr. D. Harrington, Chief Heelth and Safety
Branch, T.S.Z3ureau of Mines advises that dust as applied to heelth and respiratory
conditions may be wet as well as dry. Under some conditions, such for example as in
wet drilling in mines, the escaping air fram the drill hole may (in fact generally '
does) contain a certain amouwnt of entrapped solid material which undoubtedly is wet
rather than dry, yet it remsins in the air sufficiently long in some instances at
least to be breathed by the workers to contribute to poscible health trouble. The
size of dust of importance from a hygienic standpoint are those under ten microns,
Iz fact, the sizes fownd in indus+trial atmospheres are under two microns for the
larger majority of perticles, say 90 %o 85 per cent, TFhysiologically, there are al=
most as mamy different classifications of dust as there are suthors on the subject,
Zowever, according to Professor Drinker ("Dust, FTuzes ar? Smoke". Irtermatiozel Le=

ERPPY

bor Cffice, Oceupeticn uxd Feel:h Tol,l, 930, ?.603)'a11 of these classifications

- Sy,
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are without much practical importence, since indaily practice in industry the harmful
effect is exercised more freguently by dusts mostly of mixed origin. Besides, what is
most importsnt is the physical and chemical canstitution of the dusts and consequent-
ly +their esction on the system

ITI1I - WEAT ARE THE PEYSIOLOGICAL EFFECTS PRCDUCED BY TEE INEALATION OF DUST? - To
be harmf™ui from & respiretory viewpoiznt, dust must be of sufficient liness %o pess
through the nasal filters and be retained in the alveoli (minute air sacs) of the
lunzs. Particles foumd in autopsied lungs are of the order of one micron (e microxn
is i/lOOO of a millimeter or about 1/25,000 of an inch) or less in size - about the
size of the commoz becteria., Some dust particles foumnd in lumgs are as large as
five or six microns although these sizes are rather exceptiozel,

Thereare five distinet “ypes of reactioz produced in man as the result of innsla
ing dust., These reactions may be troedly classified, based on the primery cause, as
PR
S0LLI0WS?e

(a) Those which result in lung fibrosis, commorly referred to as pneu=
mocoriosis, These dusts contain free silica, agbestos, stc, How=
ever, 1t is not necessary for fibrous tissue to be formed in order
for the disease to be classed as "Pneumoconiosis".

{t) Those which are itexic arnd are absorbed imto the blood streem suck
as lead, cacdnmium, ete,

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

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

(e) Tnose commonly referred to as "nuisance dusts”, These may cause ir-
ritation of the respiratory tract or passages and may cause conw-
sideratle discamfort, also headaches of the dry "nasal" passage or
sinus type and exposure to them may be associated with a high in-
cidence of respirstory illness,

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

Owing to the length of time required to obtain a reaction by inhalation meth-
ods, the United States Bureau of Mines and the Public Eealth Service adopted about
twelve years ago, a method of injecting small quantities of the dusts tobe studied
into the peritoneal cavity of guines pigs. ("Response of Peritoneal Tissue of Dusts
Introduced as Foreign Bodies™ by Dr, John W, Miller, Dr. R.R.Sayers and Wm, P, Yant,
Jour, Amer.Med, Assoc, Sept. 22,1934 - Vol,103,pps. 907-911). It was found that iden-
tical reactions occur in each enimm]l 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
¢lessifying the physiological response tothe dusts, There are three types of reaction:

An absorpticn or dissolution of the dust,
A prolilerative reaction.
An irert reactiorn. '
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In the inert resction, 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=
tritutior. Spepstone, carborundum (Silicon Carbide), jeweler's rouge (Ferric Oxide),
enthracite corl, bitumnous coal and certain filter clays have inert reactions., Cal-
cite, limestone, precipitated celcium carbonate, gypsum, and Portland Cement exhibit-
ed en mbsorption reamction. Quartz, chat, certain filter clays and flint produced e
proliferative reaction.

.The 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 mbsorption or proliferation. Since the reactlon elicited by dust wes
constart end uniform in all of the animals injected with the dust, it is believed
thet this response of peritoneal tissue to verious dusts can be used as a test to de-
ternine the possidle tmrmfulness of indusirial dusts.

The fitrosis-producing properties of a Georgia filter cley (30~60 mesh grade)
a sample of American cozntact clay and a German contact clay were tested by the Intra-
periscneal Method, under the direction of Dr, R, R. Seyers, Medical Officer in
Charge, U.S. Pudlic Health Service. The Georgia filter cley showed an inert reaction
with & slight tendency towards & proliferstion in the 90-day test. The Americancon=-
tact clay showed an inert reaction with evidence of some slight absorption or dis-
appearance of same part of dust in the 180-day tests.s The German contact clay caused
the formetion of light yellowish-brown nodules and as the interval between the in-
Jection and +he erxmmination increased the nodules became somewhat flattened, but the
emownt of dust and the approximste size of the nodule remained the same throughout
the extire 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 silice.

In comenting en the results of the tests with the Georgia filter clay and the
Americen cortact clay, Doctor Sayers advised thet the results of the test indicated
that the filter clay is more harmful than the American contact cley 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 modificstion of the reac-
tion in the filter clay cen be attributed to the presence of 5-10 per cent. quart:z
(Petrographic), Gypsum in the Americen contact clay may account for the slight ab-
sorptive reactior., Doctor Sayers advises that an inert dust, if breathed in suffi-
cient concentretion, may be harmful, These tests were made in sccordance with the
procedure described in Reprint #1608, Public Health Reports, Vol. 49, No, 3, January
1, 1934, pps. BO-8S.

The inhalation of dust gives rise to "Pneumoconiosis” a term derived Troam the
Greek vneumon, lungs and konls, dust, and used to designate a pathological condition
of the lungs caused by the inhalstion of eny dust, It includes SILICOSIS, a chronio
disease of the lumgs caused by the inhalation of minute particles of free silica
{8iD2) dust which produces a permanent incapecitating alterstion of the lung tissue;
ANTHRACOSIS, the black lung of the miner due to coal dust; ANTHRACC=SILICOSIS, +the
newest of our mineral dust affections and introduced by the United States Public
Health Service as a result of their studies in the Anthracite District of Penmsyl-
vanie. This affection is the result of breathing anthrscite coel dust that contains
silica. The common neme for the affection is "Miners! Asthma"; CHALICOSIS, the
gray-black lung of the stone-cutter due to stone dust; ASBESTOSIS, in msbestos
workers due to asbestos dust; SIDEROSIS, due to breathing dusts of ironm 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-
CANCKONICSIS, a special form of silicosis caused by ultre-microscopic particles of
siliceous volceric dust. Silicosis, Asbestosis, and Silico-Anthracosis are the only
three forzs of preumoconiosis which reguire practicgl atterntion,
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While the type of pulmonary lesion depends on the particular dust inhaled, the
underlying pathologicel principle is the same in all forms of the disease, nemely, an
uwltimate fibrosis and replacement of the elastic lung tissue by a hard umyielding fi-
brous tissue., All occupetions that expose men to large amounts of dust may cive rise
to pnewmoconiosis but not necessarily to silicosis. It is now generelly agreed that
in order to produce the latter, (silicosis) inhaled silica dust must reach the lungs
in & chemically uncombined condition, in very fine particles not more than ten mi-
crons (10/?5,000 inch) in diemeter and in sufficient amount and over & sufficiently
long period of time. In relatively recent literature it appears that the proponents
o the idea 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 herme
ful. Generally speaking, the necessary length of exposure tc produce silicosis is in
direct proportion to the size of the dust particles and inverse proportion to the
dust concentration and the smount of free silice in the dust. Silicosis is cher-
acterized mnetomicelly by & generslized fibrosis of the lungs and clinicelly by shori-
ness of treeth, decreased chest expension and e progressively lessened cepacity for
work which is out of proportion to the objective physicel Tindings. The effect of ex-
posure to dust such as silice is cumuletive, the repidity of developmnent of the dis-
ease depending upon the time e&nd amount of inheletion. Silicosis may develop to the
point of causing symptoms only after several years exposure to silicious dust, but it
mey be progressive in some cases even after exposure has ceesed end mAy cause Symp-
toms or become cisabling long after the workman hes left the environment that caused
the condition. Some may improve or at least remeir stationsry in the absence of in-
fection, Watkins-Pitehford (J.Ind,Hyg, 9,109 - 1927) tells of Welsh miners who passed
the physical exemination for enlistment in the British Army, fought through the World
War, then came back to England, and died of silicosis. Unfortunstely, it is not
stated whether these persons died from silicosis complicated with tuberculosis. Brit-
ton and Eead (J,Am. Med.Assoc, 96, 1928 - 1931) give more detailed descriptioms of
siniler letent 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 eir containing silica
(si02), characterized anatomicelly by generalized fidrotic changes
end miliary nodules in both lungs, and clinically by shortness of
breath, decressed chest expansion, lessened capacity for work, &abe
sence of fever, increased susceptibility to tuberculosis (some of
all of wkich may be present), and by characteristic roentgenolo-
gicel findings."

In other words, silicosis is & disease of the lungs in which the normal lung
tissue is replaced by scar tissue due to breathing air containing siliea dust, Un-
fortunatel: there is no known cure for silicosis - but SILICOSIS and nemrly all
other forms of dust diseases CAN BE PREVENTED,

Recognizing the wide interest and even hysteria smong apprehensive employers
ageinst whom claims had been filed by alarmed workers, and the necessity of thought-
ful consideration of the silicosis problem, the Secretary of Lebor on April 14, 1938
called the First Naticnal Silicosis Conference attended by more than 300 persons
representing workers, employers, State and Federal Agencies, Insurance campanies, and
other interested groups. Four Committees were organized to study specific phases of
the silicosis protlem; and assemble the essential facts ebout silicosis in a series
of reports; also to present specific suggestions for silicosis prevertion and
straighten out other difficulties that silicosis hes created. Reports made by these
Cormittees were formelly ecopted at a second conference held February 2nd and 3rd
1837 in Weshington, fron which we quote:
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"While & few persons may still be of the opinion thet such workers" -
(Workers having silicosis) "are fthrough! end docmed to an early death, every
study conducted thus far confirms the fmct that the great majority of these
men will not necessarily progress fror bad to worse, Perheps it may be wise
to trensfer some workers to other employment, but many may bte continued at
their regular occupations if known methods are applied to control the dust
an¢ if special care is employed to prevent the development of tuberculesis,
poeumonir and other lumg complications". )

"Contrary to popular belief, silicosis is slow to develop, Usually it tekes
seven years or more of exposure to silice dust for a worker to coztract the
disease, It is seid that a few cases have been known to develop in as short
e period as 1-1/2 years, but these were under exireme and umusuel conditiorns,
On the other head, many workers heve latored umder ordinary exposures to
gilica for more than 30 years without demonstrating any trouvble whetever thet
could be diagnesed as silicosis".

For the conveniert diagnosis of silicosis or of silicosis complicated by tu-
berculosis, the pulmenery chenges are classified in three stages by Irinker & EHatch
("Industrial Dust™ - 1928)., 1In the first stage, the disemse produces no élebility,
The viciim car work just as well as ever, In the second stage, his respiration is
affected; he is bothered bty dyspnem or lmbored btreathing. Ia the third stage dys-
poea becomes severe end he i1s likely to contract pulmonery tuberculosis, generslly
witl: fatal results. Whether he contracts tuberculosis or not, the advenced sili-
cotic is far below normal and is very susceptible to all respiretory diseases,

These three stages of silicosis can be distinguished by X-ray. Acormperiscn
of the X-ray plates of a silicotic with those of a normal person of like age and
physique shows, ir the first stage, distinctive shadows, evenly distributed in botkh
lungs, These mey be missed or misinterpreted by any but an expert; but the changes
ip the second and third stages are obvious even to & leymen, It is, of course, es-
sential thet <ihe X-rey pletes be properly mede. Dr, Pancost and Dr. Pendergrass of
the University of Penrsylvania heve given extensive study to the influence of X-ray
‘{echnique on the diegnosis of silicosis. Pendergress is of the opinion that shadows
and eppearances of fitrosis can be actually produced by the technigue employed.
Under other conditions, existing fibrosis can be ertirely missed by use of improper
technigue.

Silicates as a class are by no means harmless. It was pointed out by Dr. R
E. Sayers (U.S. Putlic Health Bulletin 221) thet Miners' Consumption was rather com-
mor ir the Broken Fill district of Australia where the rock conteins considerable
sillimanite (Als SiOg), fibrous silicate, and & rather low percentage of quart:z
{12.23%/), The studies of Badhem (Rept.Dir.Gen. Pub, Health, New South Wales) give con-
siderable support to W. R. Jones' (J.Byg.15,307-l§§§) contention that silicates,
particulerly the fibrous varieties, may well be the cause of pulmonary disability.
Badken in 1927 coined the word SILICATOSIS to cover disetility from the inhalatien
of silicates, Other silicates such as Talc (Hz Mg (Si03))a; Shale; Keolin (Ha Alr
Si2 0g); Feldspar; Cryolite. (Na3AlFg ); and pure Mica give much less specific changes
than quartz. A moderate fibrosis may appear after exposure to numerous materials
but this fibrosis is usually not disabling, According to Dr. Lanza, "Silicatosis"
1s not a recognized term in this country and disability from the inhaletion of sili-
cates has not been proven.

Dr. Cary P, McCord (Ind.Med.July 1933, pps.4-12) states that all silicates
teken into the lungs, of particle size capable of passing the celluler membranes, are
likely to induce some fibrosis in excess of normal but the progress of such silica-
tosis is rnot nearly so rapié as for sillcosis. Tuberculosis rates are high in sili-
cate usizg Industries., Antecedent tuberculosis, qu%escent, may flare up as & result
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of exposure to silicate dust.

Asbestosis - According to authorities cited by Drinker & Hatch in their book
"Industrial Dusts", the pethology produced by asbestos is not like that of silicosis,
Dr, L, U. Gerdner of Sarenac Lake is of the opinion that the esbestos fiters group
about the neck of an alveolus and shut it off, causing what is known as "Atelectasis".
There is no defirnite migration or iransportatior of the dust perticles to the lymph
nodes and no fibrous nodules. As the atelectatic areas increase the reduction in
lung eree causes serious dyspmes or leborered breathing. Dr. A, J. larzs (U,S.Health
Rep*s., 50; 1 - ;gég) suggests thet the enlarged hearts noted Irequenily in his
cases of second stege Asbestosis may be due to the increased loac on the heart, It
take: more work to pump blood through the fibrosed than through the normel lupmg. Re-
cert pethological studies from humsn lungs from cases of astestosis have indicated a
diffuse type of interstitial fidbrosis with & certein emount of ecphycema,

IV - WELT IS THR MAYIM M PZRMISSARLL TUST CCUCINTRATICU? - There appears to be a
wide veriatiozr in the maximum concertrstiion of dust which might be inhaled without
subseguert ‘zjury to workmen. Some dusts (as lead) are detercired by chemical
methods and the concentretions in eir are recorded gravimetricelly as milligrems per
cubic meter. FEowever, the available informetion orn the amount of leed cusi thet is
hermful ané the methods of determining leed are better end more accurate then those
for silica cdust., It is rather well agreed that ar intake of ebovt 1.5 rilligrams of
leac & day, whether this is acguired by breething cdust or by drinking weter that con-
teins lead, is the maxinum allowable guertity. Others (as silica, where size is &
factor in determining dangerous particles), are usuelly given by count., INeither
me<hod tells the whole story, but in both cases it may be possitle to secure the ine-
formetior necessary for the purpose.

The maximum silice dust concentration considered permissible in the air breath-
ed by & workman st any point in the normasl breething zone hes not beer delipitely es-
tatliisned. There ls consideratle cdifference of opirnion regerding the range of per-
ticles that are counted when using the Public Health Service technigue and light
field illumination, BEloomfield of the United States Public Eealth Service end Brown
of the United States Bureau of liines contend that they count particles {ram one mi-
cron and upward. or even 0,7 micron and upward, The Industriel Commission of Wis-
consin and its Advisory Committee, composed of both employers and scientists, howe
ever, agreec in 1932 on & tentetive figure of 15 million countetle particles under
10 microns in longest dimension with free silica content of 35 per cent in a cubic
foot of air as determined by United States Public Health Service technigue. Veria-
tions ir free silice content will meke proportional inverse changes in this standard,
In the case of prectically 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 rreatest damege and form no visibdble
cloud, Dust particles smaller than 0.5 microns in the longest dimension are not
ordinarily countable. Dust particles lerzer than 10 microns in longest dimension do
not ordinarily reach parts of the lung where they can produce injury of a respira-
tory nature. lMost industriel dusts have but few perticles sbove two or three mi-
crons in size, They ere usually sbout 90 to S5 per cent. below two or three microns
end 50 per cent. below about 0,5 to 0.7 microns. An exception to this would be a
dust semple taken close to the point of generation of dust and before the larger
particles had time to settle out of the air,

In South Africe the figure is 1 milligram per cubic meter (or 300 particles
per cubic centimeter, or approximstely 8,5 million per cubic foot.,) Dr, Lanze found
in 1617 in the Joplin, Missouri district that with good engineering practice, &
figure of 1 milligrem per 100 liters of air could be attained, This value atiribut-
ed to Lemze appears teco high in comparison with the South Africer stenderds, As there
'
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are 1,000 liters in & cubic meter, it would indicate that Larza's estimation repre-
sects something of the order of 80 million particles per cubic foot. With good en-
gineering practice, lower concentrations than this can be obteined. In fact the ex-
perience in South 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 FPemnsylvania, found that 50 million particles per cubic foot with
5 per cent. guartz in the coerse cust and 10 million pearticles per cubic foot with

35 per cent. guartz were apparently satisfactory and often were sttained. The figure
of 10-20 millioz particles per cubic foot for grenite dust with 25 per cent. quart:z
content is often guoted from the Vermont granite studies of the United States Public
Zeelth Service, From & consideration of genersl experience, Curznings suggests § milw
lion particles per cubic foot as a threshold for dusts high iz quartz, This ligure
is besed upor a combinztion of South Africa, Australier and hmericen experience but
lacks entirely any publisned ceta in its support.

Accoriing to studies guoted by Fhilip Drirker end Theolore Haickh ir their book
frindustriel Dusts" 10 to 20 milliorn particles per cubic foot bty the impinger sempling
method, light field counting is a reasonatle figure for cemernt anc limestone. Recent
work ty Creessen cornfirms the universelly accepted opinion that dusts high in calcite
azc¢ low in guariz do not produce disabling fibrosis. The threshcld figure of C,15
nilligzre= per cutic meter is giver for lead dust, preswnably litherge and white lead,
or othe: solutle lead saltis,

t should be noted that mary of the dete were not determined as the lNediceal
requirement, but as beirg attaireble in good practice and apparently satisfactory
from & safety standpoirnt, t shovld be further noted that the accepted figures are
only relative due to the indelinite powers of resistance of en individusl which are
an unknown quantity. One individual might resist a proportion of 200 particles per
cutic centimeter, while enother would react umfavorably to 50 particles, The worke-
er's physical condition prior to the exposure is of greet importance, since a young,
heelthy individuel usually can stend a higher concentration or longer exposure before
the first stage of silicosis is developed. EKowever, far greater influence than
paysical condition might be the ability of the nose and respiratory pessages to ar-
rest dust.

Iz <heir report to the National Silicosis Corference the Committee on Pre-
vention of Silicosis threugh liedical Control pointed out that since standards of safe
aimospheric dust concentration, based on medicel findings have beern estatlished for
exly a few industrial dusts, and in view of the fact that comsicerable study and ine
vestigation will be reguired to establish standards for other industrial dusts, some
tentative standerd would be useful. It was also stated that this arbitrery standard
should be based upon what is believed to be within the limjts of good ergineering
practice provided, it will largely control the silicosis hazard for most industrial
exposures. They, therefore, suggest that

"The mazizmum permissible concentration of silice in the air breathed might be
expressed ty the following formule. (Determination of dust concentration
according to technique described by United Stetes Public Health service in
Reprint No. 1520 from Putlic Health Reports. March 18, 1932):

HMultiply the percentage of free silica by the total particle dust
count, Il the result is under 5 million, the condition may be con=
sidered permissible, © the result is over § million, the condition
may be considered too high, Tor example,

10% free silica with mn everage total dust concentration of
30 million particles per cubic foot would give ,10 times

L}
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20 million, which equais 3 million (good practice); 30%, with
aversge totsl dust consentration of 50 million, would egqual
.3 times 50, or 15 million 9 (umsatisfactory).

This formula is not epplicable to eny dust containing less than 5%
free silica,”

Theodore Heteh in his article "Some Fundemental Date or Mechanical Dust Traps" (Tech.
Pub, Ko, §37-A. 60, Amer. Iast, Min. & Met. Emgrs., Aug., 1935) gives these

Safe Dust Concentrations, Impinger Samples;

{(Light Field, Low Power Counts.)

Tind of Dilst Marimum Permissitle Concemtration
Contelzing no Sildca, . . . . . « v ¢ ¢ & . . 50 millions per cubic foot
Contelirning sry small amount of silics,

free cambined. . . . ¢« . 4 v 4 e . . o 30 " " " "
Cozteizing 20 to 40 per cent.
Free Silic& . v v v 4 ¢ v v 4 s 0 4 . W 10 N " " "
-Greater than 40 per cent,
Tree SI15CB o v 4 . v v 4 v e e e . 5 K " " "

(Preferebly es much less as possitle)

Ir. R. R. Sayers, Medical Officer in Charge, Industrial Hygieme and Sanitation, U.S.
Public Eeamlth Service in enswer to a question as to permissible dustiness writes:

"During recent years, it has been custamary to recormend threshold
or permissible dust limits ranging from five to ter million particles per
cublc foot as determined by Public Health Service technigue, especielly
with dust in which the percentage of free silice is above five per cemt,
There is no basis for the application of this criterion to all dusts, but

t 15 generelly considered a safe practice and one which can be attained
in mest industries by exhaust ventilation, wetting, or other methods of
dust control."

As pointed out by Drinker and Hatch ("Industrial Dust" - 1836) it is unfortu-
netely irpossible to evaluate dust exposures with the arithmetical nicety that we
should have liked yet it is commonly olaimed - by leymen - that prolonged exposure to
low concentrations is Just as serious as short exposures to heavy concentrations,.
This cleim 15 oonirary to & fundamental law of physiology. In discussing the sub-
Ject Clark and Drinker ("Industrial Medicine" ~ 1935) remerk that ".....8 sub-thres~
hold stimulue (dust inhalation) for & long time produces mo reaction whereas & relaw-
tively trief super~threshold stimulus may cause & reaction", If workers are exposed
to sudden heevy concentrations, the threshold values suggesied previously would be
correspondingly lowered., EHowever, most threshold values are weighed -- an average
of the ranges,

V - HOW MAY THE CONCENTRATION AND CHARACTER OF INDUSTRIAL DUSTS BE DETERMINED?
The properties of & dust which determine its harmfulness have been shown to be its
composition, concentration (the quantity suspended in the industrial stmosphere), and
its particle size, The methods used for the determination of the concentration and
character of industrial dusts very from & routine dust count for the purpose of
evaluating the efficiency of dust control methods to a detailed study of both the
cozceniretion and the character of the dust in conmnection with medical and engineerw
ing surveys,
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The Impinger Apparetus developed at the United States Bureau of Mines,
Pittsburgh Experiment Station by George Smith and Leonard Greenburg, (Described in
Reprint No.1528 fram the Public Health Reports Vol.47, No.1l2, lMarch 18, 1932 pp.
654-675) has been employed for more than 13 years as & standard instrument for dust
studies, Ir this apparetus samples of air are drawn into an impinger tube mnd flask
where the dust particles are thrown or impinged on a prepared wetted glass collectw
ing plate. The rate of air flow is fixed at ome cubic foot per minute while the
duration of the sampling period is dependenmt upon the dust concentration, The air
passes through an orifice in the bottom of the impinger tube and strikes glass col-
lecting plate which is submerged in 3 cm. depth of distilled water or some other
fluid with satisfactory wetting properties, (If water is usec es the fluid in the
impinger, silica particles are dissolved--hence not aveileble for counting -- wmless
the laboratorr (courntirg) work is done withir a few hours of teking the semple, )
This affords the means for accurastely determining the quantity and size of the par-
ticles. The licuid is then thoroughly shaken <o obtair a uniform distribution of
the particles; filtered to remove those over 40 microns in size and egain agitated,
Samples of approximstely 1 ce, are teken by mears of & pipette and placed in Sedg-
wick-Rafter counting cells. The use of a suitable microscope equipped with a Whipple
micrometer disc to aid in countirg. will permit the determinstion of the nuwmber of
perticles in one quarter of the microscopic field, From this figure, the mumbder of
perticles of dust in 1 cw ft. can be calculated. One speciel advantage of this ap-
paratus is the fact that analysis of the sample can be determined by counting, by
weighing or by chemicel analysis. The impinger method is neither simple nor extreme-
ly complex; however, reliable results can be obtesined only by well trained, compe-
tert and experienced investigetors., However, owing to the wide use of the impinger
in previous investigations thet have been correlated with the pathological findings,
ar impinger should be used for any investigation which is to include pathologicel
findings or where the results are to be introduced as evidence in court. Some state
codes on cus®t control recognize the impinger method, The Urnited 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 drewbacks, This
midzet impinger will soon be available and will grestly simplify both sampling end
counting,

Other devices are also available for sampling of dust over a continuous period,
rzamely, the electric precipitator, the paper thimble, the electrostatic precipitator,
end the hot wire thermel precipitator. The English are working on a dust sampling
instrument which precipitates the dust from the air by thermal means ("Physicel
Yethods for the Estimation of the Dust Hazards in Industry", by E l. Green and
E. E Watson, Privy Council, Medical Research Council, Special Series No., 199, His
Majesty's Stationery Office, London, (1935)), The U,S. Bureau of Mines has been us-
ing an electric precipitetor similar to those described by Drimker ("Altermating
Current Precipitator for Sanitary Air Analysis; I - An Inexpensive Precipitator Unit"
ty P. Drinker, Jour., Ind. Hyg., Vol. 14, 1932, p,364) for collecting semples of the
test suspensions used in testing mecharical filter respirators for permissibility,

A number of instrvments are available for mekirg dust determinations for con-
trol purposes. Among these is the Konimeter which cells 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 Zelss Konimeter consists
of & microscope which gives & magnification of 200X, an air pump, a dust filter to
remove very coarse dust particles, a semple disc and & micrometer ruled in square
millimeters. The air pump drives a measured quantity of air against the sample disc
which is covered with a sticky substance (glycerine jelly). This sample forms a dust
spot which can be examined under the microscope for a general idea of the nature of
the dust and the relative quantities presemt, or for an actual measure, a "dust count",
wnich shows how many dust perticles are present in one cubic centimeter or in one
litre of the air samples exemined, The Konimeter has been used very widely in

'
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South Africe (Final Report of the Miners! Phthisis Prevention Committee, Johannes-
burg, 1918, p.10) and also in Ceneda. The U.S,Bureeu of lMines has also used it in
some of its dust studies. In discussing the value of the Konimeter in their recext
book "Industrial Dust" (McGraw~Hill Book Co., New York and London - 1936) Philip
Drinker ané Theodore Hatch of the Harvard School of Public Health write:

"It is the most compact mnd simple sempling device, Space is
provided for thirty semples on & single disc and no auxiliery
source of power is required for its operation. Crabd semples
can be collected with speed and the fluctuetions in dustiness
end the development of dust floods cen be reverled in a way
that is impossitle with more cumbersome apparatus. South
Lfricen experience involving the collection of thousends of
saxples has shown thet the ficure of merit givern ty the Koniw
meter is directly related to the smount of pnthisis - produc-~
ing dust in the air, It 1s g velusble routine sempling in-
strumert but beceuse of its low and selective efficiency, the
counts reported are probetly considerebly below the true level
and they are not easily compered with deta obtsined in
Englend, for example, with the Owens epperetus, or ir the
United States with the impinger,"

Experience has shown thet contrery to Drinker's stetement, the Konimeter if
properly used, will give results that agree very well with those obteined by the use
of =<he Inrvinger. The U.S, Bureau of lMines Experiment Station at Pittsburgh in making
some comparative studies with the Konimeter and the Impinger found thet an average of
five Tonimeter determinations was within ebout two per cent, of one impinger determi-
zetior, The reason for taking arn everage of individuel results obtained by the Koni-
meter, for comparison with those of the Impinger, is due to the fact that the Koni-
meter tekes an instantaneous grab sample of smell volumes and owing to the hetrogene-
ous neature of dust in air grad samples do not represent the average conditions., The
Izpinger takes & 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 obtairn average conditions. We have no
correlating information of the Konimeter with the 20 to 30 micron porcelain filter
ageinst the standerd impinger method.

A Zeiss Yonimeter, 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
size classification was estimeted rather than amccurately measured and computed. Crly
particles ten microns or less in size were counted since it is generally agreed thet
dust particles larger than ten microns in size are not particularly pathogenic.

Other methods in common use ere the Owens jet dust sampler ("Jet Dust Counting
Apperatus™ by J,S.Owens, Jour, Ind.Hyg, ,Vol,14,1932,F,522), which has recently been
manufactured in this country and the photogrephic dust counter, developed by Ficklen
end Ott. The Owens jet dust counter is used in this country to collect samples for

perticle size distribution determinetions, It is used principally in Australie for
determination of number concentration of atmogpheric dust of industrial hygienic im-

portance,

The latest device for determining dust concentrations is the Bausch & Lombd
Dust Counter which was placed on the merket a few months egoe. This instrument con-
sists ol a dark-field microscope magnifying 200X, and ar impinging epparetus mounted
er & common base, The base is a hollow chamber with the bottom hinged to provide
eecy access to the dark field condenser and a circular glass specimen slide, Ry rmeans

of & rend pump, which is part of the impinging dgvice, & sample of eir is crawn
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through e moistening chamber which has at its lower end a nerrow slit. The dust is
deposited through this slit on to the circular specimen slide in the form of a ribbon.
The slide can be rotated until the sample comes into proper position for viewing with
the microscope, or a meximum 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 determiration but reather as en inexpensive device for
reughly checking dust conditioms. It has not been available long encugh for athorough
test in actual practice.

The prizcipel objection to imstruments like the Bausch & Lamb Dust Counter and
the Owens jet dust sampler for determining numnber concentration is that their dust
collecting efficiency decreases with an incresse in the atmospheric dust concentra-
tiorn and the fact that they take grab samples,

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

ezough to gain entrance to the lungs, very little ettention need be given to determirna-
tions of the exact sices of particles.
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PART II - DUST PRODUCING OPERATIONS STUDIED

WEAT ART TEC FRINCIPAL DUST PRODUCING OPZRATIONS? - In order to determine to
what extent if any, workers in the production of petroleum products and associated
activities are exposed to the hazard of breathing dust, e survey of all dust produc
ing operstioms was made at the variocus plants corcermed. These operations, listed

in order of their apparent degree ol dustiness, are:
1. SAND - BLASTING

Due to the large mmourt of finely divided silice dust produced by the impaect
of the zreins of send on the surface of the object deing cleened, sand-tlasting is
tre most dexgerous silicosis hezard encountered in our survey, Sand-blesting is
used reiher extensively mt o0il refEmeries for cleening inside sogking drums, bubzle
towers, ter separators, run-down pens and storage tanks for metsl inspectiox end to
permit the epplication of gurite lining as e means of preventing corrosion. Heeder
boxes or other similer pearts, tubes in cracking coil fire boxes end return bends
gere send-Tlested to permit a deteiled and fhorough examinstion fer crecks and de-
fects, end-blasting is also employed in the removael of corrosion roz under float-

ing roof <enks; for removing roughness or rust from steel shapes or roés; for cleen-
inz bell ceps, burtle pletes, trays, and pipe prior to putting them back in service;
alsc on the ends ol tubes preperetory to placing them for rolling; and for cleaning
cestings wiich ere too lerge or fregile to withstand being tu=tled. It has been
used, to &z lizited extent for cleaning buildings and rendering window glass opaque.

Tre creckirng coil tubes, pipe, bell caps, trays, heeder-boxes ené similar ob-
jects ere usuelly sardblasted out-doors in the open &ir or in & more or less open
shed, bot: locetions being vs far removed as feasible from any shops, process units
or other working pleces, Coarse river send is discharged through a one-half tothree-
querter inch pozzle with compressed air under & pressure of 30 to 90 pounds per
square inch. The men at the nozzles stend to the windward side of their work end
weer & "Healthguard" (Chicago Eye Shield Company) mask, a Sly Sand Blast Helmet or a
Fresh Air Hose liask covered with a canves hood. The men at the Sand Slast Machines
wear "Dust Sefe" goggles and a M.S.A,"Comfo" Respirator. The Mine Safety Appliances
Company now has & sand-blast hood that is meeting with consideradle approval by in-
dustry end elso by the United States Navy Department. A dlower is aveileble for
supplyizg air to these hoods that cleans tne air, This same blower cen be used in
connection with air-line respirators,

Whern send-blasting is done inside of drums heving more than one opening, such
as soaking crums, an eir siphon is placed in the lower manhole which draws out the
dus< and ellows & continuous circulation of fresh air through the drum. In drums
where the siphon cannot be used, the air circulation is poor ané 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 alsc wear an approved sand-blast helmet.

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

"Iz rust be borme in mind that silicosis is & cumuletive disesse and,
trherefore, <he rotetion ol men in this tyvpe of’work cennot be censidered
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as entirely preventive, Assuming that = man works in an atmosphere of sil-
jca dust for several months, during whichtime he is bound to absort a cer-
tein amount of the dust which produces permenent demage in his lungs; he

is then removed and the possibilities are that the damage which is already
done will be sufficient to conitinue on eniprogress 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
fecing the possibility of, in leter years, developing e large number of
ceses of & moderate silicosis with some permenent disebility. The only
sefe expedient which can be used 1s camplete prevention and this cen only
be dome by eliminmting the dust.”

During our survey we found that mern exgeged in sard-tlastirg, that is handling
+re nczzle or attendirng the sand-blast machine, were more or less properly protecied
while actuelly doing the work but often times they removed their protective equip-
ment befare getiing completely away f{rom the working aree,

A large amount of very small particles is produced by send-tlasting, In ar
enelysis of dust samples collected both outdoors end indeoors durirg sand-tlasting,
the following distribution (Public Health Bulletin No. 217 = p,52) on & size fro-
guency basis wes founde

Size Grouv in Microns Per Cent of Total
0,00 = 0ed88.icieiricnenntrennreanacnnae 1.4
2,50 = 0.88c.iiiiniiininiaenannns 18.7
1,00 = Le48i.iceeciocitentnscerannnns . 34.7
T - 20, 2
2.00 = 2ued8iiiierericranrnsnssraeinnns 2.6
2.50 - 2.9%............ teseeetostecans 5.2
3.00 = 3u48.ciiiiiiiiiiniaiian cevenns 2.8
3,50 = 3.98..iiiiinienenniion. cresenes 1.6
4,00 = 4u40..iciiiieriaiiiiransinaaes L1
4,80 = 4.88.....iiiiireiiiincnnna sees 0.2
§.00 - 5.49....... ceteseiaiaaaeas ceve 0.2
5,80 = 8.88..i.iiiriensenrsiienanseaana 0.2

Wnile it has been estirated thet free silice dust particles, 1 micron in diameter, re-
gquire 8 hours to fall 6 fft. in still eir; particles 5§ microns in diameter reguire

less than } hour to fall the same distance. Concidering this fact, it is apparent
that the dust hezard from a particular operation may, even though cerried 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 a hazard exists.

Fortunately most of the outside sand-tlasting is done in more or less isolated
locetions which makes it rather improbable that there will be any unsafe silica dust
exposure to other workmen. However, should it became necessary for any work to be
done in the vicinity of sand-blasting operations either on process units or the sand-
tlaest sheds or yards, it should be remembered that there may be silica dust in the
air even though it can not be seen., Dust counts es high as 5,344,160 particles ten
ricrons or less per cutic foot were found in samples taken about 50 feet "downwind"
(wind blowing sbout 15 to 20 miles per hour) while sand-blasting cracking coil tubes;
ebout 957 of these dust particles appeared angular crystalline wnder the Konimeter
microscope and were atout five microns or less in size. Samples taken about 100 feet
"downwind" from send-tlasting opere<ion had counts as high as 1,812,480 particles per

. =]
cutic foot, .
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Duzt counts as high as 13,933,440 and as low as 452,120 particles per cutic
foot were found in samples teken during the filling of the Send Blast Machine feed
hoppers. The high counts were found whern sand was shovelled inmto =& small circular
screen and shaken by hand, the lower counts, when the sand was simply shovelled in-
to the hopper. The eversze dust produced by filling or charging the Sand-Blasting
lach.ines vas 4,950,316 particles, ten micrens or less, per cutic foot.

Dust counts as high as 4,984,320 perticles, ten microns or less, were fornd in
sarples teker inside a Send-Blasting Room while cleening castings. The average dust
in this room during sand-tlasting wes 3,873,625 particles per cublc foot. About BOY
of these particles were angular crystalline three microns or less in sire and ebout
207 eppeered rounded, quartz-like crystals abovt ten micronms in size. There were &
few rust-like sceles over tern microns in size and a very large number of rinute derk
retellic particles too smell to te counted eccuretely, The dustiness ol this opera-
ticr could be greetly recuced by the use of steel abresives exciusively,

£11 of the samples for dust counts referred to ehove were teken et feace level
inity of workmer,

6,000,0C0 dust particles per cutic foot 1s the tentetive maximum esllowetle
lizit of dus% perticles conteining free silica of & size less then 10 microns recon-
nendecd for sand-tlasting,

11 - FILTERING OPERATIONS

The process of filtering is extensively used in the refining of petroleum
products to improve the color stebility end to remove impurities fram motor lubri-
cents eancé pareffire wazes, The three materials most commonly used for this purpose
are Filter Cley or Fullers Iarth, Cortect Clay end Bome Bleck. Considerable dust is
producecd bty the handling, charging and reconditioning of these materials.

L - TILCER CLAY C2 FULLERS EARTH:

Whet is Filter Clay or Fullers Earth? Filter clay cannct be identified fram
chemical composition but consists of silice, elurina, iron and alkaline earths in
varying percentages, The distinguishing properties are lack of plasticity end the
power to remove color frow oils, There are numerous deposits of this clay and other
Tiltering earths in the United States; the oldest end among the most extensive are
those found clese to the Florida-Georgis line., One of these, at Attapulgus, Georgie,
supplies & mejor portion of the clay used by the affiliated Starderd Cil Campany
(Wew Jersey) organizations., At the mine this material contains on en average approxi-
mately 327 silice and 45% moisture, The everege composition after being processed
enc prepared for shipment is epproximately: )

Si00.ceaaevecevasassasenssesss B7.46 per cent
AloGCz....... ereesassess.seess 10,08 " T
Fe2030eveiiooececnnoonsecsnnces 2.49 " "
MEZO: v eeavenunerenneeaenanenses 4,09 " W
Corbined MoistUre.ieceveacesons 5,61 " "
Free Moistureis.eeenveeccennae 6.28 " "

The comparatively low dust counts found even in places where there was cleaning and
Eweeping is no doubt due to the fact that this filter clay is of & rather coerse na-
ture and without epprecistle emount of fines.

There appears to be a wide veriatior in the composition end free silica con-
tent of filter clays used in Europeen refineries, "Terrana" e German Filter clay
used in Folendé shows:

'

Ex¥001505



~16- !

Lose in calcinstioni.secsvecesess 64,05 per cent
Free Silice (Si02)ev.vvsvvrensns 83,27 7 "
Alo0z and Feo0me e enonnnn. ceeees 8,27 " "

The filter claey used in Roumaria is reported as having 60.4 per cent. free
silice or 75.3% total silicetes, "Granosil" clay used in Belgium conieins 8 total
percentage of 73-1/2 per cert, of silicates expressed as SiO2. The percentage of [ree
silica was not determined,

Eow is Filter Cley Mined and Prepared? - The deposit varies from 2 to 12 feet
1n thickzess, protably averaging about 7 feet. There is an overburden of about IP
feet which is removed by an electrically operated drag line or & steam shovel., The
cley is loeded into small cars, trensportec to the wet cley shed where it is dimped
on to the drying floor and dried for three deys. It is then picked up by orenge peel
tuckets, loaded into portabtle distributors and delivered to belt conveyors wnichdis-
charge the earth into roller crushers where it is reduced to sizes up to & maximm of
+wo inches, From these crushers the clay goes to secondary crushers where it is re-
duced to a maximm of one inch, Since the clay is more or less cdamp very little
dust is produced. The clay is then trersferred to tandem oil-fired rotary dryers,

50 to 60 feet lonfp and six to seven feet in dlemeter. In the 2C minutes reguired

for the clay to pass through the dryers the volatile and moisture content is reduced
40 to 50 per cent. to & maximum of 15 per cent. The average dusi ten microns or
less in size in samples taken at various points around the dryers end 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 fens pleced over the discharge points to
the cozveyors or elevators, About B5% of these dust particles were arguler crystal-
line in appearance under the Konimeter microscope and about five microns or less in
size; mbout 15% were over ten microns in size, The larger perticles hed rough edges
ard appeared to contain several small air dbubbles, The cley is removed from the
dryers to hot rock cooling tarks, then to a vibrating screen. The oversize is next
pulverized in a roller mill and the product conveyed to & sifter. An exhaust system
for *he mills and elevetors has been installed, This process mey be repeeted until
the desired size materisl has been obltained and graded to standard mesh sizes, the
tetter known of which are 15-30, 30-80, 60-50, and the 200 mesh. The 60-9C grade is
protably the mos* cormonly used in the petrolewr industry when decoloring by percola
tion, and the 200 when contacting. However, the 30-60 is preferred by most of our
refining units iz the United States. The size selected is apparently cdetermined
largely by the type of reburning equipment,

Screen tests are made hourly to lnsure that the sizes are within the specifi-
cations., KHere'are two typlcal screen analyses:

30 - 60 GRADE FILTER CLAY

Mesh Per Cent.
O7er 30 tiiviinererertonnnnannnns “ee 9.7
B0 = 40, ......ieienerinenenronanasn 47,5
40 - 60........ it tirecr e ees 40,3
60 = Blivsiieesrecrconaneans crecaa 1.5

Thru 82 avcuvuirivrrivenncrorrrnananas 1.0

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

liesh Per Cent.
Over 87 ...vivnen Cestrecatenressvane 0.6
e L ceesnas 22. 7
17 = 200,......00.... e cesesaa 8.0
Thru 200..... . 68,7
Total 100, 0

There is very little dust produced by the sifting operation. All of the con-
nections are desipned to de dust tight but there is some lealmge. Samples of air
teker g% verious points around the sifters while in operstion hel en averege of
2,208,860 dust perticles less than ten microns per cubic feoot. About 85% of these
dust particles were sligitly anguler crystelline in appearance and five microns or
lesc ir size; about 155 were slightly rownded semi-opaque ter microns or over in size.
The lerger particles had small cracks or fissures end several small eir bubtbles,

liez spené about two hours a dey cleaning, repairing or replacing silk screens
ir, the sifters., Semples taken during this operation contained an average of
2,039,040 dust particles less thar ten microms per cubic foot. About 97% of these
dust particles were angular crystalline in appearsnce and five microns or less in
size; about 3 were opmgue over five microns in size,

Llfter being sifted and graded the clsy is ready for shipment. The 30-60 mesh
grede is olaced in burlap bags holding 128 poumds and loaded into railroad box cers;
ebout 400 bags to e car on an average., Dust counts of samples teken during the fill-
ing of the bags with the 30-60 mesh grade show that there are fram 7,889,760 to
9,969,640 dust particles less than ten microns per cubic foot which indicates that
81l men enzaged in bagging and handling bags in tHis area should wear approved respi-
retors such as the "M, S,A.Comfo". About 80% of the dust particles in samples taken
during the filling enc hexndling of the begs appear slightly anguler crystelline under
the microscope and are five microns or less in size; 205 are rouwnded crystalline, ten
microns or over in size,

Bulk Loading of railroad box cars with the 30-60 mesh grade produces clouds of
dust, but & mejor portion of this dust is apparently larger than 30 microms in size
es semples taken during this bulk loading had an average of only 6,853,440 particles,
ten micrcns or less in size per cubic foot.

The Fines (100-up) grade is put imto 12B-pound cottor bags. Dust counts in
serples teken during this operation showed that there were from 4,644,480 tol4,216,640
dust particles less than ten microns per cubic foot in the sir being breathed by the
fillers, weighers, sewers and truckers. About 80% of these particles were rounded,
semi-opague crystalline in appearance wmnder the Konimeter microscope and five microns
or less in size; 20% were semi-opaque crystalline fraom about seven to fifteen microns

in size. There were also a large number of very small particles about ane micron or
less in size,

How is Filter Clay Used? - Upon arrival at the refinery, the bags of clay are
removed from the box cars by a crew of men ususlly from the General Labor Department;
the job being rotated so that the same men do not do this particuler operation more
then perhaps twelve hours twice a year on an average, Goggles and "M S,A. Comfo"
respirators eare zenerally provided. The clay is either trucked or dragged to an
elevetor or conveyor hopper and dumped and the bags are piled for storage. At peints
wrere the clayr is received iz bulk, it is unloeded by a large wooder scoop pulled by
& notor driven crerc-line. Unloamding, hendling, and dumping the clay is cne of the

'

EM001507



-18-

dustiest parts of the filtering operation. The amount of dust produced is of course
dependent on how the work is done, the ventilation provided, and the care used by the
men doing the job. EHere ere some average dust counts of particles less than ten mi-
crons in semples teken during the unloading of bags of 30-60 mesh Attapulgus clay

Particles Per
Cubic Foot

Unlosding end dumpirng bags (128 1lbs, ) into Hopper &t a

Southern Refinery......ccviivenerennnns . 5,403,456
Durping clay from Begs irnto Elevator Hopper at e

Northern Refinery...... Cede e .o 2,237,280
Eeniling begs from Storage and Durping into Elevetor Hopper

at enother Northern Refinery.......... e 758,150
Incide Bor Cer During Unloadlng.................................... 1,110,144
Cutsicde ! " " N trestaisiaaa 372,924

In Filter House Passageway being used to Truck Clay to

Elevator NODPPer...ivierevcvecacennconons 339,840
Average Dust Produced while sweepirng up inside car after

WNL0BAIoE cvvenirevirnsncesonranonsosans 651,360

Apparently unloading clay in the bulk is less dusty then handling and dumping
of the cley in bags. Samples taken during the umloading of bulk clay gave these
average counts of dust under ten microms in size:

Inside car during unloadlng cseccracarescessss 962,880 particles percublc foot
Qu-side " f et atece et .. 62..,040 "

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

Lfter dumping, the new cley is tekez by elevators mxnd conveyors to storage
bins which hold about 20 toms emch. This is also = dusty operation due to the failure
to cover the storege bins or to place hoods over the junction points of elevetors and
belt comveyors. Samples taken during the filling of storage bins with new clay had
these average dust counts of particles less than 10 microns in size:

Lust over Birs around elevetors and conveyors during
£illing at & Northern Refimery.......... 1,910,432
" " " & Cozveyors while filling at another
Northern Refinery........... A . 4,275,842
" " " & Conveyors while fllllng at &
Southern Refinery.isciceocieecsonsroicvscennonerssens 4,531,200
" Trace Level on YWalkway over Storage Bins Northerm
Refinery while Filling Bin.,...... sressnsirserssscaca ©,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 a siorage bin, About 90% of
these dust particles appeered angular crystalline under the Konimeter microscope and
were five microns or less in size; abouvt 107 were black, opague, manmy scale-like in
appearcnce and ten microns or over in size,

"SURNING" CLAY - From the storage bins the clay is conducted by chutes and/or
conveyors and elevators to gas or oil fired Wedge Burmers or Rotary Burners or Kilns
in which it is "burned" or roasted, and then discharged into reotary coolers where it
is cooled, Vhere all openings, chutes and elevator outlets as well as the ends of
rotery coolers are properly enclosed and an exhaust ducb is placed over the burner,
very little dust (an averege of only 804,160 pa-*ucles ten ricrons or less in size
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per cubic foot) is produced and no respiratory protection is necessary. Three types
of burnmers or kilns are used to recondition filter clay. Average cdust counts of
semples taken during the operation of these burners give a comperison of the smount
of dust (perticles ten microns or less per cubic foot) produced by each:

Total CGenerel
Type _of Furnace Feeding About Furnace Coolers Lvererge

Hermen-Frasch 0il or

Gas Fired......... 2,624,320.... 3,700,480..., 2,732,880..... 2,99C,542
Wedge Ges Fired.......... 5,399,680.... 1,522,45¢,... 2,108,5%C..... 2,355,971
Rotery " T . 2,067,360.... 1,070,04€,..., Z,118,200..... 1,E1E,206

The presert praciice of using e compressed eir hose %o clean up the clay on
the verious floors of the Purnace Eouse et one of the Refineries is periiculerly ob-
jectionetle due %o the excessive dust (12,637,360 particles ten microns or less per
cublc foot) whieh is stirred up.

Lbout 907 of the cdust particles in samples taken during the burning ol Tilter
clay were enpguler transoveren* crystelline in appearance and five nicrens or less in
size; £7 were round opague, ten microos or over and 5% were rounded semi-opague, tex
wmicrons or over in size,

Exposure to cus< produced by burning or reconditicning cley is rether limited,
Usuelly there is ore Tiremar for each shift of eight hours, three srhifis per 24 hours
and e porter for the day shift only. Since one of the porter's mein jobs is %o
"cleen-up” he is exposed more continuously to dust than ere the liremen

CEARGING FILTERS - The cooled, burmed cley (30-60 grede) is conveyed to the
filters by means of elevetors and belt conveyors and charged through chutes fram the
conveycr belt tripper at a rate ol from one and & querter to eight tons per hour,
These vessels hold from seven to fifty toms each., The emount of dust produced during
the cherging operation depends upon the grade of clay beirg hendled, the ‘rete of
charging, the position of the clay on the conveyor belt, the condition of the convey-
or belt, tripper and charging chute; also whether the top manhole of the “ilter 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 Attapulcus
Filter Cley was 3,717,884 perticles ten microns or less in size per cubic foot., The
smownt of dust produced by the charging operation vaeries consideratly st the various
plants as is shown by these avereges:

Refinery Chargine Rete Particles per cubic foot
Beton Rouge 8 tons per hour 4,271,413
Bayway 1-1/4 " v " 2,435,520
Bayonne 3-1/2 " " " 2,242,944
Eagle Works 8 "o " 1,042,976

It is the general belief that the more times & clay has been used end reconditioned,
the less dust 1s produced during its handling. Our study does not confirm this be-
lief as mpplicable to dust produced while charging filters. Averaces of dust counts
in semples taken during this operation were:

# 1 CleByiereoreeroseennnes 2,242,944 particles per cubic foot
- DT «.s 4,604,832 " " " "
£ 10 " ..., e . 2,896,832 " " " "
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According to an analysis of particle size made‘by the Bayonne Latoratory of a
sample of Rew (30-60 grade Attapulgus Clay) No.1l, No.3, end No.8 Wedge clays, the
following 4s the size classification or distribution:

Raw Cley #1 Cley 72 Clay #e Clay
Coarser than
100 mesh 8B, 5% s et 80,45, ... ..s0es 8. 7% e, 98,37
Diemeter of Particles Raw Clay #3 Clay #8  Cley
Millimeters Microns Per Cexn Per Cent Per Cert
.149 to ,074 148 to 74 0, 14355 1. 00750 0. 5415¢
L0746 ", 044 74 "oa4 0, 55085 0. 17186 0, 0844¢
. 024 "_. s 44 " 35 0. 29760 0. 052€¢ 0. 04585
.038 " ,028 25 " 25 0. 21555 0. 03887 0,01603
.025 " ,015 25 " 15 0,17880 0.0172¢ 0. 00847
.01 " ,008 1k " 5 0. 11640 C. 01027 0. 00228
.005 " ,001 5 N 1 0. 00045 0. 00052 0. 00021

Arout 85% of the dust particles in sarples takern during +he charging of #3
clay were slightly anguler in appearance and five microms or less in size; 15% were
rounded seci-opaque, ten microns or over in size. About 755% of the particles in
sazrles teken during the cherging of #1C clay were slightly arguler crystalline, five
ricrozs or less in size; about 20 were over ten microns in size and were semi-oracue
about 5% were round semi-opague teiween five and ten microas in size, 411 of the
larger particles appear to corntaiz small butbles, There are numerous small black
specks ebout one=-guarter micron in size.

Charging of filters is usually done ty one marn per shift for each filter
house, There are three shifts a day, These mez heve an average service of about 20
yeers end work eight hours a shift, nine shifis out of lourteer.

Vertilation is provided in the newer filter houses by eighteen-inch roof ven-
tiletors extending about twelve inches above the roof and alsc by windecws which oc-
cupy about 8077 of the wall space in front of the top of the filzers,

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

=

Times Burned % Free Silica
Raw Clay............ ev.. 6,30
Once......... Ceeeeas cies 880
Three. .....cocvvvirennnn 9. 20
Eight v eierenenannnnn. . 8,30

lersideretle s<esm is usually given off during the dumping which probebtly
'
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explains the smaller dust count (a general average of only 2,518,781 particles ten
microns or less in size per cubic foot) than would be expected, The dustiest part of
the filter dumping operation is sweeping up the floor wumnder the filters after dump-
ing is completed, Samples taken during this sweeping or cleaning up had as high as
16,538,880 particles per cubic foot, although the general average of samples taken
during dumping at the verious refineries was 2,514,816 perticles per cubic foot. About
95% of these dust particles are slightly angular crystalline in appearance under the
Konimeter microscope and are above five microms or less in size; about 5% are rounded
semi-opague over five micrems in size, Occasionally the cley doesn't "rlow" when the
filter is opened and must be started "flowing" by means of en iron bar, This action
ceuses some dust (2,888,640 particles per cubic foot) but not as much as powmding the
bottom and lower sides with a sledge (4,248,000 particles per cubic foot) &s is some-
times done. After the clay hes rum out, the inside of the filter is swept out with e

roam which produces & litile dust (an averege of 792,960 particles per cubic foot),
The filter is then plated up and is ready for recharzing.

The work of dumping filters is done by one men per shift, for each filter
house. These men have an average service of sbout ten years ané work eight hours =
shift, rine shifts out of fourteen, They are exposed to dust less thexz 60 per cent,

f their working time.

Spent cley is used to a limited extent for packing around valves ené fire hy=-
drents to prevent freezing; also for certain other small absorbting job such as on the
warehouse {loors of some of the larger bulk sales plants where lubricating oils ere
treansferred from barrels or drums to smaller containers, or loaded into five gallon
cans from dulk, Most of the spent cley is disposed of, however, by dumping it on
nesrby Compeny property and, to a lesser extent on railroad property near river banks,

Composition of Filter House Alr Bornme Dust: Samples of dust from Attapulgus
Clay, which had settled on the tops “of elevetor housings and on girders over the
storage bins in filter houses, were submitted to the United States Bureau of lMines Ex~
periment Station for petrographic examinetion, Crdinarily positive results are not
obtained in peirograp.ic tests for the identification of minerels in atmospheric dust,
However, the samples submitted were coarse enough to give results in most cases. In
studying the results of the petrographic exeminations it should be borne in mind that
the samples submitted were settled dust, and that they are not representative of the
composition of the dust that would be breathed generally owing to the differential
settllng rates and the ease with which the various minerel constituents can be crushe-
ed to a powder,

"Montmorillenite" ((Mg, Ca) O.Alz 03, 55i Op. nH20 — n=5to08) is the miner-
8l that is charecteristic of manmy types of fullers earth. Not all of the less im-
portant minerals found were fully identified,

Clay dus* from top shell of elevator - Top #2, Herman-Frasch Furnace,

Quartsz - 10% Montmorillonite « 807
Calcite, Microcline and Unidentified - 10%

Dust from accumuletion on girder over clav storege bins - #4 Filter House.

Quartz -« 10% Montmorillonite - 70%
Possibly other clay minerals present, opeque - 20%

Dust from accumulation on girder over clay storage bins - #1 Filter FHouse.

Quartz - Over 1% Montmorillonite « 557
Opegus - 40% Unidentified « 57
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Control of Filter Cley Dust: Dust in & 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, Handlirg a fine light dust producing
meterial, such as filter clay, in a system which includes open belt comveyors is in-
herently a dusty operation, (12,687,360 particles, ten microns or less in size, per
cubie foot)., It is difficult to prevent some dust fram being generated et urloeding
points where the clay falls into chutes or bins, but it can and should be controlled

bty means ol hoods, enclosures, and edequate exhaust systems with effective dust collec=-

tors.

There will elweys be an irreducible minimum of spillage end dust settlement
wnerever dusty meterisl is handled in systems such es exist in most refinery filter
houses, This is en economic waste and increases the difficulty of the dust control
protlem, Unless the present practice of cleaning cdust spilleze by blowing with come
pressed eir is chenged, the necessary periodic cleaning will continue to be a very
dus<ty ang wmheelihful operation even though all preceutions have been taken to pre-
vernt the escepe of dust ‘rom cley handling equipment, A moderan indusiriel vacuur
clearing svstem would do the jot efficiently, without creating eny dust,

Tre principal source of dust in filter buildings is the belt conveyor which is
usuelly locaied at the top of the building. Gusts of wind from the monitor blow the
clay ené dust from the belt, A certain amount of dust is also generated by cley fall-
ing into the <iripper chute (6,060,480 particles per cubic foot) end discherging from
the tripper chute into the chute leading %o the various filters (7,306,580 particles
per cutic foot), This could be considerably reduced by inserting canvas or sheet iron
cormections between the ends of the tripper chutes and the chutes to the filters,
axd by usirng & properly designed belt tripper on the conveyer belt.

Bins for the stormge of filter cley should be closed wiih steel decks havirng
tre smellest possible operings in the form of chutes to receive clay from the convey-
ers, If care were taken not to overflow the bins, the dust ernd spillage could be

-

greazly reduced.

For complete control of dust, an exhaust system equipped with dust collector,
fan, ducts snd hoods should be installed to remove dust from the points of origin,
such as, all unloading points (except moveble trippers) of each belt conveyer in the
building, new clay bins and burned cley bins, One estimate which has been prepared
for such an irstallation calls for an exheust system with & capacity of epproximately
15,000 cutic feet of dust laden eir per minute, and is based on maintaining an ioward
flow of air at openings into hoods and birs at a recommended velocity of 200 feet or
more per minute. In considering dust collectors, it should be borne in mind that the
cyclone type will not remove the fine dust perticles (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 successrul in removing these fine particles.

Under existing conditions at most plants it is elmost impossible to keep the
plants clean, regerdless of how carefully the equipment is operated. However, the in-
stallation of & vecuum system and adequate dust collectors should encourage operaiors
to exercise more care in the operation of equipment end thus cut down the emount of
dust and spillage,

B - CONTACT CLAY:
Mos< contect cleys, particularly in the United States, are acid trested "Ben-

tonite". Bertonite is a nom-refractory clay, a double silicate of iron end aluminum,
derived from the shale of the Fort Benton formation in the upper Missowri valley,

'
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There appears to be a wide variation in the composition end free silica con-
tent of American and European contact or activated clays. "Filtrol" an extensively
used American contact clay is reported to contain about 57% free silica (silieca which
1g insoluble in concentrated hydrochloric seid)., ™Milwhite", ancther extensively
used American contact clay, contains 65% free silica, The contect clays listed are
those most extensively used in Europe:

Insoluble in Insoluble in Concentreted
Concentrated HCL HCL and 5% Nip COz,
"Ivry" Clay (Frenmch)........ 78e0%..n. .. e . 64.6%
"Terrana Ixtra" (German).... Bl AT s nnenen .. 27,2%
"Clarit" (Italisn).......... 49, 5% v iiin s §0. 6%

"Tonsil AC", another French contect cley, has 61,75% free silice.
The rmain constituents of "Petrisil", a German contact clay, ere:

Total Silica...... cveeseeens 51.57%
Lime (CaC)ievee.nn. verneeses 0.83%
AMuminum end Iron Oxides,... 18, 82%
Loss on ignition (Water)...., 23.62%

The belence probebly consists of
potassium end sodium oxides,

The following is the result of & petrographic exerzinetion
of "Petrisil" which was mede at the United States Buresu
of lines experiment station:

Quartz...... S 4
Montmorillenite,..evviveue.s 90%
Unidentified Minerals....... 5%

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

At present the price of contact clay is so low that it is used orly 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 included in
our dust studies. : -

What is "Filtrol" end How is it Produced? "Filtrol" is a pulverized acid treat-
ed Bentonite, used as & decolorizer, absorbent and deodorizer in the refining and
preparation of both organic and inorganic oils. It comes from "open cut" mines in
Mississippl and California, and occurs in beds ebout two and one-half feet thick
wder an over-burden of some eighteen to twenty-five feet. There has been some doubt
as to 1ts origin, but it is now believed to have been volecenic dust transported by
the air and deposited under the waters of either a lake or a sea. Raw Bentonite is
mined and loaded onto trucks with steam shovels, and then taken to the preparation
plent. A tractor scoop lifts the raw material from the storage shed floor and places
it in & hopper out of which it is fed into an elevator by means of a steel pan feed-
er. The elevator discharges into & crusher which breeks the material down sufficient-
ly to enatle it to pass through a screen (three meshes to en inch) onto & belt con-
veyer which takes it to a pre-mixer where it is mixed with water to form & "slurry",
Tris slurry is pessed into large wooden tanks and treated with dilute sulphuric acid

t
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agitated with air and steem. 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, cage
end imp mill, and classifier., The finished product is placed in & bin where it ig
put into fifty pound Bates Valve paper begs by meens of a Bates Bag Packer. It is
shipped in railroad box cars, each having & 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 Then 200 - 325 Than
200 mesh) Production 200 Mesh Mesh 325 Mesh
85 - 88 80 14, 0% 16, 0% 70. 0%
75 - BB 15 22, 0% 24, 0% 53, 07
90 - 93 5 8. 0% 22, 0% 6%. 0%

The only reel dust producing operations in the production of Filtrol are the
fi1lizg, stecking and hendling of the fifty pound bags. Saxples of dust taken during
these opera<tions reveeled the following:

Operation Particles per cu fit.
Ave*age dust filling bags with 85-88 grade 10,416,098
" packing roam while filling bags 9,572,180

" " produced in handling of filled bags 5,845,248

in exhaust system has been installed to reduce and control the dust produced
during the packirg of Filtrol. This consists of & metal hood above the filling tubes
in frozmt of *the mechine, with & bacin below. A seven-inech duct leads from the basin

end & six-inch duct to & canopy in back of the packer, both comnecting with a ten-

inch main cduct whioh rums to & Sturtevart Fen (1750 R.P,M. ) designed to handle 1,620
cubic feet of eir per mlnute against four-inch water static pressure. A cyclone dust
collector removes the larger particles from the air before delivering it to a tubular
cloth dust collector.

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

Whet is the Chemicel Composition of "Filtrol"? Below is the result of an an-
alysis by & commercial chemical leboratory in Los Angeles, California, of a sample
of Filtrol from the Jackson (Mississippi) plante

Per Cent,

S31ich (S102)ievesvcesererveresasnacnasne 5690
Aluming (AL203)seeeceecscencannroascases 13,97
Ferric 0xide (Fes02)eiuieiecerosnercerere Llo44
Titaniwn O0xide (Ti02)eeeerirennnreanastos 0. 10
Caleium Oxide (CBO)uerivrvrnvrnnneoscans 2. 82
Magnesium Oxide (Mg0)aeee:eeosvonrosonas 3,55
Mangenese Dioxide (MROo)ivsevvevevennnns -

Carborn Dioxide (CO00)..vevievsresorvasnns -

Potassiwum Oxide (EpC).v.ievrvnveenneanrge 0,03
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Per Cent.
Sodium Oxide (NE20)e.eeueereuuvennnaenss 0. 04
Chlorine (Cl)eeieassvroerrooonscnanasnnns -
Phosphoric Anhydride (P205)ee.ecievennss -
Sulphuric Anhydride (SOz)e..eesvsoenvoes 0.63
Total ignition loss.......cveiiiuauinns 20,00

Free ModstuUre. ces e it i ticnetarvssncanns 12,23

"It is customar: o separately report meterials suck as Silica (5i102)
end Alumine (£1003z) in ultimete enslysis elthough the elements are
knowr o be in combinetion wi*h one mnother, It is difficult to get
ar epalysis of free Silica and since the guentity contained ir Fil-
£rol would be very smell, we have not attempted to have this per-
ticular enelysis made,”

- The following is the result of en enelyzi  of "Super-Filtrol" which wes nede

in Trence:

loisture &t 120 degrees C ............. . 16.5
Loss oz dignitiom.............. e e .. 33.5
Insoluble in comcentrated il .......... 55,0

(Totel Silice and unat<rcked crystals)
Insoluble in BCL and in & 57 NepC03z solution., 15.0
(Siler, gquertz end wmetieckez crysials)

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

Ar examinetion made by the United States Euresu of Mines Ixperiment Station in
Titssburgh, rennsylvanis showed that Filirol conteins more than 1% quertz, 95%
Mortmorillonite ((Mg, Ca) 0.41703-58103-nHoC—-n=5 to 8) end 5% unidentified minerels,
4 similar examinatior of Attapulgus Fines (200 mesh) showed 5% guartz anc 957 Mont-
morillornite,

How is Contect Clay Used? The clay is mixed with oil, egitated and heated, and
either allowed to settle or run through & filter press. It is then discarded. The
cley is either dumped directly into the o0il or pleced in & hopper from which it flows
izto irdislors or mixing chembers where it is mixed with the oil and then pumped to =
filzer <ank, The only dusty operstions ere the unloading of the material and dumping
it into <he hoppers or mixing chambers, The higher dust counts with the contect clay
es compered to Jilter cley is probaebly due to the fact that it is & finer materiasl,
or at least disintegrates more easily then the filter clays studied,

Samples teken during the dumping of Filtrol and Attapulgus Fines into & reaso-
tion charber gaeve the following dust counts.

Cperation Pa~ticles per cu, ft.
Avernge cus“ produced while dumping 5O pound 6,768,480

begs 0f "FAltrol i .cieiiiiiiiieiiiiontiannas

Average dust produced while dumping 100 pound
tacs of "Atienulgus Fizes i .ieiaiiecrirenes ¢,260,640
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Under the ¥onimeter licroscove the particles were rounded in appearance, The "Atta-
pulgus Fires" appeared more crystalline and angular, and had & greester proportion of
vartiples five mierons or less in size then cid the "riltrol”. The coun*s indicete
thet more cust resulis from dumping Attepulgus Fines than from dumping Filtrol acti-
veted cley.

Duuping fifty pound bags of "Milwhite" (20% through 200 mesh), & Texas comtect
clay, into the feed hoppers to the imductors or mixing cherbers is en exceedingly
dusty operatioz. Seamples teken during this operation had as high 2s 14,046,720 par-
ticles ten microns or less in size per cubie foot, Samples teken iz the middle of
the roam just elter *thirty bags had been dumped into the hopper had 55,847,040 par-
ticles per cutie foot, Under the Konimeter Microscope, about 90%: of these particles
wrpeared slichtly crystelline, and were live microns or less ir size; 10% were round,
semi-opegue, ten Lo twenty microns in size. IThere were also & lew scale like par-
ticles,

Tourteen mern with ern averace service credit of six years are involved in this
operetion., Three rmen are exposed to the dust during six hours of eesch eight hour
shif< for nine of “he fourteen shifts curing the B5Z of the fime the filtering plent
is in opere+ticrn. They wear 1L S,4, "Comfo" respirators,

After extezsive study and investigation the local menagement hes mede arrange-
menis to receive the cley in %ank cers similear to those manulectured ty the Cenersl
Americaen Terk Car Compary. These cars are self-urloading ani will discharze into an
enclosed hopper. The cley will then be transported to storaze bins ty means of a
screw convevor comrletely enclosed in ten-inch tubing. It will be withdrawn from the
bottom of the bins, pessing through weighing sceles, into the induztors where it will
be mixed with the o0il, This will provide 2 mompletely closed svstem ancd should
elizivaze all eir comtarinetion.

C - BCXZ 3LACHK CR CHAFRZD BOLE:

Refirned wax is filtered through bone black or charred bone to imrrove its
color, This material is ottained from various meat packing firms in finely woven cof-
fee bags +thet holc about 150 pounds eack. An open belt conveyer and elevator carry
the torne 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 ol bone black., Upcen completion of filtratiom the bone is washed with "Varsol",
steamed for ebtout 24 hours, weshed with hot water, steamed for two hours more, and
then cdumped upon belt conveyers which carry it to tlie reactivating furnece which is
gas fired, The bone goes through the furnace at e temperature of abouvt 1100 degrees
Fahrenheit and et the rate of about 250 pounds per hour., Bore bleck can be used over
and over again, Three men one on each shift, with an average service credit of
filteen years, are engeged in this operation, Their period of exposure to dust is
about one hour per shift. The greatest amount of dust produced results from the open
conveyers, particularly in dumping the material from the furnezce onto the conveyer
belt, Semples taken during +tris operation had as high as 11,044,80C particles of ten
microns or less in size per cubic foot. Consideratle dust (14,272,280 particlec 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 suck back the
dust from where the elevator buckets dump the remctivated bone into the chute to the
charging hopper. The dust loss from this filtering operation is estimated to be about
1500 pounds per morth.

Uader the Konimeter Microccope about 65% of the dust perticles of samples teken
during the reactivation of bone tlack appear to be tlack, opaque, scot-like, and are
fve microns or less in size; 5% are rounded, seni-opecue, tem microns,or more in size.
The ezgular crystallireand 1ight grey particles whichgonstitute ebovt 30% ere prodeltly
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bone agh.

111 - INSULATING OPERATIONS

Insulation plays an importent part in the processing of petroleum products.
The two types of insulating materiel most frequently used are "Sponge Felt" (asbes-
tos with ground sponge to rive dead air space and thus increase the effectiveness
of the insulation) and a mixture of 85% magnesia end 15% asbestos, Rock wool is
used to & corcsiderably lesser degree, In the ordinery camrercial form, Rock Wool,
es used et our refineries, does not present & dust hezerd, It is also used for
house inmsulstion, eand is available in small nodule form which can be blown into
place. "B5% magnesias" is e mixture of magnesim end graruleted asbestos and pressed
into tlocks of verious sires and shapes (usually 16" x 18" x 1-1/2"). The most dust
comes from dismertling old insuletion end grinding scrap meteriel for use es & plas-
ter or "gezister". The average service of men engaged in insulating operations is
abouvt {ifteen yeers, Nost of these men have been transferred from the Common Lebor
Department. They work nine out of fourteen eight-hour shifts, in gengs of from two
to six men, ard are actuslly exposed to dust for less than sixty per cent. of their
working time, Goggles are sometimes provided, and occasiopally MSA "Camfo" Respira~
tors, but this equipment is not used as much as it should be, Generelly speaking,
atout B5% of their work is with sponge felt and 155 with 85% magmesis insulation,
At one of the larger southern refineries about 300,000 square feef of sponge felt and
50,000 sguere feet of B5¥ magnesie are handled a year.

A -~ Vhat Phvsiological Reasctions ere Provoked by Imsuleting Meterials?  According
to Dr. Leroy U. Gerdner (Jourm.Indust.Hyg,Mar.1937,Vol.19, No, 3, P.121) msbestos dust
with 1ts fibrous particles does not seem to be readily handled by the protective
mecherism of the lungs, Quoting from his article:

"They ere mot removed to the lymphoid tissue but remein in contact
with the delicate walls of the eir spaces, They becore surrounded by
en iron-cortaining coating that fractures and gives rise to the pecu-
liar structures known as 'asbestosis bodies!', The fibers are irri=-
tatirg, perhaps because of thelr form, and they excite a fidrosis
which begins about the terminel bronchicles end spreads to form dif-
fuse patches in the parenchyme, Often the distribution 1s sub-pleural,
In the presence of infection, the remction to asbestos dust is much
more severe than that caused by the dus+ alone,"

There is nothing in the pertinent litersture, nor does the Bureau of Mines
know of any evidence, which would demonstraete magnesite (e naturel megnesium carbone-
ate) to be harmful. It would fall in the class of "nuisance dusts" such as gypsum.
Wrile many of the so-called "nuisance dusts" have never been found to be harmful, it
is the opinion of most investipgators in the field of industrial hygieme that no work-
er should be exposed to any dust in & concentration exceeding 75 or 100 millions
of particles per cubie foot of air,

During Such QOperations? There is, of course, & wide variation in the amount of insu-
lation work and the amount of dust produced. A few examples, however, will give a
good general idea:

INSULATING 12" STEAM LINES: 6" x 18" x 1-1/2" bdlocks of 85% meg-
negla ere tied on the stear line with l4=gauge galvarired wire and
covered with roofing paper to make it weterproof, Often times this
work is performed on scaffolds twelve to fifteen feet above the ground,
vwith mer lying on their backs under the line pert of the time,

'
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Considerable dust (as high as 18,124,800 particles of less than ten
microns per cubic foot) results from tapping the blocks into place,
Semples teken during the entire operation had an average concentra-
tion of 6,881,760 particles per cubic foot, About 90% of these dust
particles were slightly angular, crystelline in appearance and asbove
five microns or less in size (as seen umder the Konimeter Microscope);
57 were rownded opaque, ten microns or more in size; end 5% were
opague scale-like, five microns or more in size, Semples taken while
applying asbestos sponge felt to a 12" steam line had & dust concenw
tration as high as 23,788,800 particles of ten microns or less in
size per cudbic foot. The average was 12,574,080 particles per cubic
foot, These dust concenirations are considered too high for work~
ing without adequeste protection.

INSULATING A 750-PCUND CRACKING. COIL ACCUMULATOR: 6" x 36" tlocks
of Jonns~Mexville "Fire Felt" are first epplied and plestered with
extre AL Rubberoid Asbestos Cement and waterproofed with Johns-
Merrrille "Insulkote". The dustiness of handling these materiels has
been consideratly reduced since the manufacturers begen shiprizn: the
"Tire Feli" in cardboaré certons containing thirteen or twenty
tlocks, and the plester in hundred-pound paper bags, Sarples teken
during this operation hed an average dust concentration of 4,502,880
perticles, ten microns or less in size per cubic foot., About 75% of
these dust particles were slightly angular in appearance, five mi-
crons or less in sizey 10% were scale-like; opaque; and 15% were
rod-like and fibrous.

INSTLATING TRUATING PLANT ACID SUCTION LINE: Sections of "Sponge
Felt Pipe Cover" are cut to fit pipe lengths with an ordinary carpen-
terts herd saw. This operation produces on en average 821,280 par=
ticles of dust, ten microns or less in size, per cubic foot. TUnder
the Kornimeter Microscope all of these particles are slightly angular,
crystalline in appearance, and five microns or less in size, The
blocks or sections of the pipe cover are held in plece by wrapping
#16 gauge galvenized wire about each ome,

IVSULATING CRACYING CCIL ECT OIL LINES: All hot oil lines et crack-

irg coils mre insulated with 2" asbestos tubing (B5% megnesia 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 microns or
less in size, per cubic foot., Under the microscope, 90% of these
dust par+icles mppeared 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
averages about 3,379,520 particles per cubic foot. Under the micro-
scope, epproximately B80% or 90% of the dust particles appear crystal-
line, more or less angular, and five microns or less in size; the re=
maining 107 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 & 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 &s high &8
§,290,560 perticles, ten microzs or less in size, per cubic fool. In

'
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dismantling an old cracking coll 4" tar line, the average dust concen-
tration was 2,322,240 particles per cubic foot, In appearance these
particles were clear crystalline, rather rounded, and five microms or
less in size, No fibres were observed in amy of the dust samples from
dismantling operations. After a few weeks or months service, insule-
tien on hot lines dries out and appears to disintegrate. This is prob-
ably due to the fact that such insulation is usually covered with a
weather-proof materisl which prevents absorption of melsture from the

air,

CRUSEING SCRAP ASBESTOS: Serap asbestos insulation, usually the
85% magnesia type, is crushed in & belt-driven Williems crusher to pass
through & screen with one-inch holes or slots, and is then mixed with
new esbestos to make inmsulating plaster. Thls operation, which is a
very dusty ome, is performed by two men, with an average service credit
of sbout twelve years. Goggles snd MSA., "Comfo" or Willscn Dust Respi-
retors are worn. Considerable dust is produced in bresking up the
scrap insulation by hand prior to crushing (10,195,200 particles, ten
microns or less, per cubic foot), and also when feeding the crusher
which 1s done dy shovelling the broken-up pleces into the hopper and
poking them down with a short wooden stick (14,839,680 particles per
cubic foot), Dust counts as high as 27,527,040 particles per cubic
foot were found in samples teken from over the hopper, These dust con-
centrations are dangerously high., About 95% of these particles are
sharply angular, crystalline in appearance and five microns or less in
gize; 5% are opaque scale~like, six microms or more in size, Crushing
scrap asbestos is not a steady routine operation, the exposure verying
from eight hours a month to about twelve hours a week,

CRUSEING COLD CORK INSULATION: This operation is performed approxi-
mately twice & year mnd tekes about twenty or thirty minutes. The in-
sulation is crushed on a belt-driven Williems crusher, by the same men
who crush the scrap asbestos. This crushed cork is used for imsulating
lines in the celd settling plant. The average amount of cdust produced
is 20,016,178 partioles, ten microns or less in size per cutic foot.
About BO% of the particles are glightly anguler, crystelline, in ap-
pearance, and five microps 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

one part (one 94 pound beg) of Portland Cement and two parts (twelve scoop shovels)
of clean sharp send. The sand end cement ere mixed dry, shoveled into the hopper

of & Gunlite machine, using water under about 40~-pounds per square inch pressure and
campressed eir at thirty to ninety pounds per square inch. It is spplied under pres-
sure, as a semi-fluid, against the surfsce to be protected (usually process equipment,
such &5, cracking coil soceking drums end storapge tanks)., In practically every case
where puniting is dene, it follows immediately, after the sand blesting job used to
clean the surace. In most cases, the work is performed by the same crew. The india
vidual holding the gunite nozzle is provided with the same protection as is the
operator of the sand blest nozzle, and the men tending the gunite machines are pro-
vided with respirators end ere required to use them while actually handling the sand
and cement. This involves mixing the materiels and charging them into the machines
(the two dustiest parts of a guniting job)., Samples taken during these operations
showed the following dust counts of particles ten microns or less in sizes

What 1s Gunite snd How is it Applied? = Gunite is a mixture of approximately

t

EMOO1519



=30-

Operation Particles per cw fit,

Screening sand prior tomixing with cement.. 2,493,160
Mixzing batch ...ooviiavenennnaat, eseveeess 1,699,20C
Shoveling mix imto hopper..........ccvvuen, 6,485,280

About 405 of the dust particles in samples taker while mixing the batch and
filling 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 microm 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,
crystalline in eppearence end four microms or less in size.

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

Removel of Gunite Linines; Pneumatic chisels are used to remove gunite lining,
Serples taken from inside & cracking coill ter separator during this operation hed es
high as 16,595,520 particles of dust, ten microns or less in size, per cublc foot,
and an average of 10,804,080 particles per cubic foot, About 75% of these particles
were rowded, angular, more or less opague, ir appearance, ome microm or less in
size, and 25% were angular, quartz-like, about ten microns or less in size, A chemi-
cal analysis of the gunite lining showed that it contained 68,2% free silica, Four
men {rom the Plant Labor Department, with en average service of seven years, spend
about twenty hours per week removing gunite linings from process equipment. An air
syphoz provides ventilation, and the mern are required to use the goggles eand respira-
tors wnich are furnished them,

V - WELDING AND CUTTING OPERATIONS

Welding hes never been considered a dust-producing operation. However, 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 sround refineries. There are a number
of welding Jobs, however, for which oxy-acetylene is used, Oxy-acetylene is also
used for practically all burning or cutting.

A = WELDING QPERATIONS:

1, ELZCTRIC ARC WELDING: Electric arc welding is used on all types of con-
struction and repair work., The average service af the electric welders is
atout two years and most of them came from the Labor Department, heving

been developed into welders at the individual plants. They are exposed to
particulate matter generated by the welding operation on an aversge of six
hours per shift, nine shifts out of fourteen. This particulate matter is
ordinarily referred to as "fumes or smokes"., The particles when found

have 2 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 amy arc welding is dene inside of closed
vessels such as drums or towers,

What are Coas*ed Zlectrodes? Coated electrode§ are metal welding rods covered
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with & composition which prevents oxidation and permits the formation of stronger and
more uniform welds.

Whet Do These Elec<rodes Contain and What Products Result From Their Use? 1In
general, tre costings used in modern coated welding electrodes are patented or trade
secrets, with speciel virtues attributed to each. Obviously, it is inadvisable to
put irto these coatings materials which might produce products harmnful to man,
Nevertheless, chemical analyses of both the coatings end their products indicate that
the continuel use of some of these rods might possibly lead to complicatiamms.

liest of the arc welding at our affiliested plants is dome with #5 Fleetweld
costed elecsrodes which come in two sizes (5/32" and 3/16") and with General Elec-
tric we20 5/32" coeted rods. Cther rods sometimes used are 53¢ Stainweld EasS amlloy
welding rod, 3/3z" Steinweld A rods for steinless steel, and lurex licxel Steel coetw
ed rods. Amecngz the constituents of some of these electrodes coatings ere:

Per Cent.
Costed [Electirode Brand Si02 Fluorine Calciwm Fluoride
"Tleecweld", Lincoln £lectric Co...v.... .. 30,28 - -
"Murex". American lietal & Thermite Co.....28,05 - -
"USS Cr-1"i 18-8", Amer.Steel & Wire Co....37.20 - 14,50
"Stesrweld", Lircoln Electric CoOs.eo......12,101 21,20 43,50
"Rezistel K-A=25", Crucidle Steel Co,.....,24.03 13, 40 present

A1l of the above coatings also contain Ireon Oxide (Fep0O3) Mengenese Oxide,
either I'mo0z or MmO or both, and Aluminum Oxide (A120z), in verying per=
ceztages,

The composition of the fluxes or coatings used in G & E types W-20, W-22 and
w-22 is not svailaeble, but it is known thet they contain amoumts of free silicates
end free silice, According to determinations mede by the General Electric Company,
the meximum concentretion of free silica on any of their elecirodes wnder a particular
set of conditions is 1,575,000 particles per cubic foot of air with W=-20, 778,000
with w-22, and 1,093,000 with W-23 under other conditions the concentrations might be
higher or lower then those given. The maximur permissible concentretion as listed
by <the letropclitan Life Insurance Company is 7,000,000 particles per cubic foot of
gir,

Coetings alsc contain cotton fiber, cellulose, or other organic pulp which
crcates Tunmes, but since we are only concerned with dust in this study all fume pro-

ducing materizls will receive no further consideration, -

t'elding corrosion-resisting steel with coated corrosion-resisting steel elec-
trodes forms a slag, among the major constituents of which are:

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

Fluorine (F)oiveenveeesornscecvacncees 11ed%euuices 606Fvanceenesslded?
Silica (Si02)eeurecevernacocssavnconee 25.1% c0iieaead805%suueaneesaelBeld
Iron, Chromium and llengenese OxideS..s 22,37 . veveee24eC%eernesseos15a2%
Caleium Cxide (CBO).vvevvuvoenonenenee 500 T erneeeeBi0% voeuenanaelBe T

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
pletes with coated corrosion-resisting steel welding rods are:
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"Stainweld"  USS CR-11 18-8 "Rezistal"

Silich (S50 Jevevvevenrenneersanaoss 1L 0% cvevvses 19.6% ovveeess 10,0%

Calcium Fluoride (CaF Jeuvseevereeees 40.5% cvvnnnes 11,47 sunvauns 22,47
Oxides of Iron, Aluminum and Nickel. 3Ce2% ..veeens 52,154 cuvvnuas 36,63

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

B e Bare Electrodes Coe~ed Elec*trodes
Tesd % In0 | % Feplz % ZnC % Feplz

- "Fleetweld" 79,72 20,0 67,5 21. %
"Wilson" 62.6 €60, 5 784 8 2..5
"Murex” 60. & 40.0 72, C 268.0

Investigations have shown thet there mey be as much as e five per cent. veria-
tion in composition of dust produced by the same make and kind of electrode when used
under constant conditions but by different operetors,

Ferric oxide (Fe®3) which ememates ‘rom all welding ercs, regaréless of the
type of coating, 1s disagreeatble but not harmful, Concentrations of iron oxide of about
ter milligrams per cubic meter are seid to be entirely non-injurious to the respira-
tory organs.

Ereat:ing the dense cloucs of fumes of zinc oxide, formed when the zinc of the
galvenized coating is boiled off by the heet of the welding arc, causes what is cam—
mozly known as "fume fever”. This is evidenced by nsuseam followed by chills and un-
pleasant fever, The fume fever does no lasting harm except after prolonged exposure,
end <he effects ere not cumulative, Ordinery ventilation. which is necessary in any
welding operation, is considered adequate to prevent fume fever,

What Is The Amount 4nd What Are The Charscteristics of Dust Produced By The
Verious flectric Arc Weldire Cperetions? There is a wide variation inthe amount end
character of dust produced by different types of rods on different meterials under

ifferent operating conditions

FOME, OR DUST PRODUCED EY ARC WELDING

Material Being | Electrode | Size of Particles Cheracteristics of Dust
Welded Used Electrode {Per cu, ft, | Particles, (Sizes and Per-
centages Estimated)
Rivets inside | G=E W=20 5/32" 20,080,560 | About 98% angular crystal-
Cross Coil Coated line, 5 microns or less in
Drum, size; 2% rounded semi-opaque,
10 micrors or more in sizsz,
Mild Steel G=E W=20 5/52" 14,839,680 | About 807% rownd black or red-
Blanks Inside | Coated dish brovm specks, 1 microns or
Bopth, less in size; 20% slightly angu-

lar crystalline, 10 microns or
less but mostly about Smicrons
end laerge number reddish brown
specks too small end numerous
tc cowmnt,
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FTE OR DUST PRODUCED BY ARC WELDING (Continued)

Particles [

liaterial Being | Electrode | Size of Characteristics of Dust
velded Used Zlectrode | Per cu. ft. Farticles, (Sizes and Per-
centages Estimated)
1/4" Zoiler 5 Tleeta 5/32" 11,441,280 About BOZengular crystalline,
Tlate Inside weld 3 micronsor less in size;
TSocth, Coated 10% round seri-opeaue, 10
microns or more in size; 10%
opaque scale like, 10 miw
crons or less in size. Counte-
less number of minute per-
ticles, reddish brownsmudge.
1—1/—;" Silg =5 Tleele~, 3/16" {19,561,793 About 957 anpular crystale-
teel Ixpen- weld line, 3 microns or less in
sion Joint In- | Coeted size; 5% rownded semi~opegue,
side SooTin 10 microns or less. Counb~
less number of particles
redéish brown smudge.
1/2" Rolled =5 Tleet- 2/16" 2,263,600 | All perticles 5§ microns or
Steel weld less in size; about 10i
(55,000= per Coeted engular semi-opague,
sg, im, Tensile
streagth) In-
sicde 6+-o0t
Zie, drum pear
hemd of close:l
end.
Welding Tlenge | liurex 3/32" 2,756,480 All particles 2 microns or
on &" Steel Coated less in size; slightly
Line Pipe, In- angular, glass-like; dark
side Eooin, grey smudge,
5/8" Soiler #5 Tleet- 5/32" 430,880 About 75% round, metallic
~late Inside weld opague, 5 microns in size;
Zoctl. Coated 25% semi~opaque, crystela
line, Countles: number of
minute particles h
Welding Zive =5 Fleet- 5/32" 6,456,960 Anot 0% sherply angular
ets in weld crystalline, about 1 micron
Courtney Zdze | Coated or less in size; 10%

Inside Cruck-
ing Ceil
Seaking urum,

rounded semi-opagque, & mi-
crons or more, Countless
number of minute particles.
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FIIE OR DUST PRODUTED BY ARC WELDING (Comtinued)

Material Being | Flectrode | Size of Particles Charecteristics of Dust
Welded Used Electrode | Per cu, fi, Particles, (Sizes and Per-

centages Estimated)

18-8 Steinless | Steinweld 5/32" 842,600 About 60% slightly angular

Steel Band st A semi-opague, Sicrons or

Top of Scaking | Coated less irn size; 20% rounded,

Dz Manhead over 10 microns; 20%
very gless-like, 10 mi-
crons or less,

1/2" Boiler G=E W20 3/i6™ | 27,222,400 | About 80% semi-opague, red-

Plate to €" Coated dish trownrownded, crystel-

Pipe Imside line, S microns or less; 2075

Bootr. round globules of metal 5
microns ormore in size,
Couctless number of srell
particles,

1/2" Boiler Roebling 5/32" | 26,592,480 About 90% tleck opsgue, 1

Flate to €" Iron micronor less in size; 5%

Pipe Inside Rod roundecd metallic glodbular,

Booth. 5 micromns or less; 5%slight-
ly angular, sermi-opague,
crystalline, 3 microns or
less, Countless number red-
dish brown particles.’

Back Welding Fleetweld 5/32" 362,496 About 85% black opague

e Flange on #17 metallic, 2 microns or

8" Steandard Coated less; 5% angularcrystalline,

Pipe in Out- 5 microns or less. Count-

side Welding less number of reddish

Sr.op. brown particles.

Back Welding Fleetweld 5/32" 1,000,640 About S5% black opagque

e Flange on #7 metallic, 2 microns or

6" Standard Coated lesc; 5% anular crysta-

Pipe Imside 1line, Smicrons or less.

Bootk, Countless number of
bleck particles.

Welding Riv= Fleetweld 5/32" 6,253,056 About 95% anguler crystal-

ets Inside #7 line, Smicrons or less,

Cracking Coated mostly around 2 microns ;5%

Coil Vapore
irer (1Mild

Steel Alumi-
num Costed).

semi-opaque, round, 5 mi-
crons. Countless mumber of
black particles.
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FUME OR DUST PRODUCED BY ARC WELDING (Continued)

terial Being |Electrode [ Size of Particles | Characteristics of Dust
Welded Used Electrode | Per cu. ft.| Particles, (Sizes and Fer-
centages Estimeted)

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

on 1" Mila #7 microns. 70% round, opegue;
teel Boiler Coated 30% slightly angaler, crystel-
Flete line, Countless number of
Znside dooth, bleck particles, reddish

brown snudge.

1.21c Steel Steinweld 5/32" 2,605,440 | A1l particles black opague,
Screp Fletes A 2 microns or less in size,
Irnside Zooth, Comted

EesS Steel Steinweld 5/32" 12,460,800 | About 8C% anguler opague, 2
Inside A microns or less; 20% slight-
Sooth, Comted ly exgular crystelline, 5

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

The U.S.¥avy recently concducted some extensive tests with coeted electrodes,
and found that the guantity of cust or fumes ceveloped while welding on galvanized
steel plete was greater than when bare steel plates were used and the dust remain-
ed¢ iz suspension for far longer periods of time, It wes also found that the
averege size of the dust particles was 0,27 microns and thet there were 130,000 par-
ticles under four microns diameter per cubic centimeter, Quoting the Navy report:

"1t is epparent thet consideradle quaentities of dust are found in any arc
welding operetion. The dust formecd when operating or plein mild steel
or corrosion resisting steel is largely derived from the flux costing on
the electrodes, as is shown by the composition of these dusts",

What Physiolozical Effect on Welders is Produced by The Use of Costed
Electrodes. According %o a study made by Doctors A.T. Doig and A P, G. Melaughlin
or lungs of Electric Arc Welders (Lancet - V.20; 771 - 775 (4pril 4, 1938)), defi-
nite puwimonary lesions which gave rise to striking X-ray 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
ovter covering are consumed gradually by the heat generated (about 1500°C, )
during the welding operation. The metel 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 irom oxides.
In addition the fumes probably contein gases such as nitrogen peroxide and
ozone which are formed by the action of an electric spark on the air. The
composition of the coverings of the elecirodes or welding rods becomes, in
the circums=ances, & metter of some importance, DMamy subs<ences, all of
vi.ich we do not propose to enmumerate, are used, The besis of the mejority

N

of the coverings is sodium silicate whnich mcts as & flux. Agsiz, the

1z,
t

EM001525




-36-

coverirgs of a certain type of electrode contein asbestos. The rods are
sometimes dipped in & mixture contalning powdered asbestos and sodium sili-
cate, or asbestos yarn is wound round the rod and fixed by sodium silicate.
In same cases the asbestos completely covers the rods, and in others it is
merely & cord which is wound spirally about the rod.

"The composition of the fumes erising from electric welding electrodes
has not yet been fully investigated. 1IMr. L.C, McNeir, H .}, Engineering In-
spector of Factories, has however had partial analysis mace of the fumes
evolved from an asbestos-covered electrode and some asbestos fibres were
found., Whez the particulste matter of the fimes was collected in an Owen's
dust~counter., it was seen that & large proportion comsisted of iron oxide
particles, with an occasional asbestos fibre,

"The X-rey appearances in the well-marked cases differ Trom the usuel
picture of asbestosis, In none of the positive cases and in only one of
the suspicious cases was there arny blurring of the diaphregmetic shedow,
and ir no case was the heart outlined blurred. The line of the interlo-
bar septur (a feature present in a number of films of cases of asbestosis)
is seen in only one positive case. The opacities in the films are not ec-
centuated at the bases of the lungs, but on the contrary the upper lung
filelds appear to be the earliest, and in established cases, most markedly
affected. Before esbestosis can be eliminated from the differential
cdiagnosis it nmust be remembtered that the asbestos fibres ere being subjected
to intense hea*t and are not in the seame physical state as the Pibres which
are inhaleé ty workers in an asbestos factory. It is possitle that a
typlcal picture of asbestosis might be produced by the irhalation of elter-
ed asbestos, Merewether says that - 'the radiographic appearances of the
developed or advanced states of asbestosis are distinctive, although they
are not specific. While, as is the case with silicosis, certaiz radio-
graphic appearances may be looked upor as typical of the diseese, freguent-
ly modifications of and departure from the typical picture occur!, The
X-ray appearances in our cases most closely resemble those of a fine sili-
cosis, but the clinical features show two important differences. In the
first place, the electric welders whom we exemined are all in good health
and are it to work. The only symptoms observed were slight cough and
morrning expectoration, and in the first case e small haemoptysis occurred,
This mar has not been away f{rom work even for a day since he was first
seen in June, 1933, and his health at the present time is good. None of
the men suffers from dyspnaea. Secondly none of them has concomitant
pulmonary tuberculosis, '

"Miliary tuberculosis can be ruled out of the differential diagno-
sis for clirical ressons, and to same extent on the radiologicel appear-
ances. None of the cases shows the dyspnaea, cyamnosis, and tachycerdia
of acute or subacute miliary tuberculosis, Chronic or healed miliary
tuberculosis 1s 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 opacities are irregular in
size and shape, whereas in miliary tuberculosis of the lung the shadows
are more uniform,

"A further possible explanation of the X-ray eppearances in this
series of cases is that the inhalation of small gquantities of nitrous
fumes together with the superadded effect of fine iron oxide dust might
set up small areas of chronic inflarratory change, conrestion, or fi=-
brosis iz the lungs. Agein. the iron oxide perticles might be opaque
to the Yerays and produce the picture without the associeted presence
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of fidrosis and congestion.”

2. OXY-ACETYLENZ LLDING: Cxy-ascetylene welding is more or less confined to
small repeir jobs or to certain emergency operations where arc welding is not
sveilatle or prec<ical, Exposure of men doing welding is more or less irregu-
laer. They usuelly wear American Optical Cempany or Willson Welding Goggles
with #4 Foviweld lens. The amount of dust produced by oxy-acetylene welding
is considerebly less than that caused by the use of coated elecirodes in arc

welding, ard varies considerably with the style tip and welding rod being
used as well as the meterisl welded, es is shown by the following table:

DUST PECLUCID BY GY«ACETYLENE WELOTKG
Yateriel Seinz |Welding 2o0d | Tip Used | Perticles Per | Cherseteristics of Just
welded Cu, Ft. Perticles (Sizes and Per-
- centeges Istimated)
Celvanized lorwey Lirco 39€,480 Lvout 70% slightly enpular,
l.etal Eocd 5/22" F semi-opecve, grevish, 5 mi-
Welding Shop. crons or less; 20% rowmdéed
semi-opacue, greyish crys=
+elline, 10rmicrons orncre;
107 amorphous, scale-like;
10 microne or more in size.
1/4" » 2" Bar | Oxweld cop- | Airce 50¢, 760 About B80% tlack opague, 1
lron, ‘Jelding | perized #8 micronor less in sizejabout
Srez. steel 3/16" 20% rounded, crystalline;
. S5 micronsorless insize,
1/2“ Soiler Cxweld cop- | Oxweld 1,019,520 About 80% round, semi-opague,
Flate, Soft perized #6 5 microns or less insize;
Steel, Weld- steel 1/8" 10% anguler crystalline,
ing Shorp. Cowmtless mmber of small
black particles,
1/8" Gelven- Coweld cop- | Cxweld 1,359,380 Abtout 807 rounded, semi-
ized Shreet perized #6 opague, dark grey, 1 micron
Iron, Weld= steel, or less insize; 10% slightly
ingz Shop. 1/8" angular crystalline, 3mi-
crons or less; 10% sharply
engular crystalline, 5 mi-
crons or less; countless
mumber of small dark grey
particles.
welding Teeth Sirmons Saw | Aero= 1,472,640 About 98% round black opague,
or Band Saw. Welding plane about l micron or less in
Rod, 3/64" |#2 size; 2% slightly angular,
crystalline, 3 microns or
less in size,

o]

~ BUZLTNG OR C

UTTING OPZRATICNS:

1o VITE CYLACZTVIZIE:

TR ST ok |
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and the demolition of process equipment and works structures. It alsc pleys
an important part in emergency end rescue work. Goggles with shade #5 Tovi-
weld lens are provided and their use is required. At the lerger plants men
with an everage service credit of six years spend about three-fourths 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 thet caused by oxy-acetylene welcing,

DUST PRCOLUCZD BY CXY-ACETYLEL: BURNING

Meterial Being Particles | Characteriszics of Dust Particles
Burnegd Tip Used | per cw ©%, | (Sizes and Percentages Estimsied)
Burning 6" Oxweld 1,869,120 | About 757% rowmd black, 2 microns
Flues (1-1/2" #2 or less in size; 20% slightly
thick) Out of anguler, crystalline, 2 microns
Shell Still, or less; 5% opeque, scale-like,

variovs sizes,

1/2" Boiler Oxweld |2,718,720 | About 90 semi-opague, black, 2
Plate (soft e microns or less 10% round, dark
steel) grey, over § microns in size,

2, WITE KATURAL GAS: A large part of the bwmning or cutting at one of the
larger southern refineries is dome with oxygen and naturtl gas (60 pounds

per square inch pressure), A special torch with & 1/16" x 5/16" +ip mede in
the refirery shops is used. Two men with sn average service of thirteen
yeaers spend & mejor portion of their working time on this naturel gas., They
wear goggles with %5 shade Noviweld lers., Samples taken while burning holes
ir 3" standarc pipe in the yarc outside of welding shep with oxygen snd netu-
ral gas had e concentration of 471,811 particles, ten microns or less in size,
per cubic fooit. About 75% of these particles were slightly angular crystal-
line in sppearance umcer the Korcimeter microscope, and were Zive microns or
less in size; 25% were rough scale-like, opacue, ten microns or less in size.
There were also many minute particles,

- EZALTH HAZARDS PRCDUCED BY WELDING AND BURNING QPERATICKS:Although our
study was confined to the fumes or dust produced ty Welding end Cutting opera-
tion the possibility of lesd poisoning from welding or cutting iron plates
that have been previously coated with red leed shovld be pointed out., Lead
poiscning frenm this sowrce is rather common, especially in cutting up old -
scrap, bridges, tanks, and other iron structures that have through many years
of use received protective coatings of red lead. The sction of the flame
volatilizes this lead material and creetes 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 which is very poisonous when taken into the body. There is an ap=
parent hezeard from volatilizing this material, or rather changing it to thec
oxide of mangenese, and breathing the fumes produced., There are further dangers
from carbon monoxide and oxygen deficiency owing to the use of gas-cutting or
welding flames inside small tanks or sirilar confined spaces.

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

ard cdus=s created,
'
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VI - GRINDING OPERATIONS

Fower grinders are perhaps the most universally used of the small power-
ériven tools. The usual power grinder, commonly known as the emery wheel, consists
of & cast metel stand erd two ebrasive wheels moupnted orn & through sheft which is
either belt or motor ¢riven. There ere mlso several grinding wheels, such as are
found on machine tool equipment where grinding takes the pleace of lathe end plener
work, 411 grinding operations produce dust to a greater or lesser degree, depending
oz the compositiom and construction of the wheel, the material belng groumd and the
vertilation or exhaust hoods provided.

Whet is %he Camvosition of Grinding Wheels? Grinding wheels ere made of
eizher baumite which is mined, or silicon certide which is made by heating & mix-
ture of guartz send, coke end comron selt in ap electric furnace. The beuxite or
silicon cerzide ere crushed to the desired grein size, mixed vith ar adhesive sub-
stence celled a terd, and formed into wheels, discs, cones or cylinders. There are
peny wheels in which the binder is shellec, rubber, bakelite exnc other orgenic come
pounds. Sauxite wheels are knorm in the shop as "Alundum" and "Aloxise", while
silicor cartide wheels ere known as 'Crystolon" and "Carborunduz". Alundum wheels
sho:lZ be used on meteriel of low temsile strengths such as cest iroxn, tress, alumi-
num, copper and marole,

[eh

e

Lrresive Tust Hernful? According to Dr. W. Irving Clerk iz e paper read
et & meeting of Govermment Officiels in Industry (Boston - May 21, 1931) the artifi-
cal etrasives, elurinur oxide and silicon cartide do not cortein free silice and
their dust cannot produce silicosis. The dust, like any other irnorganic dust, cen,
hovever, il breathed for a long period of time in large guertities, produce an A-ray
picture similar o that of early silicosis, This picture chenges very slightly =as
veers of exposure incresse, and at no time are the nodules, cherecteristic of silia
cosis, evicent, TUnlike silicosis, there is no progress in the process after expo-
cure ceases and <there appears to be no merked physicel digetility. Although there
is no silicosis, the X-rsys do show signs of pneumoconiosis.

el

o' i

Carborundum dust, chemically, is silicon carbide, According to lMiller and
Sayvers (U.S, Pub, Eealth Rep. Vol, 49 #3 of Jan. 19, 1934) carborundur dust when in-
Jjected into the peritoneal cavity of guinea pigs produced no reaction and was termed
"inert". Dusts such es quartz and flint - silicosis producing dusts - produced &
proliferetive reaction,

Leroy U. Gerdner (U.S,Pub,Health Rep. Vel, 50 #21 of May 24, 1935) reports
that cartorundum produces practically no reaction when inhaled by guinee pigs in
high concentrations over a period of time., Qucting fram Dr, Gerdnmer's article, the
rart perteining to carborundum dust:

"The dust which does reach the tracheobronchial lymph nodes mpparente
1y lucks the proper physiockemicml properties to stimulate any but & very
slight proliferation of cornective tissue. In the lungs, there is prac-
tically no fibrosis,"

The Journal of the American Medical Association (Notes and Queries 103, 1472,
1934) makes this statement regarding the health hazard of breathing dust from arti-
ficial ebrasives:

"Cnly silice (SiOp) is capeble of inducing silicosis, but eny other
zinerel dust under conditions of prolonged and gross exposwre may cause
some increase in pulmonery fibrosis. 17 the relative potential harm of
silica is retec =s 10, fhese other ron-toxic mineral dustis mey be rated

'
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only on the order of 5 or 10."

Despite this comparetively low rating of harmfulness of these dusts it is

generally considered advisable to use dust hoods and exhausts wherever practical as
there is clirical evidence that workers exposed to heavy concerntrations of dust of

any kind are more liable to develop diseases affecting the nose,

throat and chest

during the winter momths than those not exposed to dust, Dr. Clark believes that

an effort should be made to keep the dust

less than ten microns per cubic foot of air,

count below twenty million particles of

1, What are the More Freguently Used Types of Crinders, the Quentity and Charscter

of the “us‘ ”hey Produce? The E,x':.nder's most commonly found ir the refineries and as-
societed activities are:

A - TANDEM FLOCR TCOL GRINDERS: Tandem floor ool grinders,

the most fre-

guently used type, are in most cases motor-driven and operate at a speed of from

1450 to 1850 R,
teriel to te ground.

shops end wood working shops aroundé our refineries used:

1-1/2" x 10" Norton Alundéum (Grede P, Grit 46) wheels for
sharpening tools and for general service grinding.

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

3" x 16" Carborundum (Grit 30, Grede EK) wheels for grind-
irg lathe and other machine tools,

The type of wheel or grinding media selectec depends upon the ma-
Generally speaking, the wheels found in most of the machine

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

The amount
primerily upor the composition of the wheel and

g 2" x 14" grein

of dust produced by the operestion of tander. tool grircers depends
the hsrdness 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 zone of the person using the grinder during the grinding of various ob-
Jects on various wheels of tandem floor grinders:

Particles per

Operation

Grlnﬂing Cast Irom om 2" x 12" Aloxite (46M Grit) Wheel.........

* 3 2 3

8 Steel Sleeve on a 1/2" x 10" Carborundum Wheel.......
" Eard Steel Chisel on & 5/8" x 8-1/2" Alundum Wheel...
" " " " 1/2" x 10" Carborundum Wheel..
n n n " LI 3/4u x 10" f n .
" Pneumatic Tool Steel Chisel on & 5-1/@" x 14" Norton

uumdm (3836 - O.SB) wheel.---...-oo-oco-oou-.--cooa
" Chisel Bar on the same wheel (3836 = 0,5B Alumdum)...
" Tool Steel Chisel on & 1" x 10" Cartorundum (Grain

46M) Wheel.......... ettt
Tool Steel on & 2" x 14" Alundum (24 grain,gradeQ) Wheel

(44_ " n M) "

8 Lathe Tool on & 1/ " x 12" " (Grade P) Wheel...... .

woon L G R? i

cubic foot

11,648,960
8,127,840
7,476,480
1,670,880

906, 240

1,869,120
4,134,720

2,594,112
396,480
1,010, 520
339,840
1,331,040
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Particles per

Operation (Continued) ctbic foot
Grinding & Lathe Tocl ana 3" x 16" Carborundum (grit 30,grede E)
Wheelie.vaaes 362,496
" Mild Steel on e 1-1/2" x 10" Alundum Wheel..........0.es 6,655,200
" Steel Dies on & 3" x 14" Carborundum Wheel.........oovve 56,640
" Squering Sheer Bledes on & 1-1/2" x16" Carborunduz Wneel. 2,577,120

Dust Produced By Cperstion of Tendem Floor Grinders,

As would be expected,

there is B wide verimiion <In +he appearance of the dust particles under the Koni.

meter mitroscope.

These exmmples

however. will give en idea of the chearacteristies

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

lMeteriel Being Size of Characteristics of Dust Particles.
Cround Wheel ™pe of Wheel (Sizes and Perceztages Estimated)
A" w3 Milc 1-1/2" x 10"|Alundum About 70% enguler crystelline, §
teel Ser (crit 486, microns or less in size; 307 me=~
Grede P) tellic shreds; 10% write opague,
slightly enguler, over 10 microns;
many small black specks,
Tool Steel 2" x 14" Alundum vit- About 90% anguler crystelline, 2
rified (Grit microns or less in size; 10%
44 ,Grade M) opeque, 1 micron or less inmsize,
Tocl Steel 2" x 14" Alimdum vit- About 60% round, semi-opmgue, 10
(Same ma- rified (Grit microns or less in size; 40%
terial es 24, Grade Q) enguler opague, 5 microns or less
etove) in size,
Lathe Tool 3" x 16" Carborundum About 75% round, crystalline, 5
(Grit 30 microns in size; 25% slightly
Grade X) angular,
Chisel Bar 2-1/2 x14" |Alundum About 70% slightly engular, 3
(3836-0.5B) microns in sire; 30% black,
opague, metallic, -
Pneumetic 2-1/2" x 14" |Alundum About 98% round, bleck. opegue,
Bemd Tool (3836-0, 5B) one micron or less in size.
Steel
Chisel
Lathe Tool 1-1/2" x 12" |Alundum About 50% engular crystelline,
(Grade P) 2 microns or less in size; 50%
round, black, metallic, 1 mi-
cron or less in size,
Lathe Tocl 1-1/2" x 12" |Alundum About 75% enguler ¢rystelline,
(Seme as {Grade R) 2 microns or less in size; 25%
above) round, bdblack, metellic, 1 mi-

cron or less in size,
t
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DUST PRODUCED BY TANDEM FLOCR GRINDERS (Concluded)

Material Being Size of Characteristics of Dust Particles.

Growmd Wheel Type of Wheel (Sizes and Percentages Estimated)
Cast Iron 2" x 12" | Aloxite About 857 sharply engulaer, crys-
(Grit 46, talline, 5 microns or less; 10%

Grade M) rounded engular crystalline, over

10 microns; 57 opague scale-~like
metellic, 1C micrors or less;
large number of black metallic
specks.

Where "hard" wreels are used for grinding soft cast steel, about 9% of the dust per-
ticles are mezellic and less then cne-half micron in size,

With the exception of a very smell nurber of men who devote about 85% of
their workirng %ime to actual grinding, there is a very wide varietion in the number
of mexn exposed and the length of such exposure to dust procucec by the operation of
tandem floor tool grinders. In only ore cese was & respiretor worn. Goggles have
been provided and their use reguired in most ceases.

B = TAWNDEM BENCH GRINDERS: These grinders are small in
sharperirzg smell tools and light grinding. They are all motor driven and operate et
about 3400 R, P}, Different grade wheels are used, usually 1-1/8” x 8" Carborurdum
(Grein #80) oz one side, and on the other a 1" x 8" Carborundur (Grairn #3%0)., The
axmount of dust producec by the operetion of tancdem bench grinders varies with thema-

size and are used for

+erijagl Ao
terial being

are fairly representative:

Grinding Cold
1"

n 1/2u

" o -
Lerc

Chisel on
" 1"

QOveration

1-1/8" Grain
1" x 8" n #go

Boiler Plate on 1" x 8"#%0
Steel Chisel on 5/8" x8-1/2" Alundum

(Grain 46, Grede Fluuue.eeceessserocorarossss

#80 Carborundun Wheel....

ground and the composition of the wheel.but these average dust counts

Perticles per cu. ft.

5,909,440
v.... 8,401,600
ve.. 12,460,800

" "

" [

7,476,480

Dust particles in samples taken during the operatior of the tandem bench
grinder have the following characteristics:

Material Being Size of Cheracteristics of Dust Particles.
Growund Wheel | Type of Wheel (Sizes and Percentages Estimated)
Medium Steel 1-1/2"x8" | Carborundum About 75% slightly amrguler crys-
Cold Chisel (#80 Grain) talline, 5 microms or less in
size; 20% rownd opague, metallic,
one micron or less; 5% semi-
opague, over 10 microns and look
like chips of gless.
Medium Steel 1" x g" Carborundum About 80% round opague, 2 microns
Cold Chisel (#50 Grain) or less ir size; 20% slightly angu-
(same tool as lar crystalline, 5 microms or
Above) less in size,

Er¥001532
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DUST PRODUCED BY TANDEM BEZlCH

GRINDERS (Concluded)

Materiel Being | Size of Cheracteristics of Dust Particles,

Ground Wheel Type of Wheel (Sizes and Percentages Estimsted)
l/?" Soft "z 8" Carborundun About $0% round, black, metallic,
Steel Boiler (#90 Grein) 2 microns or less in size; 10%
Plate (Teking slightly engular crystalline, §
off rough microns or less in size,
edges)
Terd Steel 5/8" x Alundum About B5% round, bleck opegue, 2
Ciisel g-1/2" (Grein 46, rcicrons or . dess in size; 15%

’ Grade P) rownded cryszalline, 10 ricrons

or over.

C = SIYGLE *LOCR TCOL GRIIDZIRES:
They reace in size from 1" x 10" motor-driven (1750 RPN
The larger size is used for heavy grinding such as blanks

in use,

belt-driver (1250 EFM).
and large tools; the smaller
irg, The wheel o
size class Crein 4€, Grade M
24, Grade'Q Alundus wheels in the 1-1/2" x 14" size,

- T
DR 41

v large

There ere only a few single floor grinders

to 2_1/ "oy 2pn

sizes for sharpening tocls andé miscellaneous grind-

grinder is Carborundum (#9C Grain),

For the smeller

Carborundun wheels are used on the 1" x 10" ané Grain

Semples teken duwring the opera=-

tion of Single Floor Grinders had dust counts as follaows:

Operation

Particles per cu, ft.

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

(Grain 24, Grade Q).,

679,680

" Chisel on 1" x 10" Carborumdun Wheel

(Grain 46, Grece Mliveveoeeeesaooaee

2,594,112

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

Cerborundum Wheel (Grein 90)iu......

4,451,904

“he hoods which almost completely enclose these wheels act as practicel dust collec-

tors,.

Dust particles produced by the foregoing grinding had these characteristics

wnen exacined under the Konimeter microscope:

lieterial Being Size of Charecteristics of Dust Pearticles.
Ground Wheel Type of Wheel (sizes and Percentages Estimsted)
Herd Steel 1-1/2" x Alundum All particles were 2 microns or
Tool Bit 14" (Grain 24, less in size, About 60% were an-
Grade Q) guler crystalline; 40% were
rounded opague,
1/4" x 2" Mild [1" x 10" Carborundum | About 98%were black opague, 2 mi-
Steel Bar (Grein 46, crons or less insize; 2% slightly
Grade 1) angular,5microns or less in size,
1/2"x4" 1141 |2-1/2"x20"  Carborundum | About 85%were slightlyengular
teel Bar (Grain 90) crystalline, S microns or lessin
sizejebout 15% black semi-opacue,
encyler metellic, 2 microns or
L less in size, i
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D - TUYT'IRSAL SRIIDERS: As the narme would indicate, umiversal grinders are
used for & wide variety of purposes and therefore are in more continuous opere-
tion “han are the other grinders, with the exception of the tandem floor tool grind-

ers. There are two types or mekes, the Erown & Sherpe Universal Crinder wnich hes
an operating speed of 3750 RPM, and the Grend Rapids Universel Grinder which
opere+es nt about 3850 RF, The following ebresive wheels are used:

1/2" x 5" YNorton Co. 3846 J 5¢ Alundum wheel for grindin
hardened carbon tool steel,

m

1/2" x 7" Norton Co. 384€ I BZ fLlunduz wheel for prinding
high speed tocl steel,

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

1/ " 5 12" Car-orundim Co. whneel usel for cutting,

1! ¥ lon 1" 17" n 1t n ﬂ“&l‘ne*‘i‘z
tocls, reemers, dies and drill btits,

Semples =zekern durini the operetion of the various Universal grinders hed
dust counts as follows:

Operetion fe~ticles per cu £t.
Dressing 1/2" x 7" Alundum (3846 I 8B) Wheel with a
VY-S oolot otalli ol % L O 1,397,120
(Zvicently _the clouds of dust which come off during
ve perticled larger than 30 microns)
JeR Speed Tocl Steel on 1/2" x 7" Alundum Wheel
(3846 I B2 vusereearoeasnennnans ceeveans 1,84E,464
" Eardened Cerbon Tool Steel on 1/2" x 5" AlundumWheel
(5846 J 5B )eunennnnnnnns e . 6,683,520
" Case Harcened Steel on 2" x 3-1/2" Rloxite
(Grit 401 =~ P = 25 T3P€ 2)seivunennrans . 84,960
Cuting of” Teel Steel with 1/4" x 10" Carborundus Wheel. ... 1,416,000

Dus<t particles in semples teken during “he operation of Universal grinders
have these characteristiics:

Iaterial Zeing | Size of g Characteristics of lust Particles

Ground Wheel Type of Wheel (Sizes and Percentages Estimated)
Dressing Wheel | 1/2" x 7" | Alundwum About 80% slightly angular crys-
With a (3846 I 8B) taelline. About 3 microns in size;
"Diamond Point" 20% black opaque, round, about 1

micron or less in size.
High Speed 1/2" x 7" | Alundum About 60% opague angular, about 2
Tool Steel (a (3846 I 8B) microns or less in size; 407
lLandils Pipe slightly angular, crystalline, 5
Chaser) microns or over in size.

EM001534

nonoponopnnononnonnonAAnnAMoOoNMOOTMRMMET"”"



L B B BT K N B B A L A B VR VIR VRN T VR T TR Y- VRN VRN T+ VRN T VIR T+ VRN VRN T TR . - PR - DI - B

-45- . ’

Dust perticles in samples teken during the operation of Universel grinders
heve these characteristics (Continued):

Materinl Being | Size of Characteristics of Dust Particles.
Ground Wheel Type of Wheel (Sizes and Percentages Estimated)
Hardemed Car- |1/2"=x5" | Alundum About 30% eanguler crys<elline,
boreted Steel (3846 J SB) about 2 microns or less in sizej
(Pipe Grip for 70% round black opeque, less than
Pipe Mechine) 1 micron in size, lumerous black

gpecks too small to ccumt. Seversal
lerge oblong bleck opague par-

- ticles about 20 microns wide end
35 or 40 micrors long,

Cese Herdened 2" x 2-1/2" Aloxite £11 perticles black opacue, 1 mi-
Steel (Flung- (Grit 401-P- cron or less in size,
ers for 7ill=- 25 Type 12)

ing Mechine)

£ = SURTACZ GRI'TDERS: Surfece grinders are used almost exclusively on velves
end cies. They ere ecuipped with either 1/2" x 8" Norton Alundum (1946Z) wheels or
1/?“ % 4" to 6" Carvorundur (Aloxite) wneels, Ko dusi collectors are provided, the
dust being thrown out into the atmosphere. Samples taken cduring the operation of

surface grinders had the following dust concentretion (10 mierons or less):

Cperation Perticles per cu, fi,

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

Alorite Wheel.....oviivneiieninnn. teeese 56€,400
" Tool Steel Die on 1/2" x 8" Alundum (1946E)
Wheelieoeeeerinonnneaas et eieatanecanee 1,018,520
Dressing Surface of 1/2" x 8" Alundum Wheel with & "Diamond
Poimt" iiviiavreenncnnnns 1,132,800

About T0% of the perticles from grinding the steel die were metallic, 3 mi-
crozs or less, whereas 98% of the particles from grinding the soft steel valve were
metellic, Meny of the particles were too smell to identify or count accura<tely.

F - LAKDIS TOOL GRINDERS: Landis tool grinders are usually equipped-with two
different types of wheels, one for side grinding and the other the ordimary +type.
1-1/2" x 12" Carborumdum Aloxite (Grit 40, Grade E, Bond 33) is used for general
purpose grinding such as bull chisels, diamond points, cold chisels, flanges and
screppers, The Side Grinding Type is usually a 2~1/2" x 1-1/2" x 12" Grit 46A-P
P678 Aloxite brand AA wheel used for grinding Landis dies, At one plent the wheels
of the Landis tool grinder ere enclosed by hoods at the rear of each of which is
attached & two=inch plpe comnected to & three~inch pipe which discharges into a
sewer. Suction is induced by & stream of campressed air from & 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, Samples teken dur=
ing the operation of Landis tool grinders had dust concentrations as follows:
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tion DPerticles per cu ft.

Drescing 1-1/2" x 12" Aloxite Wheel (Grit 40,Grade H,
BomE 33)esececrsareccans 226,560
{Evidently particles in the cloud of dust thrown off by
the 2-1/%" x B" lMetcalfl Emery Wheel Dresser are larger
than 30 microns in size)
Grinding "Dismond Point" Chisel on 1- 1/2" x 12" Aloxite Wheel

(Grit 40, GrAds Eleeesessstocsoasssosaconansosissasnssasns 2,067,360
Grinding 2-1/2" x 6" Lamdis die on 2-1/2" x 1-1/?" x 12"
Aloxite wheel (Grit 88A-P P78 ) .uurrvan vacanceeseaninsies 755,203

Trder the Xorimeter microscope dust particles in samples teken while dressing
the 1-1/2" x 12" Aloxite Wnegl appesared sl;ghtly-anzular with a yellowish tinge end
were five microms or less im size, About 75% of the particles from grinding Lhe
Lendis die were round, opague, end less then 1 micren in size; 25% were slightly
anguler crystelline, less than 2 microns., Particles from grinding the diamond point
crhisel were less quartz-like than those from grinding the die. This difference is,
of course, cdue to difference in the composition of the two wheels. O{n an average,
Landis tool grinders are used about twenty hours & week, usuelly by different men

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

Semples +eken during the grinding of a 2-5/16" high speed drill had en ave-
rage of 1,000,822 perticles, ter microns or less, per cubic foot. About 70% of these
dust particles are slightly crystalline in appearance, five microns or less in size;
305¢ were rounded, semi-opague, over ten microns in size., There were alsc a few
small metallic shreds, No exhaust or dust collector is used in this grinding,

E ~ AUTOMATIC CIRCULAR SAW SEARPENING MACHINEZ: There are & 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 hmrzard except where no exhaust or dust collectors have been installed and the
dust produced is thrown into the filing room atmosphere., Automatic Circular Saw
Sharperning Mechines are equipped with 1/4" x 8" Nortonm Alunduz Wheels (Grain 60,
Grade N), 3/8" x 8" Norton Alundum (1946 M) wheels, or l/ " x 6" Carborundum wheels.
The average dust produced during operation of these machines is:

Wheel Particles per cu. f%,
1/2" x 6" CarborumdWm .v.ueennennns e i, veeeeess 1,923,280
1/4" x 127 " ettt tetesieiieee... 3,568,320
3/8" x 8" Alundum (1946M)..veeenerenneennnns feiiennesseeses. 2,095,680

1/4" x 8" " (Grain 60, Grade N)..vivuveveenensoneannns 1,461,312

About 98% of dust particles in samples taken while sharpening circular saws
on the Carborundum wheels were black metallic in mppearance, and one micron or less
in size, About 75% of the particles from the Alundum wheels were rounded crystal-
line, 5§ microns or under in size, and 25% round black metallic, about one micron or
less in size, There were a mumber of small metallic shreds in the samples from the
thicker (3/8" x 8") wheel.

I - AUTOMATIC BAND SAW GRINDEZR: After the Bang Saw has been inserted and the
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machine adjusted, this grinder works eutomatically. The wheel ordinarily used is &
1/2" x 8" Grein 50, Grade N Norton Company Alundum. The wheel is refaced or dressed
with e lietcelf Emery Wheel Dresser about twice a day. The average dust produced by
this dressing operation is 2,284,480 perticles less than ten microns per cubic foot,
About 95% cf these cust particles are sharply angular crystalline in appearance
under +<ne Formimeter microscope, and sbout five microns or less in size, The dust
produced curing the sharpening or grinding of the bend saw blade is on &an average
only B77,920 particles per cubic foot. About 50% of these perticles appear angulaer
crystelline and ebout 507 round tlack opaque, All of them are ebout two microns or
less ir size,

J = AUTCMNATIC BAND SiWw LA® GRINDER: Used to grind ends of band saw prepera-
“orv to welding them zogether, The grinding wheel usually used is 5/8" x 10" Grain
46, Grade li, Korton Company Alundum, Ne dust collector is provided although e dust
coxmt as high as 1€,142,400 perticles, ten microns or less, was found in one semple
teker ir Sront of the wheel while it was in operation., The everage dust produced
ty this lep grinder was 4,864,320 particles per cubic foot. About 80% of these cust
perticles were semi-opaque, slighily anguler in eppeerance, and two microns or less
in size; 20 were bleck opague, ebout one micron or less in size,

¥ - FLANINZ EUITE ZLADE GRINDER: Uses & 1/2" x 8" Grein 46, Grade X, Norton
Compeny flundum wheel, COperating speed 3000 RFIL No hood or eny other protectiorn,
Lverscze cust produced while sharpening a Flener Xnife Blade was 566,400 perticles,
ter rmicrons or less per cutic foot. About 60% o these dust perticles were slighte
1y enzuler crystalline in appeerance end about 4two microns or less in size; 40% were
cregue of various sizes from about sever microns or less., There were & few smell
netellic shreds,

L ~ LIVDZREMAD CUTTER GRINDER: Sharpens cutters fram the Lindermarn mechine
for tongueing and grooving., Grinder uses & 1/2" x 6" Norton Alundum (Grain 60,Grade
) cup wheel., Cperating speed 3000 RFl. There is e hood puard over the top of the

14,385,560 particles, ten microns or less, were found at the front of the grinder in
operatior, and 12,574,080 particles per cubic foot in the back, The average dust
proiuced wes 2,137 820 perticles per cubic foot., About 70% of these dust particles
ere rount sezi-cpacue In eppeterance under the Konimeter microscope, and three mi-
crons or less in size; 20% are round, globuler like particles, seven microns or less
ir. size; and 10% are metallic shreds about two microns wide and 20 to 30 microns long.
There are many minute crystalline particles too small end too numerous to count ec=-
curately,

M - GANG S&W BLADE GRIIDER: Uses & 5/8" x 10" Grain 50, Grede M, Norton
Company Alundrmum wheel, operating at 1800 RF!l, A rather crude dust collector has
teen installed, but the average dust (8,760,320 particles per cubic foot) produced
by this grinder in operation indicates that it is inadeguate. About 90% of the
dust particles in samples taken during the grinding of & Gang Sew Blade were semi-
opaque in appearance and about two microns or less in size; 10% were black round,
opague, one micron or less in size. There were numerous minute black specks too
small to count eccurstely,

N « EDGER SAW GRINDER: Uses a 3/8" x 8" Grain 60, Grade N, Norton Company
Alundum wheel, operating at 1650 R No hood or any other dust collector for this
gricder, The low dust count, en everage of only 453,120 particles, ten microns or
less per cubic foot, indicates thet there is very little real need for such equip-
rment, The Qust particles produced while grinding en Edger Saw Blade are angulaer
crystalline, sbout two microns or less in size,

O - CIRCULA: SLAZ CUTLOFF SAw GRINDIR: Uses & 3/ " x 10" Grein K, Norten
'
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Company Alundum wheel operating at 1650 RFIL A rether ineffective dust collector has
been installed, but the everage high dust concentratiocn (10,931,521 perticles per
cubic foot) shows that it is inadequate, About BOZ of the dust particles in semples
taken durizng the sharpening of a Circular Slab Cut-off Sew were opague in appearence,
two microns or less in size; 20% were slightly engular crystalline, five microns or
less in size. There were alsc a large number of minute black opague particles.

P - "HOG KNIFE" GRINDER: Uses & 1-1/2" x 24" Carborundum wheel operating at
300 RP%. This grinder is completely enclosed by a metal hood, but the dust is dis-
cherged onto the floor through en opeming in the lower part of the hood, The average
dust produced ty the operation of this grinder is 1,869,120 particles per cubic
foot, About 75% of these dust particles were angular crystalline in appeerance under
the Fonimeter microscope and four microns or less in size; 25% were round, black
opague, two microns or less in size, o

Q - CTUTTER GRINDER:e Uses & 3-1/2" x 2-1/2" x 1/2" Worton Alumdum wheel (3846
E B 5), The emount of cust produced depends uporn the material being ground as is
showz by the following: :

Grinding a steel counter sink............ 735,720 particles per cu., £,
" " " TEAMET e vssseoerassseaassl,01l8,520 " " " "

The dust particles are about 987 opague metallic in appearance eand about ome micron
or less ir si:ze.

What Frecautions Should Be Adopted For Safeguerding Those Who Use Grinding
Wheels? Authorities generelly agree (Jour, Indust.Eyg, Vol, VII No, 8 August 1925
p. 351) that workers who habituelly use grinding wheels will run but slight risk of
developing preumoconiosis 1f they use certified ebrasive rather than sandstonewheels
for all grinding operations and if the mechines upon which the artificial abrasive
wheels ere mounted are properly hooded and excessive dust removed by suction,

Cor*rol of Dust *rom Grinding, Polishing &ncd Buffing Wheels, Exhaust systems
for grinding, polishking and buffing wheels vary wicely in design. Imn the case of
grinding, the hoods used serve not only to provide means for cepturing the dust but
also act to protect the worker in case the wheel bursts. The chief difficulty to be
overcome in grinding wheels, according to U, S, Public Health Bulletin No. 217, "The
Deterziza<ion and Control of Industrial Dust" (1935), is the outward sweep of air, &
fen sction, due to the revolving wheel. This effect is very marked with high speed
end rough wheels end 1s so strong thet in many instances it is sufficient to counter-
act the normal inward flow of esir, The same effect exists with polishing and-buffing
wheels but to & less merked degree,

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

A runber of the wheels have been provided with suction exhaust preduced by a
motor driven fan or & hood, with a two-inch pipe one end of which is immersed in a
bucket of water, The dust is drawn in by the reapld revolution of the wneels (1750
RFM)., This simple arrangement is particularly effective, Three samples taken neer
the cischarge of & motor driven sucticn fan connected with the hood of 1-1/2" x 10"
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Llurdum (Grit 46. Grade P) wheel while a tool wes being sharpened had an average of
2,076,989 particles per cubic foot which would heve otherwise been thrown into the

machine shop atmosphere,

As pointed out by Dr. ¥. Irving Clark in his peper "Dust Eszerds and the Pre-
vertion of Injury from the Same" read st a meeting of Govermment Officials in Indus-
tr e+ Bostoz, limss, on Hay 21, 1931, the most effective method of removing fine
pa;ticles 07 dust is ty suction eprlied as close as possible to the point where they
are cenereted and the amount of this suctior is great emough to overcome the dis-
persing mczion upon the dust of the work being done. The velozity at the air ducts
of &xn efficiexnt dusi removinrs tube should be 1500 linear feet per minute. Quoting
or. Clerk:

"o me*ter how well & workmern is protected he zhould be kept under
medicel supervision endé have e periodic exemination of his heart
end lungs, Iz additioz, the X-ray should be employed Ireely in
_orcer to detect early sigms of fibrosis in the lumngs and to show
Bny signs of eerly pulmonery tuberculosis. In my experience with
viorkers exposed to inorgenic dust, non~silicous in cherscter, a
vearly physicael exeminetion with en X-rey every second yveer elter
“en yeers exposure is sufficient but it must be remembered that
tnis is the result of work in e fectory where the charmcter of
the dust is relatively hermless anc where excellent dusst renove
ing devices are installed on every machine where it is possible,
i'nere free silice is present iz lerge guantities the examinetions
should begin after two or three years exposure and an X-ray should
be taken every yeer,

. Clark elso states that men who are asthmatic, who suffer fron chronic
s, or who heve had pulmonary tuberculosis should not work at a dusty job.

VII - HANDLING POWDERED OR PULVERIZED MATERIAL

A lerge smount of powdered or pulverized materiels ere used in the treatment
ol petroleur products end boiler water and in the manufacvure of greases and insece-
ticides, In most cases epproved respiratory protection is provided and its use ree
guired when hendling the materials, Exposure to dust is usuelly intermittent and of
srort duration. ‘Among the powdered or pulverized materisls used in the refining of
petroleun products and associated activities are:

A « LIME: Lime is extensively used in the hydrated form ané to & much lesser de=
gree as lump guicklime,

1. Hydreted 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 a car. According to a chemicel anslysis of a typical

sample, hydrated lime conteins:

F6203A1203....-....-. 0, 30 per cent.
of X o S T T "
MECesveonenneeesnnsss 0,93 " "
Insoluble Silica

Residue...., 1.01 " "

(flemainder mostly Moisture and Voletile Matter)

+f
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1
—
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o 380 pounds of lime are used per batch'in the menufacture of greases,
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The secks of lime are ususlly opened and dumped into the mixing kettle, Con-
giderable dust (as high as 34,890,240 perticles less than ten microns per cu-
bic foot in one sample) 4s produced by this operation. The average dust pro-
duced is 8,733,305 particfles per cubic foot and the average exposure per batch
is about five minutes, The number of batches made per week varies from one to
twenty-five. No respirators are worn by men dunping hydrated lime at eny of
the poimts where it is used with the exception of Baton Rouge where the wear-
ing of the MSA "Comfo” respiretor is required. About 857 of the dust particles
in sarples taken while dumping lime in mixing kettles are slightly angular,
glightly opague, crystalline, in appeareance under the Konimeter microscope,and
five microns or less in size; 15% are rounded, semi-opaque, with a metellic
greyish coler, tern microms or over. There are elso a countless number of very
small particles.

Orly e small guentity of Hydrated Lime is used in the treatmezt ol boiler
feedwater, About 70 pounds of lime 1s mixed per betch and ebout six bazches
are made every day (24 hours). The mixing is done by one mar oz each shift,
Although the exposure is very short, the men et Ingleside Refinery weer Willson
"Dust-tite" respirstors while dumping lime, The average dust produced curing
this operezicn is only 657,024 particles, tex microns or less, per cubic foot.
This low dust concentration is the result of e spray of water from & two inch
pipe across the hateh of <he mixing tank just below the opening while smcks are
being dumped., Comsequently, the material is wet almost as soon ms the lime is
introduced. Abomt 95% of the dust particles in samples taken while the lime
was being dumped into the mixing tenk were semi-angular crystelline in appeer-
ance, and from 7ive microns or less in size, and 5% were round opague, “‘wo mi-
erons or less in size, -

2. Immp Smicklime. Deed to "soften" boiler feedwater, The lime used for this
purpose is Oyster shell Lump Quicklime (97% Cal)., It cames in fifty pound
paper-lined burlep bags, and eight bags are usually used per batch One batch
is made per shift, The dumping and mixing requires about ten minutes per batch,
end the men coing this work is protected by rubter type goggles, but no respi-
rator, The average dust produced by handling the bags of lump Cyster Shell
Quioklime is 2,605,440 perticles per cubie 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 micromns, per cubic foot. The handling and
dumping of this Oyster Shell Quicklime produces less dust than is produced by
the hydrated lime usuelly used. About 95% of the dust particles in samples
teken during the dumping of Oyster Shell Quicklime into the mixing kettle ap-
peer slightly angular, crystelline under the Konimeter microscope, and are five
microns or less in size; 2% are round, semi~opague, over ter microns in size€;
and 3% are black opacue scale-like, five microns or less in size,

Whet Physilppier) Effect is Produced by Lime Dust? According to the Inter-
rational Labor Office (Cceupation and Eealth, Vol. II, 1934) particles of lime mix
with the sweat of workmen handling it and irritate the uncovered pores of the
skin; lesions of the mucous membranes are elso set up, We are told that:

"The action of quicklime is due partly to its avidity for water
(dehydretion), to the heat given off in its reaction with water,
and partly to the peculiar causticity of the alkaline oxides or
alkeline eertihs, Quicklime exerts essentially & locel action
(on the skin and mucous membranes) irritating end caustic, wkich
ig paturally less marked in the cese of sleked lime., Milk of
lime is a feetle caustic acting only on the mucous membranes,
The cilute lyes are only caustic to the skin after prolonged ac=-

tior end especially when they are warn.
'
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"In practice it is the dust of gquicklime and slaked lime, given
off in the course of manufacture and menipulation, which gives
rise to the well known lesions., This very fipne dust 1s deposit-
ed reedily 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 merkranes of the respira-
tory trect, it is not considered particularly hezardous when breathed in small
guan+tities et intermittent intervals, However, complications may result when a
iarge amoun: of the dust is breathec more or less regulerly., Therefore, it is
gesiretle t0 wear an approved respirstor such es the MSi "Comfo" or the Willson
"Just-tite",

E - METLTLID ZINC ITST: Mesellic zinc dust (90% through 30C mesh) is en imporient
comstituert in Pipe Threed Coeting Compouni. About 1500 pounds of this material is
vsed per bazch, end etout fifty batches sre mede per month. The zinec dust comes in
400 pounc wooden kegs or 500 pound steel drums, According to & chemical analysis,
t¥is zine dustis 0¢.,20% metallic zinc and O. BOS zinc oxide (Zal). The particle size
distrivuticen of a typicel sample as determined by & standarc screen enmelysis is:

£11 through 120 mesh screen

2, 76% retained on 200 mesh

2,04% " "o280 O
22,247 " "ozes "

Tre zinc cdust 1s dumped from the keg or drm onto & metal sheet in frort of the ket~
tle ené shoveled into the ketile by two or three men (with an average service of
about three menths) from <he General Lebor Depertment. This is a very dusty opera=
tior. One sample teken during the shoveling of zinc dust had as high as 68,760,960
perticles per cubic foot of air the aversge concentration being 28,331,328 par-
ticles, less than ten microns, per cubic foot., The workmen are exposed to this dust
ebout thirty minutes per batch or approximetely 2-1/? hours per wonth. They wear
dust respirators, About 95% of these dust particles are dark grey, opaque, anculer
in appeerance under the Korimeter microscope, and about five microns or less in
size; 5% appear slightly sngular, crystelline, ten microns or less in size, The
crysielline materiel 1s probatly zinc oxice,

What Physioloricel Effect is Produced by Zine Dust? thovgh zinc oxide (Zn0)
procduces definite physiologicel effects. metallic zinc dust does mot seem to affect
the person breathing it other than that caused by the inhalatior of emy inert dust,
Nevertlieless some investigators are of the opinion that zine is not entirely inert
end herrxless. Certeinly it is not as harmf™ul as lead or arsenic, but the United
Stetes Public Health Service has certasin limitations on the smount of zine that is
perritted in drinking weter. According to Nuck, E. Remy, end F. Foltzmann (Jour.
Indust. EHyg., Vol,12, 1930, page 171 Ab.) Zinc dust can ceuse lung trouble after
being inhaled in large guantities, Zinc dust is also very definitely explosive.

C ~ ASIEZSTOS "FLO:T": Float asbestos is used in the msmfacture of tractor lubri-
ean<s, t comes in 150 pound cloth bags by railroad, about 2000 begs to a car.

From 200 to 3000 pounds are used per batch and from two to fifteen batches are made
per month, The bags of asbestos floet are dumped inmto the mixing kettle by three
men with an everage service of twelve years. These laborers are exposed to dust
ebout forty minutes per batch. Dust cenceniration as high as 8,269,440 particles,
ten microns or less in size, per cubic foot are produced during the dumping of ase
testos floet, the averare being 3,058,560 particles per cubic foot, About 98% of
trese per<icles ere slightly enguler, round, irensperent in sppeerence wder the
rozizeter zicroscope and two microns or less in site; 273 ere rcund, seni-opaque,
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plate like, five microns or over in size,

Recent investigations have indicated thaet the inhalation of asbestos particles
ten microns or less in size is even more hazardous than was originelly believed, and
that in order to prevent harmful effects concentrations should be kept below five
million perticles (10 microms or less) per cubic foot. The physiclogical effects
have slready been discussed under "ASBESTOSIS" so need no: be given any further con-
sideration. Men handling asbestos float should be reguired to wear approved respi-
rators.

D ~ GROUND MICA: Ground mica (B0 mesh) is used in the manufacture of axle greese.
+ comes irn 100 powmd burlep bags. About fifty pounds of grourd mice is used per
batch and an average of five batches are made per month., The period of expesur:
will not exceed tex minutes & batch., Hendling ground mice produces ar everege of
2,577,120 particles ten microns or less in size, per cubic fool. About 60% of trese
particles are <rensparent irregulaerly sheped scale like in eppearance under the
Konime“er microscope, and five micrors or less in size; sbout 407 are over ten ri-
crons irn size. The trensparent plates have smell lines or fissures end appear to

contain szall air bukttles,

Although ground mica hes never been considered a hazardous dust, scme recent
studies made among the workers in Norik Carolina indicate that continued exposure to
large quentities of ground mice over a period of years will produce & fibrosis. How-
ever, there is very little probatility of any trouble where concentrations are kept
below 10,000,000 particles per cubic foot of &ir and where the exposure to mica dust
is such a small percentage of the employee's working time.

E ~ SULFETE: Sulphur flour is used for sulphurizing cuttizng oils and in the
preparetion of special lubricants for hypold gears. Crude sulphur is used in the
manufacture of sulphuric acid and in the treatment of gasoline exnd naphtha for re-
movel of impurities such as the merceptans.

Sulphur Flour: Sulphur flour comes in paper-lired wocden barrels, 100-pound
cloth bags, or 150-pownd burlap begs. About 25C0 pounds of this sulphur is
dumped into the melting kettle by two men with an average service of twelve
years, once a day. "Their exposure to the dust which results from handling
end duxping the bags, an average of 1,540,608 particles, ten microns or
less, per cubic foot, 1s about fifteen minutes per man per shift onan ave=
rage. No goggles or respirastors are worn. About 80% of the dust particles
in samples taken during the dumping of the sulphur flour were slightly angu-
lar crystalline in appearance under the Konimeter microscope, and five mi-
crons or less iz size; 10% were semi-opaque, rounded, and over five microns
in size. The larger particles appesr to contein small air bubbles, There
were also & number of very small specks,

About 370 pounds of flour sulphur is used per batch in the preparation
of hypoid gear lubricant. Twe batches are made per week on an average,
The exposure to tl.e sulphur dust is only about two hours per week on an
average., Since the sulphur i1s dumped into drums of oil being agitated by
e 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 hed as high as 6,910,080 particles, ten microns or less in size, per
cubic foot., The average was 3,783,552 particles per cubic foot, The dust
particles had the same characteristics as those given in the preceding
paragraph,

Crude Suiphur: Crude sulphur comes in box cars holding abovt 90,000 pounds,
usuelly fror freepors, Texas. Towers are filled with tkis sulphur by four
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men with an average service of eight years. It requires about two hours to
£111 a tower with about 10,000 pounds of crude sulphur. Two towers are charg-
ed every week, Consequently, the men are exposed about four hours a week to
the sulphur dust caused by breeking up the lumps (4,304,640 particles, ten mi-
orons or less, per cubic foot) and shoveling the crude sulphur into the tower
elevator (en everage of 3,357,640 particles per cubic foot). The emount of
dust produced by this operetion is somewhat reduced by the steem turmed 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 Korimeter microscope and five microns
or less in sire; 35% were rounded semi-opague, ten mlcrons or over in size; and
.65 were opague scale like, between five and twelve micrans in size.

Sulphur dust particles are explosive but ctherwise ere not considered hazard-
ous any more than eny of the other "nuisence” dusts, although they will irritate the
mucous merbranes endé the eyes after slight exposure, Consequently, it 1s advis-
atle to weer rubber type goggles and approved respiraters, such as the MSA Camfo

type.

In an article ty Aldo Cestari (Arch. Intern. Pharmacodynamie, 1933, vol. 46,
PP 300-314) it is steted:

"Intratracheal injection of sulfur suspensions brings sbout ex~
cretion of hydrogen sulfide in e period of 50 hours, There are
slight exudetive and infiltrative reactions in the lumgs. It
is supposed that a substance similar to glutathione reduces the
sulfur to hydroger sulfide.”

F « LITEARGE: Litharge is sdded to the Plumbite or "Doctor" Sclution to essist in
the removal of mercaptans, other sulphur compounds snd unsaturated hydrocarbons frox
gasoline and nephthe, From one to five §00-pound drums of litharge are used in a
batch, depending upon the staok to be tremted and the condition of the "Doctor So-
lution". The litharge is removed fram the drum & shovel at a time, and ebout fifteen
minutes are required to dump one batch. A batch is mede once a week on an average,
The average service of the men involved im this operation is seven years., They wear
MSAL Comfo respirators with en epproved 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 averapge dust produced during the dumping or shoveling of litharge into
the solution tank is 3,077,480 particles, ten microns or less in size, per cubic
foot, although there were as high as 9,288,960 particles per cubic foot during the
operation, A rough estimation of this litherge concentration indicates the presence
of from five to fifteen milligrams of lead per ten cubic meters « the smount that an
averege persor dolng moderate work would breathe in one day, This is in excess of
1.5 milligrems in ten cublic meters which is the meximum allowable limit set by the
United States Public Hemlth Service. About BO% of these dust particles were.rounded,
trensparent, orystalline in appearence under the Konimeter microscope, and five mi-
crons or less in size; mbout 15% were over ten microns and appeared to contein small
air bubbles; 5% were dark opeque scale-like, from five to ten microns in si:e,

Yecessary Precautionary Measures When Handling Litharpe, Litharge is a come
pound of leed, and oconsequently there is the possibility of lead poisoning unless &
few simple presautions 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 shoulé be mede to
cause as little dust as possible, Instructions issued by the Medical Department re-
quire that,

t
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"], Yo employee shell handle litherge until he has been examined
and certified as physicelly quelified by the Company Doctor,

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

"3, DRespirators - An approved type of lead dust respirator, proper-
1y adjusted, shall be worn when handling litherge. All respi-
rators shall be thoroughly cleaned with soap and warm water,

"4, Clothize - Unionells, caps or some head covering end gaumtlet
gloves shall be worn when hendling litherge. Upon the camrle-
tion of this operatign tne outer clothing muzt e removed and
plecec in a locker used for this purpose only. Unicnells
should be washed at least once a week,

"E, Bathing end locker fecilities - A comveniently loceted locker
enéd wes h roaom snell be desigrmeted for use of employees hend-
ling litharge., Seperate lockers should be provided for street
clothes, work clothes, and one for Unionalls worn when hend-
lirg litherge. In plants where men are handling litharge
throughout the shift, only two lockers need be provided. The
floors of the locker rooms where the men change their dust
covered Unionells and the benches shall be thoroughly moisten-
ed before being cleaned,

"6, TFersorel cleanliness -~ General personel cleanliness is of first
irportance,

{a) Eands 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 nails so
as to remove any litharge,

(b) Never eat umtil litharge covered clothing hes been removed
and the hands weshed,

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

(d¢) The mouth should be rinsed thoroughly before eating,

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

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

G - SODA ASH: Soda ash (58% Nap0) is used to form & solution for neutralizing acid
0il, Thirty 200-pownd cloth bags of soda ash are dumped into a tank of water per
batech by six men, with en aversge service of five years, froam the General Lebor De-
par<ment; three batches a week, len exposed to dust resulting from operning and
dunping the bazs of soda ash about five hours a week. Eight men spend about half a
dey & month unloasding bags “rom railroad box cars., The men who do the unloeding
wear MSA Confo respirators and are not the same men as those doing the mixing who do
not wear any respirators or goggles. The everage dust produced by the dumping and

'
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mixing operation is 1,003,337 particles, less than tem microns, per cubic foot of
air. These partioles are all slightly angular, crystelline in appearance under the
Konimeter mioroscope and sbout five microns in size. DMany are transparent, gless
like., There are a mumber of smell black specks.

H o TALC or "SOAPSTONE": Pulverired talc or "soapstone" is used as a filler in the
menufacture of "hot neck" greases used in the steel mills, According to R, B, Ladoo
(U,S, Bureeu of Mines Bul, No. 213, 1918) ordinery talc or soapstane is Steatite
(hydrous magnesium silicate - HoMgz($i0z)a)s In the form of powder, the talc is
greyish white, Associate Chemist Frederick Goldmen of the U.S, Bureau of liines, who
mede & chemical snelysis of samples of talc as marketed, reporis:

Silg..vvove.. eevsse 46,04 per cent

Coalivuvnnnanannnces 439 7 "

FECeiivvinrnevenses 28020 " "

Combined Oxides.....15.64 " "
Grease mekers usuelly consider the cocposition of "soapstone" whick they use as ap-
proximetely 907 magnesium silicate and 10% celcium carbonete. It comes irn 90-pound
peper bags, 700 bags to e box car, About 7200 pounds are used per batch and one
betch is mede a day on en average. The “"soapstone" is dumped into the mixing ketile
by two mer with an average service of ten years., This dumping which reguiresabout
an heour per batech is & rather dusty operstion., One sample takern et face level just
after & bag hed been dumped had as high es 22,995,840 particles, ten microns orless
in size, per cubic foot of air, The average dust produced was 12,064,960 dust par=-
ticles per cubic foot. About 98% of these dust particles were transperent, crystal-
line, irregularly shaped pletes and rods, in appearsnce under <the Konimeter micro-
scope. lMost of these particles (mbout 98%.) were five microns or less in size, the
rezeinder being ten microns or over; about 2% were scale-like, semi-opague, five mi-
crons or less in size.

Physiological Effects Produced By Talc Dusts., About two years ago Dr, W. C,
Dreesgen, Passed Assistent Surgeon, and J. M. Dalla Valle, Assistant Sanitary Engi-
reer, United States Public.Health Service, made a study to escertain whether there
is & cozmnection betweexz tale cust exposure ani the relatively high tuberculosis
death rate in Murrey County, Georgla, where two telc mills and mines are located,
They found (Reprint No. 1669 from the Public Health Reports Vol. 50, ¥o, 5, Feb. 1,
1935, pages 131-143):

"Physical and roentgenologic examinstions were made of 66 men and
women who were exposed or had been exposed to telc dust. In the
higher dust groups comprising 33 men, 8 were found to have Pneumo~
conlosis I and B to have Pneumoconiosis II or III, Six of the
thirteen examined were diegnosed as having Pneumoconiosis I. No
edvanced stages of the disease were found im this group. In the
group exposed to low caoncentrations of dust, no Pneumoconiosis

was found,"

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

Iovestigators have suggested, however, that for more or less continuous expo-
sures concentrations of tealc or "socapstone™ dust should not exceed 15,000,000 par-

ticles, ten microms or less in sire, per cubic foot of air,

I - GRAPEITE: Powdered graphite (80% to 857 grevhitic carton and 157 prodbadly
magnesiun silicate) is used in the manufacture of spring and pressure lubricants, It
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comes in metal crums or 100-pound paper lined bags. About 370C pounds of powdered
graphite is used per batch and one batch is made per day on an average, The
graphite is dumped into the mixing kettle by men with an average service of seven
years., This operation requires about forty minutes per betch per man on an aversage,
Three men are usually engaged in this dumping, They wear respirators while hand
ling end dumping grephite, which is not a particulerly dusty operation, The aversage
dust produced is 1,803,080 particles, ten microns or less, per cubic fooct of eir,

411 of these dust particles are rounded or slightly angular, black opegue, amorphous,
sooty or derk grey in eppearance under the Konimeter microscope, axnd three microns
or less in size,

J - SLATT FLOUE: Slete flour (300 mesh) gives rigidity to esphelt on "fast sur-
Taces” such es steep reofs and pipe lines, and prevents its rumming off, It elso
produces cesiredle weathering properties. IMixtures es low as 10 slate flour and
&8s nizh as 407 are used, An averege of two tons of slate flour is used to each
still which evereces about 800 barrels of stear reduced asphalt. Since the slete
flour is introduced by *he use of closed pipe lines and centrifugel pumps, the ozly
dus: produced is that which results during the unloeding of the sacks and cduzping
ther iznto the hoprer. The slate flour comes in SO-pound paper bags, 750 bags to &
railroed box car. Four men with an average service of about a year, opexz the bags
and cdump the slate flour directly into a hopper fram which it is siphoned by cam-
pressed air “c a storege tank holding about 15 tons., About four cerloads a month
are received end an average of abtout 5-1/2 hours is required to unload each car,
About one and three-quarter million pounds were dumped during the last guarter
period. The men wear MSA Comfo respirstors. A screen analysis of this slete flour
showed thet 95.7% passed through a 200 mesh screen and 96. 8% through & 2325 mesh
screen. Due o the fineness of slate flour and its low bulk density (1.04) con=
sideratle dus%t, an average of 12,007,6B0 particles, ten microns or less in size,
per cubic foot of air, end counts as high as 16,538,880 particles per cubic foot,
are produced curing dunping the sacks and filling the storage tank. About 98% of
these dust particles are slightly angular, transparent, crystalline in appearancs
under +he Foniteter microscope, and five microns or less in size; 29 are semi-opaque,
slightly angular, There were a few plate like particles which appeared to contain
smell eir bubbles, and a large number of small black perticles,

A petrogrephic exeminstion made of a slete flowur sample at the United Stetes
Bureau ¢ IMines Lxperiment Station in Pittsburgh, Pennsylvania showed thet it con-
tained more than 1% Quartz (SiC2), 30% Sericite (Kp0-341p0z=6 SiCo-pEz0), 40%
opague anéd 30! five different unidentified constituents, A chemicel analysis of
slate grenules and flour (Jour.Indust.Eyg Vol.XV,,No,2,Mar,1932,p.67) reports these
constituents:

Silicon Dioxide v.eeeeee58.27% Magnesium Oxides....... 2. 2150
Titenium Dioxide........ O 997 Potassium Oxide........3, 75%
Aluminum Cxide,.........18.81% Sodium Oxide...........21, 88%
Ferric Oxide......... ... L0129 Water below 110°C, ....0.327%
Ferrous Oxide ,........ . B8.58% "  gbove " ......3.98%
Menaganous Oxide,....... 0.13% Phosphoric Oxide.......0.11%
Calcium Oxide.........., 0.42% Carbon Dioxdde.........0,21%
Barium Oxide€,........... O.05% Ferric Sulphide........0.15%

Specific Gravity ~ 2,795

"The silicon found, though expressed in the chemical anelysis as
silicon dioxdide, is not differentiated chemically as tc the
forms present in +he original minerels, whether free silica or
silicate.”

EM00154¢

(O O O O o o O o O O O O N L

nn_n_.n.



Y Um Uy Ul Al U W U e U U W U U o U un w ud B B U U U ) wee wes

57

Lffect of Slate Flour on The Lungs ~ In his paper "Effects of Certain Slllcate
Dusts in the Lungs" read before the Industriel Hygieme Section of the American Public
Sealth Asscociation et Washingtom, D.C. on October 27, 1932, Dr. Waldemar C, Dreessen
of +he Unitecd States Public Hemlth Service, reporting the results of his studies of

workers exposed to slate dust, wrote:

Yof +the 48 cases of pneumoconiosis observed, all were in the first
stege except 5 cases. In generel, the pneumoconiosis observed in
<he early or first stage cases resembled that induced by cement
dust. The bronchial striamtions, however, were somewhe® more promi-
rert. There was always a moderate bilaterel increase in the size
end density of the hilar shacdows with eccemtuetiors of bronehial
strietions which extended well out into each lung field. The
lineer sirietions seemed "scfter" in appearasnce cz lacked some of
the sharpness of detail which is usuelly otserved in the Xerays of
indivicduels who have inheled silicae dust, This diffuse, fire
generelized fitrosis wes chiefly confined to the lower two-thirds

of the lung fields,

"Ir. the second stage ar incressed prorminence of the ebove mentions
ed crerecteristics was present with the eppeerence of fleke like,
daroled erees of increaseé dernsity in doth lung fields., In the
trniré stage these dappled ereas seemed to conglomerste, ancd in this

wa-al

merner geve way to messive, clouded erees of increased density,"

. Treeszen found that although the silicate dusis of slate "induce & line diffuse,
la erel fitrosis of the lungs which is definitely demonsireble ir the Xawray"

rkers exposed to slate dust do not begin to show definite first stage preuwmoconio-
s wntil e™er more than ter years'! exposure. FEe did not find any evidence that

€

resultent pneuwmoconiosis had led to disability.

i = GRIDING DERRIS ROCT: Derris roct is used in the menufacture of insecticides,
Tt comes in 500-pound bales from the Dutch East Indies, In order to reduce dust,
the baeles are thoroughly wetted with white oil, The root is ground at the rate of
£30 poumds an hour to pass through e 2/8"-screen., One man with three years! service
is exposed toc an average dust concentration of 1,604,800 perticles, ten microns or
less, per cutic foot of air. About BO% of these dust particles are rather round,
crystall:ne in esppearance under the Konimeter microscope, and sbout five microns

in size; 20% are sharply snguler, five microms or less in size, The particles ap-
peer *¢ De more inorgeanic <then orgenic in character., Evidently the lighter root
dust particles ere either lerger then 30 microns end were, therefore, filtered out
by the Konimeter filter or were cerried out by the exhaust ventilation, thus leaving
the dirt or soil which had adhered to the roots. The grinder is located in s small
roon viell ventilated by means of a 30~inch motor-driven fen. This expleins the low
dust concentration in the samples teken during the grinding operation. The operator
weers rubter gloves, cover-alls, end is provided with & fresh air hose type of mask
while grinding,

To what Extent is Derris Toxic? According to recent studies by the United
States Lepartment of Agriculture (Indust., & Eng. Chem. Vol. 28, No,7, July 1936,
pps. 815-821) Derris is & possible health hazard to those engaged in milling, grlnd-
ing, and ¢iluting it (Derris) without the use of suitable protective measures,
“rarmecologicel studies show that Derris end its water extracts affect the respira-
tory center which is initially stimulated and then, efter fatal doses, completely
Cepressed, with deeth resulting., Derris dust when applied to the armpits was also
foumi <o t"ovoke & "rmild evanescent irritation,”

TYRLTERUL TLOUINS:  Fyrethrun flowe;s ere arn importent source of cne
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of the essential ingredients of insecticides. They come from Japan in mat covered
bales wéighing about 450 pounds. On &n averagze, 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 2,032,040 particles, ten microns or less, per cubic
foot of air. About 857 of these particles are angular, crystalline in appearance
under the Xonimeter microscope, and three microens or less in size; sbout 15% are
flat rouxnd particles and discs and shreds, ten microns or less. The crystalline -
sppearing dust probably originates from the soil which has blown on the flowers or
plants, Ore man is exposed per shift for about four hours & day during & nine month
period. He wears & Willson dust respirator. The grinder is enclosed in a metal
housing connected bty a fourteen~inch duct to & sixteen-inch motor driven erhaust fen,

Pyrethrun dust seems to irritete the skin of scme incdividuzls and not effect
others ir the leest; as & metter of fact it ceuses an sllergic type of reection ic
some indivicduels to such an extent that it is inadvisable for suchk persons to work
in pyrezhrum dust,

M - MIXIUS AYD BACHING VFLIT" POWDER: "Flit" powder is & mixture of pulverized
derris rost, pyrethrum {lowers and otner ingredients, It is mixed in & special
roox provided with exhaust ventilation bty & men weering & respirator, The dustiest
part of +this operation is sifting the pulverized derris and pyrethrum which produces
an averace of 8,722,560 particles, ten microns or less, per cutic foot of air,

About 95% of these dust particles are angular, crystalline in appearance under the
¥orimeter microscope, and sbout three microns in size; sbout 57 are less crystelline
and more opague, five microns or less in size, :

Tillirg Cans: Three-quarter and two and one-quarter ounce tin cans are fill-
ed by autcmatic machines. the filler ends of which are enclosed ir & metal housing
with a four-inch exhaust duct to & fourteen-inch motor-driven fazn. That this ex-
haus< arrezgement is fairly effective is shown by an everage dust concentration in
samples taken at face level of the operator during the £illing operation of
1,755,840 particles, ten microns or less, per cubic foot of air, The girl at the
Sealer weers a bag-type dust respirator,

VIII - CLEANING TUBES AND DRUMS CONTENTS

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

I. = CRACHITZ CCIL SCAKIUG DRUNS: Crecking coil soaking drums "coke~up" about
once a month, so that in meny cases they are almost completely filled with the ex-
ceptien of an opening down through the center no greater than {twelve inches in diam-
eter. A%t most plants, this coke is removed by a special machine; at the others, men
with ean 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 Fahrenheit, Tach man works helf an hour inside and is then
relieved for ambout an hour. On an averapre. each man works about two and & halfl hours
per shift, two shifts e week. A "bgetswain” chair is used to get in and out of the
édriuw=. They wear "hardboiled” hats and life-belts, Excellent ventilatiorn is provided
by & stean or an air syphon placed in the bettom manhole of the drue, as a result of
wnich samples zaken at face level of men during the operation of the pneumetic chisel
fed en averare of only 211,520 cust perticles, ten microns or less, per cubic foot of
eir. Atout 605 of <rnese particles were sherrly angular, crystalline in sppearance
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under the Xonimeter microscope, and about five microns or less in site; 35% were
round, sexzi-opague. crystalline, about ten microns or over; and ebout 5% were small
black perticles, There were elso a few bleck scale-like particles over ten microns
in size. The major portion of this dust is probably coke or carbon and the scele-
like particles are, no doubt, metel from the sides of the drum or fram the chisel.

II, - CRACEING COIL TUBIS: There are 183 tubes in & high pressure cracking
coil unit., After running from twenty to twenty-five days, depending upon the cher-
ecter of the stock being run, the temperature and pressure, the petrcleum coke which
is deposited on the tubes must be removed. Liberty air-driven tube cleaners with
cone and star cutters opersted by men with en average service of six yeers are used
for this purpose. The men work iz gangs of six to eight erd are exposed to dust
ebowt £ix hours every *two shifts on an averace, They wear reither gogzles mor respi-
retors . elthough & dust semvle tekep immediamtely elter revewsing the cleening
machine wnile in a tube conteined as high as 3,062,400 particles, ten microns or
less in size, per cutic foct, About 20% of these dust perticles are black, opague
in eppesrence wnder the HKonimeter microscope, end two microns or less in size; 407
ere enguler, transperent, plate-like, ten microms or larger; end 30% are engular,
trensperent crystelline, five microns or less in size,

Semples teken on the Cleening Flatform while cleaning Crecking Coil Furnace
tubes mt & lorthern refinery had an averasgze of 113,280 perticles per cubic foot.
Uinety-eight per cent, of these cust particles were rounded crystallire irn eppearance
unser the microscope and five microzms or less ir size, Semples tekern ir the passage—
vier beck of the furnece while %ubes were being cleaned hed as high as 1,07¢,160
erticles, tez microns or less in size, per cubic foot of eir. This ind*c&tes thet

the nen in the passagewey, beck ol the furnece are exvosed to more dust thar those
om. the cleening platform,

IZZ, ~ WATZR HLATZRS AMND BCUILER TUSZS: Tubes end heeders are cleaned twioe
e year ty means of air-driven turbines, It hes been found that cleaning can be doxe
more effectively if dome dry rather than wet because the cdust cen be blown out, 1If
vater were used, the loosened meteriel would soon Jorm a paste which-would be smear~
ed back on the tubes by the mction of the clearing turbine. Regardless of the dust
wnich is produced in concentrations as hnigh as 30,258,040 particles, ten microns or
less in size per cubic foot of mir, worknmen prefer working ir dry druss rether than
in wet ones. CIight mern (two on each turbine) are engeged in +his cleening operation
which reguires about twelve days & year, DMen with en average service of fifteen yeers
ere a351gne~ to this jot fram the Lebor Department, The terperature inside of the
¢rums or headers is about 70 degrees Fahrenneit, In mecorcdance with the usual prac-
tice, men operating <he turbines, inside the drum or header, work about ten minutes
encé are relieved *cr ten minutes by their co-workers who assist in handling the air
hose in end out of the drum marhole. Respirators have beer provided in most cases
tut are not always worn, The average dust produced while cleaning water-headers and
toiler tubes in samples teken from:

Lower FPlatform, Front Water Header................1B,306,048 part, per cu %,
In #2 Drum While Cleening ‘mter Wall and Tubes.... 5,664,000 " noon
Inside Manhole Drum #3 While Zeing Cleaned........28,320,000 " non

About 40 of the dust perticles in the samples teken on the lower front water-header
pla.-crm wnile header was being cleaned, were rounded, derk red in appearence under
the Konimeter microscope, and about iwo microns in size; 507 were opague, more or
less angular and about five microns in size; 107 were crystalline, slightly anguler,
end over <en microns in size, Atout 65% of the particles in the sample taken inside
‘2 érum during clearnin- were zlack, opeque, engular, less than two microns In size;
end ebout 157 were round. more cor less opagzue, over %en microms., The concentration
o cust INSIII the drum duriny clesning eppeers to decreese with the distence from
'
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the manhole as is demonstrated by these counts in samﬁles from Drum #2 (Riley Boil-
er)t

Location Particles per cu. ft.

Inside Manhole.iseeeeeoioeosecstesorescccocsronrsensnansensasnse 19,257,600

About B ft. INEide DIl .eeoeeeeeeressoascsonansannnnnns weeeeses 4,078,080
L n N eeeasenonosteoncesasonasananananss 2,2585,60C
n a3g " " it ieteveracasrersesansssassenaenaeass 1,585,920
noo2g M n Bttt enereseenononsssanaascasenonsanes .. 1,132,80C

The dust particles from inside the drum arpear black, angular and were less than two
cicroas in size, The dust from these clearing operations are supposed to be largely
the results of metel corrosion and sediment (largely Caleium Carbonete and Calcium
Thosphate) deposited by the treeted Boiler Feed Water, A peirographic examinetion
of & sample of dust from the Frornt Water Wall Header wes made by the United Stetes
Bureau of Mizes Experiment Stetion at Pitisburgh, Pennsylvarie, who reported:

Quartz (8i0p)..cvvn.-. cerrenas tivieeses 1 per cent,
Opague or Coated with Opague Meverial.. 90 " "
Uzidentified Clay-like.co.eveeeinonnnses g " "

According to & chemicel analysis of this seme material mede by & regular re-
firery chemist using the method of Adolph Knopf, U.S.Public Health Service, the dust
contained:

Free SilicBiueeeceneorrnnesns Ceieriaaas 0. 70 per cent.
Combined SilicBiiiereeseserennvaneorsaadl, 01 00

i 1thovgh the analysis of the dust shows a low free silica content, the high
dust concentratiors foumd and the pessibility that at times such concentrations may
be higher thar these found, demonstrate the desirability of weering respirators re-
gardless of the kind of dust encountered,

IX - FOUNDRY OPERATIONS

During recert years ccnsideratle attention has been focused upon the heelth of
foundry workers by the operation of the so-callod "Silicosis Racket" which has ex-
tracted large sums of money from the Foundry Industry. It is difficult to isolate
this type of work which gives rise to & very general exposure to dus* which may in-
volve all workers employed in the foundry., In meny cases the worker is in such close
cortect with the duty etmosphere as to cause serious exposure, UMNuch progress-has
teen mace in reducing the dustiness of our fouudry operations and plans are now being
considered which will further safeguard our foundry workers. The following is &
brief outline of foundry dust producing operations:

A, - POURING MOLTEN METAL INTC 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 & half hours pouring and six and a helf hours moulding per day, five
days a week., Goggles, asbestos leggings and congress-type shoes are worn by the men
heandling the molter metal., About 60% of the moulding send, which is the principal
source of dust, is free silica (Si0pz). During the pouring operation the foundry air
appears to be full of dust end smoke, however, samrples taken during this work aver-
aged only 396,480 particles ter microns or less in size per cubic foot of air, Prac-
tically a1l of these dust perticles appeared angular, crystalline under the Korimeter
microscope and were about two microns or less in size,

A sample of dust frem the top of the crarne rail over the moulding floor was
t
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given a petrographic examination by the U, S.Bureau of Mines Experimgnt Station in
Pittsburgh, Pennsylvania who reported 50% quartz (Si0s); 15% Clay Mineral not com-
pletely identified. Kaclinmite is Alp0z.25i0p. 2Hp0; 5% Calcite (CaCO3 ) and 30%
Opegue,

R, « "SEAEING OUT" CASTINGS - After pouring, the castings are allowed to
cool, then the moulds are liberally sprinkled with waeter from & hose, The bands or
clemps are removed and the flesk is throvn over and broken open. The rough cestings
ere pulled out, piled up end trucked to the Clearing Room. "Shaking Out" is con-
sidered one of the serious occupetional disease hazards encountered ir industry and
the dusties® operation in founderies but due to the thorough welting eand careful
heméling by the mern, samples taken during the operation had an average of only
858,230 cust perticles ter mierons or less per cubic foct of eir, The irpizger
method would no doubt reveal much higher coumts. About 88% of <the dust particles
were slightly enpular crystalline in appearsnce under the Kanimeter microscope and
were one ricron or less in size., "Shakins Out" is rather hot work, the mer per=-
spire “reelv so thet it would be ¢iffjcult to enforce the wearing of goggles end res-
pirators. Twelve men with en everege service of eight years work oz this job, eight
roours per shift, five shifis per week,

Lf%er +he castings have been removed the moulding sand is agein wetted and

v worked over with e motor-driven send cutter which is & series of revolv-
des, similar <o those on a lewn mower, operated bty an electiric motor, mounted

ubber-tired four-wheeled carriege vrich moves back and forth over the moulding
Moor. lioisture tests are mede and when these tests indicate 4.6 o 5.6 moisture

the sand is considered ready for the moulders. During the operatiorn of this sand cub-
“er, the opere=zor is exposed to an average cdust concentration of 1,829,280 perticles
ter microns or less per cubic foot. These particles were less then twc microns and

vere slightly enguler crys<elline in appeerance wnder the Konimeter microscope,

C. = CLEANING CASTINGS « Various methods are used to cleer cestings depend-
ing on tneir size and shape, All of these methods produce more or less dust same of
vwnich carn be teken care of by exhaust ventiletions, others cannot. The methods most

{(a) Preliminary Cleaning - Castings are brought from the moulding flocr during
the night and devosited in *he Cleaning Room. The following morzning the cores are
knocked ouwt, the sprues and cates are broken off and some scratch cleaning is done,
Tris work produces consideratle dust especislly whern the sapd and old cores are
shovelled *through the .reting intc the car or bucket below (3,455,040 particles ten
rmicrons or less per cubic foot of air), Under the Konimeter microscope about 70% of
the dust particles msprear anguler, crystalline, three microns or less in size; 20%
were rounded crystalline, five microns in size and about 5% were scale-like semi-
opague with a reddish-brown tinge and over ten microns in size. Pulmosar Respirators
have been provided but ere not alweys worn by men doing this work., NO attempt has
teen mede to control dust from preliminary cleaning elthough some study has been
civer to the provision of & special air-tight rooxr with a grating flocr and s hopper
underneath with & screw conveycr at the bottom to convey the cebris to the disposal
car or bucket and thus eliminate the dust-producingc shovelling and handling, Under
this plan exheauct ducts with a series of outlets around the top of the hopper carry
off the dust, Air is also introcuced into the room about & men's breathing level and
the amount of air +teken out is reater then the+ introduced so that a negative pres-
sure i1s meintained end a complete air change is made adbout every three minutes,

() Tumblest - The Tumblast is a machine which cambines tumbling with eir blast-
From 400 to 1500 powurds of castings sre put into s drum which revolves about
Trhey run from sbout 20 minutes to four hours, depending upon the type of
cleenliness reguired, wrile the castings are being tuntled 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 end a half hours per man per day, five
days s week, Pulmosan Dust respirstors are provided but are not always worm. A
ten-inch exhaust pipe has been installed at the top of the machine and & six-inch
exhaust pipe over the screen. The suction on these exhaust pipes is said to be
abouvt 2-1/2 inches wa*er. 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 meesures which have been provided are getting results
although there is still room for improvement. About 987 of the dust particles ap-
pear quartz-like umder the Korimeter microscope; about 60% are five microns or less
ir size and ere angular crystalline in appearance; 407 are ten microns or over in
size, an3 rether rounded in eppesrance, There zre elso & large nutker ol ziznute blaeck
me<allic specks entirely toc small end numerous to count accurately,

(¢) Slv Twzbling Mill - Clemrns brass cestings by a combination of tumbling end
air-blasting with ;3 Sand Blest Sand end 85 pounds per square inch eir pressure, The
Mill holds from 100 to 150C pounds of castings and cleans five loads a cay., Two men,
with an average service of 15 years, operete this mill whick runs about five hours &
éay. They wear Pulmosen Dust respiretors and -oggles when opening the mechine. This
17111 is hooded with mn 8~ipch erhaust pipe having & 2-inch water suction. also &
10-inch exhausi pipe over the sand screen at the rear of the machine. Sanmples of
dus® taken cduring the operaticn of the Sly Tumbling INill had as high as 2,492,160
particles ten microns or less in size per cubic foot of air and an everage of
1,393,344 perticles per cubic foot, About 90% of these dust particles were rounded
crystalline in appeearance under the Konimeter microscope and two microns or less in
size; 5% were black, opaque scale-like and 5% were rounded erystalline about five
microns in size,

(@) Tuztling Berrels - 36" x 42" Whiting Tumtling Barrels remove sand fromeaste
ings. They hold from 1200 to 1500 pounds of castings per load and revelve at 10 RFIL
The cestings are tumtled about two hours with about 70C poumds of one-inch unenneal-
ed cest malleable iron stars and jacks. An exhaust system with a 6-inch pipe through
+he trumnion having a suction of 1-1/4 inches water, This suciion has been found in-
edeguete to give the desired results consequently the suction is to be increased to
4-inches weter., Samples teken during the operation of the Tumtling Barrels had an
average of 1,348,032 dust particles ten microns or less in size per cubic foct of
air, Abovt 907 of these particles were anguler crystalline in appearance under the
Konimeter liicroscore and three microns or less in size; about 10% were rounded semi-
crystalline, ten microns in size, There were also a few triangular-shaped opagque
metallic particles. Three men, with an average service of twelve years, operate
“hese iumbling barrels eight hours & shift, five shifts a week. Pulmosan Dust Proof
respirators and goggles have been provided but are not always worm.

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

(e) Air-Blestirg -~ Castings which cannot be tumbled due to their size and fra=-
gility are clemned bty air-blesting (85 pounds per square inch) with mixture of ap-
proximetely half and half sand and 740 Steel Grit., Syracuse Core sand is used when
& special finish is desired. There ere three men, with en average service ol three
years, on *this jot who work 45 minutes of every hour, eight hours & shift, for one
week ouvt of three weeks. This work is done in a specidl <ight air conditioned room
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while wearing a Sly Sand-blast Helmet supplied with outside fresh air provided by &
special blower used for that purpose only. Samples teken inside the room while =
casting was being air-blasted had an average of 3,738,240 dust particles ten microms
or less per cubic foot of air. About 80%Z o these dust particles were sharply angu-
lar crystalline in appearance under the Konimeter microscope and three microns or

less in size; 20% were rounded guartz-like crystals about ten microns in size, There
were alsc a few ruste-like scales and a large number of bleck metellic particles too
minute and too numerous to be counted accurately. The silicosis hezard of this opera-
tion could be greatly reduced by the use of steel ebrasives exclusively.

(f) Rougk Sneggineg Wheels - These machines are used for removing projections
such as sprues, parts ené gates frox castings, There are two types ol these wheels:
the DOURLE IND using either 18-1/2" x 3" Cerborundum and Vitrified or 24" x 2.1/2"
jedmenol (Zekellte bownd) VWheels; end the ECRIZONTAL DISC Grinder heving e 50"
diameter vitrified wheel, These wheels are used by seven mern having an everage
service of nine hours per shift, five shifts per week. CEach wheel i1s hooded and hes
a four-irch suction pipe. There is ar eighi-inch suction pipe on the Horizonmtel
Grinder, Goggles and respirators are provided but the latter ere zot always worn
with the exception of the men on the Horizantal Grinders. Viirilied wneels are rum
et & slower speed (1800 RPM) thern thre Bakelite Bound Wheels which operefe &t 3400
RPY, Semples taken during the operation of the Rough Shagging Wheels hac the fol-
lowing dust concentrations,

Doutle Ind Snegeing Wheels:

Average Dust from Vitrified Wheels.....v..... 3,653,280 particles per cubic foot
" " " Carborundum " ........... 3,322,820 " " " "
" " " Bakelite Bouwnd wheels...... 2,662,080 n n n u

Borizontel Disc Grinder:

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

The averasge dust produced by &1l the Rough Snagging Wheels was 2,322,820 perticles,
tern microns or less in size, per cubic foot of air,

About BO% of the dust particles from the vitrified wheels appeered black engu-
lar opegque under the Fonimeter microscope and two micrens or less in size; 20% en-
gulaer crystelline -ebout one micron or less. There were also e lerge number of black
minute particles too small and numerovs to cowrt. The dust particles from the Hori-
zontel (Vitrified) wheel were approximately 90% angular, crystalline and 10%-black
opague, All of these particles were about two microns or less in size, About 607
ol the dust particles from the Bekelite bound wheel were black anguler two microns
or less in size; 25% were angular crystalline, less thar one micron in size and about

5% were rounded crystalline about five microns in size,

(g) Tine Smageing and Polishing Wheels - These wheels grind off smell projec-
tions and remove rust from stock which has been in storage. There are three types:

DOUELE 4" x» 14" POLISHING EMERY WHELLS « Wheels after being made up are dipped in

glue and then rolled in Aluwndum Grinding Grain, sizes 60, 80 and 120 mesh., DOUBLE
DISC GRIMDERS - 36" discs covered with 346 Cast Iron Grain or Silicon Cerbide {an
electric furnace product) and WIRZ SCRATCE BRUSHES « made up with four 12" sections.
Exraust hoods with & suction of from three to five inches water, have been installed
on the Polishing wWheels and Disc Grinders, There is NO hood on the Vire Scratch
Erushes, These wheels are used by four men with an average service of two yeers. They
wear cogzles and gloves but no respiretors, Samples teken et foce level curing the
operatlorn ¢ <his eguipment hed <he following average cust concerntretions:
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Dus‘ Produced by 36" Disc Grinder............ 1,416,000 particles per cublc foot
" " 12" Wire Seretch Brush...... 736,320 "
" " " 4" x 14" Polishingz Wheels.. 481,440 " " " "

These comperetively low dust cownts indicate thet the dust control measwres which
have beer provided are either ef“ective or the cdust particles produced are over 30
cicrons in size ené were thus filtered out by the Konimeter filter, Under the mi-
croscope dus* particles from the Folishing Wneels appeared all rowmd crystalline and
about one micron in size, About 405 of the dus: particles produced by the Double
Dise Grincer were sherply anculer, opague ebout three microns or less in size; 607
were less mngular crystalline about one micron iz size., The dust particles produced
by the hire Sc a=ch Brush were all rounded, crystalline and about one micron in si:ze,
Trere were no retellic perticles iz any ¢l the semples examined, Few exhnust hoods
rave been instelled on Wire Scratch Brushes beceuse it hes been generelly essumed
thet these b“rushes ¢ié not produce arny dust., This essumption, however, is untrue as
ne semple frox e wire brush et s Southern Relinery had as high as 6,683,520 per=
ticles ten rmicrons or less per cubic fooz of eir,

(h) Come Grinding Wheels - These wheels are operated with compressed air end
are used to co miscellaneous grinding on castings by four men, with an average ser-
vice of <welve yvears, ebout two hours & day on an aversge. The cones are 5-1/2”
3-1/2" vitrified and produce an average cust of 1,859,120 partlcles ten microns or
less per cutic foot of air, About 80% of these perticles ere sharp engular crystal=
line, 1In eprearence under *‘he Konimeter microscope they ere five ricrons or less in
size; 20% are round opaque dbut non-metallic in appesrence end five rmicrons or over
in size. There ere no hoods over these wheels and the operators wear no respirators,

ivereze Dusziness of Cleaning Rocm Alr - A series of five semples were

<eker tetween 5:30 enc G:40 AlL. to determire the averace smount of dust in the eir
oI tre cleening rosm while the various cleanin: ope*ations were in full blast,  An-
other series of five samples were teken about 3:3C P15, in the afternoon after the
room hac been ziven its reguler clean-up. There was gquite a difference In the emount
ol dust in *the sair during the morzing (2,16€,480 particles ter microns or less per

utic foot of eir) ané during %he afternocn toward the close of the shift (338,272
perticles per cutic “cot). About 95% of the cus= parificles in the evening semples
viere arnguler crystalline in appearance and ebout two microns in size, There were a
few lerge semi-opague or scale-like particles ebout 20 microns in size. About 98%
ol the cust particles in the morning samples were angular crysteslline two microns or
less in size and mtout 277 were round, crysteliine over five microns in size,

A sexple of dust from top of one of the larger Exhaust Ducts in the center
of the cleanin; room was given a petrogreptic examination by the U,S,Bureau of Mines
Zxperiment Station at Fitisburgh, Pennsylvarnie and found to contain 405 Quartz
(5i0p), 20% Clay Mineral not completely identified; 403 opagque.

D¢ « CORT MAKING = A large mumber 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
operation of thic machine:

) Shovelling Send to £ill the Machine Hopper..1,019,520 perticles per cublc foot
) Elowinz OUL COrEmbUXeSearnarvsetnsercanneaes 736,320 " K
) Zlowinz serd into the Core-liouldSeev..se.... 755,200 " " " "

About S8/ of the dust particles fram blowing out the core boxes are dark,
cpegue in eprearence ond about one micron in size, The dust per+ticles f{rom tlowing
e

=g Inte whe core moulis ore anzular crys=ellire less then one ricron in size.
'
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Cores are “gmoothed up" after being baked in the core over by scratching
£f the rough edges with an old hacksaw blade. This operation procuces an average of
906,240 dust particles ten microns or less in size per cubic foot of air. About 98%
of these perticles are angular, crystalline in appearance wmder the Konimeter mi-
croscope and are less than one micron in size.

E, - SEPARATION OF BRASS FOUNDRY SKIMMINGS = A Steinlein Seperator, revolv-
ing sbout 25 RPI, separates brass from about 100 pounds of skimmings an hour. The
separator hes a 4-inch exhaust duct to & l2-inch fen which produces a suction of
ebout four inches weter. Samples taken during the operation of this machine had an
everaze of 1,2%1,920 perticles tex microns or less per cubic foot of eir, About 954
of the cdust perticles in samples taken ambove the charging chute eppeared opague
e-riler “lack ir color under the Konimeter microscope and were less than one micron
ix size, ' "abdbut 80% of the dust perticies in samples from the truntion were more
crystalline an? rounded in eppeerence end less then one micren in size, This was
elso true of %re samples teker in front of the machine where the slag crops dovz into
e bucket; The dus~ perticles in samples from the metal being discherged fram the
rechrine were sbout 50/ metallic in appearance sbout 50% angulsr crystelline, Both
crvstelline encd opzque particles were abovt two microns or less iz size, Six men,

etouwt two hours per dey on sn sverage,
X - MASON’S OPERATIONS

I. = TZAZINZ CUT STILL FIEI BCYXES - Two men with an eversge service of ten
veers, spend itwo days & month on an averege teering out slag-covered bottoms of crack-
ing coil furnece fire boxes. Temperature inside fire box is ebout 8597, The bot-
zoms which ere composed of fire brick are broken up with "Bull Peint" Pneumatic
cnisels, Sexples teken inside the fire box while this work was ir progress had dust
concentrations as high ms 1,018,520 particles ten microns or less per cubic foot of
eir, These particles were glessy sharply crystelline in eppeerence under the Koni-
nmeter microscope, About 907 were five microms or less in size and 103 were over ten
microns. The larger particles were semi-opague. There were also e large number of
rommé black opague particles about one micron or less in size. Tter the bottoms
ned been broken up by the poeumatic chisels they are shovelled out through the fire-
tox door and thern reshovelled into trucks to be heuled eway., This operstion natursl-
1y produces more dus: than the breaking up inside the fire box, Although no wind was
tlcwing semples taken at face level during the shovelling and losding had dust con-
entretions &s high as 2,435,520 particles ten microns or less per cubic foot of air
nZ an average of 1,345,200, Goggles but no respirators were worn by the workmen,

[e]

{4

I1. - CEIPFING OR CUTTING CCNCRETE - A large number of employees with an
average service of three years, spend st least ten per cent, of their time dismant-
lirg 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.
Semmples teken during the cutting or chipping of concrete had as high as 6,810,080
particles ten microns or less in size per cubic foot end & general average of
1.591,051 perticles 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
5 over ten microns in size, In many cases neither goggles or respirators were worn
ty the viorkmer. 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
usuel agsregate used in concrete,

T tricks in walls of stru reparatory to weather-proofingise

IN5 MORTAR FROL BETVWIIN! BRICK - Chipping Mortar with preumatic
cTure
operetion, Samples <eken

EM001558%



~66~ !

as “i.n as 20,958,800 perticles ten microns or less per cubic foot of air and a
generel averare of 13,548,480 particles per cubic foot. All of these particles were
anculer crystellize in appearance under the Yonimeter microscope and about six mi-
crons or less in size, There were also a countless numder of minute reddishegray
particles. This work was done by en outside contractor whose employees wore goggles

P Y

but no dus< respirators.

IV, - CRUSEING FIRE BRICK - Fire bricks are crushed in a belt-driven Williems
or a Motor-driven Sturtevent Brick Crusher so that 80% will pess through a 3/8" or e
15C-nesh screen - much of it is powdered during the crushing. This meterial is then
pixed with “ire clay, crushed asbestos and cement to make "Ganister" which is used in

- aa
tube sheet lininegs. packings or as mortar in btullding fire boxes of furmeces.

Samples tekexn cdurinz the crushing ol Tire brick hed dust concentrstions es high es

PRI

11,554,580 par<icles ten microns or less in size per cubic foot end & gzeneral averesge -

PR R
o2 2,562,950 particles per cutic foot. Crushing new fire brick produces asbout six
times es meny dust particles (4,375,733 per cubic foot) as is produced when crushing
0ld. usec fire =rick (736,320 particles per cubic foot)., Under the korimeter mi-
croscope ebowt 94% of the dus* perticles produced by crushing new fire brick appear
enguler crysialline, one micron or less in size; about 5% are opacue over ten mi-
crons and ebout 1% are dark opague, scale-like about five microms in size. The dust
perzicles from crushing old used fire brick are more rounded crystalline in appearance
and are about five microns or less in size, An apalysis of Alamo Fire-cley Brick,
whienh is commonly used and was the new unused fire trick being crushed at the time
our semples were taken, supplied by the menufecturers (Earbison-Walker Refractories
Compezy) reports: :

SilicB.c.eveevecssnceeeess ©0l.8 per cent.
Alumina and Titanie....... 45.4 " "
Ferric Cxid€.ceveieorcaces L1 " "
Lime, i ereverceronasnanss 0.5 " "
MegnesiB....ooveerveeennns 0.3
Alkelies. ... viiiiinianee .1 " "

Fire trick is crushed by two men essigned from the Labor Department, the aver-
age service of these men 1s about 14 years, Two to three tons are crushed per day.
The tozal length of exposure per month depends upon the demand for crushed fire
orick anf will vary from & general average of fifteen hours per man per month to as
much es twelTe hours & week, Goggles and M, S.A.Camfo dust respirators are worr,

Ve = SELFIIG TIRE BRICK ON IXERY WEEEL - Fire brick are ground to a specified
shape and size on & 2" x 24" Carborundum (Grit 16, Grade 1, Bond 6C) Wheel which re-
volves 200 RFX, This wheel is almost completely enclosed by e hood which has e 4
inch cuct to & 24-inch motor-driven fan operating et 1750 RPM., but this exhaust is
evidently inaleguete as semples teken 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 eir. The general average was 2,001,658 particles per
cutic Toot. All of these dust particles were slightly angular end slightly opaque in
eppearence under the microscope and five microns or less in size. One man wearing
rorgles and a I.L S.A., Comfo respirator, with sbout 15 years service, spends an average
of ebout two ceys e month shaping fire brick and blocks on this wheel.

VI. = 2ISIANTLING FASCIRY - Dismantling Masonry structures such as old boiler
and ctill set<inzs is & very dusty operation but was not included in this dust study
es toere ves no work of this type in progress et any of the plants et 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 maintenmance work, These woodworking
operations produce more or less dust which is largely organic and although it may
have some spores and hate an sllergic effect on some individuals, it is not consider-
ed harm™l, Mr. D. Earrington of the U.S.Bureau of Mines advises thaet the U, S. De-
parment of Lator in a recent bulletin indicete that workers breathing wood dust are
far more definitely afflicted with tuberculosis than the general run of industriel
workers. In large quantities, however, woocd dust belongs ir the "nuisance” cless end
mey also be an explosion hazard

A, = BCX 5EOCL MANUFACTIURE - All pine lumber used in the manuizczure of box
shooks is "kiln-dried" and all gum lumber is "air-dried". Mexn work eight hours e
srift, five shifts & week,

{a) Resawing - Band saws, twenty-five feet four inches in circumference, re-
sew four-quarter and five-guarter lumber into 3/6-inch and 1/2-ineh shooks respec-
+ively., Samples teken during this resawing hacd an everage cdust concentration of
155,760 particles ten microns or less per cubic foct of eir when sawing pine and
9cs,864 particles per cubic foot when sawing gum. These low counts indicate that
the exhaust and dust collecting system which hes beer provided is functioning. This
exheust system includes hoods over each saw with B-inch ducts to a belt driven fen
with five-foot bledes revolving 3500 RPM., About 605 of the cdust pariticles in semples
teken while resawirng pine were crystelline, rather gless-like in appesrance - probe-
8tly resin - under the Konimeter microscope end over tem microans in size; 40% were
rouzdé with rough edges grey and opegue, five microns or less in size. About 80% of
<he dust particles from cutting gur lumber were round crystalliine semi-opegue in ap-
peersnce, live microns or less in size; 20 were gver five microns in size. Gum lum=-
ter is resawed only mbout four deys a month

(b) Ripsawing - Rip saws. 14 inches in diameter cut ends from four-quarter
zaz lumber, An exnsust system has been provided with m hood over each saw and four
inch metal ducts to & belt-driven fan with six-foot blades revolving 3500 RFM. Semples
teken during this operation hacd an average dust concentration of 16¢,920 particles
tez microns or less per cubic foot of air. All of these particles were angular crys-
telline semi-opague in appearance wmder the Konimeter microscope and sbout three mi-
crons in sizs,

(c) Cut-Off Sawing - Saw four-quarter lumber to meke box ends, About 857 of
the time gum lumber is sawed, end 15% pine lumber is sawed, Semples taken while saw-
ing gum lumber had an average dust concentration of 877,920 particles ten microms or
less per cubic foot of air, About 50% of these particles were round crystalline semi-
opague, gray in color and from five to ten microns in size; 50% were slightly angu-
ler crystalline in appesrance under the Konimeter microscope and three microms or less
in sire, There were also several very small black specks, The low dust count indi-
cates that either the particles were mostly over 30 microns in size and were thus
filtered out by the porcelain filter or thet the exheust system was effective,

(d) Planing - Pleners or doubdle surfacers resurface the four-guarter end five
guerter lumber to give it the proper finish, There is an exhaust hood over each ma-
crine with an eight-inch metal duct to a belt-~driven fan with six-foot bledes revolve
ing 3500 RFM, Samples teken during the operation of planers or double surfacers had
e zenerel average dust concentration of 509,760 perticles ter microns or less per
cutic foot of eir when planing pine lumber and 415,360 particles per cubic foot when
viezing gum lumber, TFarticles of dust procuced while plarping pine lumber were
errsialline rather round ir appesrance under trhe fopimeter microscope, ebout 755 were
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five microns or less in size; 25% were larger than two microns and rather opague,
Dust particles fram planing gum lumber were round opague in appearance end one mi-
cron or less in size,

Dustizess of Shook Factory Adr - A series of five samples were taken at five
strategic points to determine the average dust concentration of the factory eir,
These samples gave an average concentration of only 141,600 dust particles ten mi-
crons 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 effecw
tive. The latter is probably 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 anguler crystelline in appesrance under the
Korimeter microscope and about five microms or less irn size; 2% were round, opegue
derk grav.iz color ené two mierons or less in size,

B, = BILT SANDERS, SAND DISCS AND SPINDLZS OR CYLINDERS - This equipment is
useé for "sguaring up" end smoothing surfaces of wooder patterans, cleaning and
finisring barrel-heading and steves and general mill work in the Carpenter Shops.
Sanders are m notorious source of fine wood dusts. They are mlso contemineted with
en eppreciatle amount of silice, if e send-type of abrasive 1s used, consequently
either hoods for the machines or respirators for the men engaged in operatirg 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 senders. Our attention has been called to & case where & man enw.
geged in the use of sanders suffered recurring respiratory illness and ultimately
death rom pnewnorisa, His ‘attacks of illness seemed to correlate with extended
use c¢f the sanders.

(2) Belt Sanders - An 8" x 28-1/2 £, Belt Sander (Lightning Adalox Cloth
1—1/? - 40 X Grit Norton Abrasives) rums on an everage of two hours per day and is
usec by eight different men with an sverage service of fifteen years. Samples taken
while finishing %1 Pine lumber had a dust concentration as high as 15,51¢,360 par-
ticles ten microns or less per cubic foot of alr and a general average of 3,443,712
particles per cubic foot. About 90% of these particles were argular crystelline in
appearance wncer the Konimeter microscope and five microns or less in size; 5% were
over five microns in size; 5% were opaque scale-like. ten microns or less in size,
There was no hood over this sander and the dust produced was thrown into the shop
air.

4 6 in, x 18 £t. Belt Sapding machine (53 Production Cloth Minnesote Mining
Compary) runs on average from four to six hours & week and is used by four different
men, with en average service of four years, This work was formerly done by hand on
& lethe with sand paper. Samples taken while finishing the outside of a barrel had
en average dust concentration of 481,440 particles ten microns or less per cubic
foot. These perticles were largely angular crystelline 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. Semples taken
during the operation of sand discs or wheels had the following dust concentrations:
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No. Size Abrasive Work Being Particles Per Characteristics of Dust
(Die. ) Used Done Cubic Foot Particles (Sizes end Per-
centeges Estimated)

I VA #24 Send Cleaning 604,160 Angular crystelline
Peper Minn. | heads about 507 five microns
Mining Co. | Finished or less and 50% larger

Barrels than five microns,

II 24" #1-1/2 Gar- | Squaring 62%, (40 About B5% angular crys-
net Paper. Wood talline two rmicrons
Minw, Min- | Patterm or less; 5% guertz-like
ing Co. romded ebout 10 mi=-

crons in size,

III | 3" #40 Grit Smoothing 1,925,760 Abeut 90% enguler crys-
) or 2ristol | off Pat~ tellire three microns

Board. tern or less; 10% opague
Gardner la- enguler one cicror in
chine Co, size,

v | 3o #2 Garnet Sgquering 2,624,960 About 98B% semi-opacus,
Net Beck, Wood Pat- send-like, one micron
Gerdner tern or less, 25 opague §
Machine . microns or over in
Co. size,

The sand disc in No. I was used in m well ventilated cabinet connected to =&

4€" motor driver fan by e 7-inch dust, The men wore goggles and "Comfo" respira-
tors, The sand wheels in No, II and dc. III had hoods with about 3-1/2 inches
water suction connected to a 24" motor drivean fan by 4~inch ducts. The men wore

neither goggles nor respirators., The wheel in No., IV had an exhaust hood with & 6-
inch duct connected to & 24=inch duct which in turn wes cornected with & 36-inch mo=
tor driven fan.

(¢) Send Spindles or Cylinders - Sand spindles or cylinders sre used on an
verege of about two hours per man per day. No hood or suction exhaust has been pro-
vided for this equipment. Men using it do not wear goggles or respirators although
the dust perticles produced ere more angular in eppearsnce than those produced by
sand disecs or wheels,

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

Size Work Being Particles Per Characteristics of Dust
(Die. ) Abrugive Used Done Cubic Foot Particles (Sizes and
Percentege Estimated)

3" #Gernet Paper Cutting Inside 2,322,240 About 60 quartz-like
Gardner Machine | Core Boxes in appearance, ten mi-
Co, crons or over in size;

4077 semi-opaque five
microns or less insize,

'
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DUST PRODUCZD BY SAND SPINTLES CR CYLIULERS (Concluded)

Size work Belrg Perticles Per Charecteristics of Dust
(Zie.) Arresivte Used Done Cutic Foot Perticles (Sizes end
Percentage Estimeced)

3.1/2" | =1-1/2 Garne: Putting 877,520 Ltrout 90% enculer crvs-
Taper MNinm, Teper on tellire +wo rmicrons in
tizing Co. Petterrn. size; 10% opegue five

cicrons or less in
size,

Two +y:es of sews ere ussd In prepering Iuber for

aws - Semples feker cdurinmg the operatiorn of en 18" Zeilroad

A

Sew el c retion of 2,864,800 particles ten microns or less per curtic
foct ol of trhese periicles were round, grayish opacue in apreearence wmder
the Yerimezer microscope and etout five microns or lecss in size. There were elso nu-
mer : ereyv specks toc smell fo coumt ecceuwretely.

XII - ROCK EXCAVATION

Zock excevetion is usually m cus® producing operation which is limited to con-
structicz ecstivities in the petroleun industry. The hezaerdousness of rock excavetion
derenis enzirel:s upen the ne<ure of the rock teinz excevated, the lenzth of exposure

N . = ’ =
: followed, The principel sources of cus® are rock Zrillirzg
heniling of the rock. £ these, drilling probatly produces the
£ y I

- The pneumetic rock drill operates essentially es & crushing
cevice che<ters the rock to & powder at the point of impect, According to
Treod re Te<eh of +he Eervers School of Putlic Heel*h (1L, 7V, Ind. 2u _*.Vol 15, Nec. 8 =
Sept. 1832) <ke :a*‘*c‘es o? dust thus generatec vary in size fron one-cuarte* inch
or Wa"-e- dovm. to subemicroscoric diemeters, The dust is remove:d f the drill hole
by & streem of &ir or water or & combinetion of the two inzroduced *Hrcu~h the hollow
drill steel, In the cese of jeck~harmer @rlll ng & consicderatle amownt of rock cust
ejected frrom xre hole falls back to be crushed further before it is removed egain,

r. Zesch:

"The ermount of cdust produced by a rock drill is su:p—isingly
lerge ~ & jeck-hemmer, opereting at the over-all rate of 100
feet of cérilling per day, actually crushes more than 200 pounds
of rock in eight hours. CIf this, at least five per cent. is in
~ne form of particles smaller than ten microns; hence, more then
£ifty grams of cust smell encugh to be air floated is generated
per foot érilled. In terms of numbers of particles the figures
ere ernormous -~ it haes teen found *'a* 2 Jjeck hemmer produces &s
mucs e one tilliorn perticles of hygienic interest during one
o operezion’”.
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B, = BLASTING ~ It is often seid thet blasting produces the greetest emount
of dust in rock-excavetion. This statement is contradicted by some sauthorities who
refer to the fact that the blast cislodges & great deel of dust from the rock sur-
faces ceposited there fram eerlier drilling operetion in additicez to *Hat ectuslly
genera:eé by it, Under this comcdition btlestirg is undoubtelly followel ty & higher
dus* cemcertratior trar irn +the cemse when &ll the dust produced Ty drilling is cap-
tureé end corzveved to & remete collector so thet ozly that ectually geznereted Tty the
explosioz escapes into th ir.

wrile it 4s uzncdoubtedly xtrue thet 1f cril
<ne s b

inz is done ¢ry, there will be de=-
surfeces e

1&:67 te reiced

-
4-*ve neture of ~he ooera.;o“. On open exce
ined sources &8s iz tuznels exd mires

nencling mey reech dencerous levels.

lons verlies -reetlyr
etiv of li’*We izporzence, tul in co
—retion essocietel wi rock

- —Tro- C,—\uvwv_)n'r

Ze = JUST CONTRCIL - Meinods for +the conirol of dust ir rock excevetion es
sugzested bty MNr. Hater iznclude:

rillips end Weitizg Dowr Zock Wells exnd MNuck Piles - In genereal
ig less effective ezeinst guartz-beering rock ther egeinst
es lime-stone., The usefulness of weter is limited when
Tezperetures ere enccountered and it produces orjectiocretle working corditioms
es:&c-a;;y for overhesad d*ilW operetors exd is certeinly to be aveided 1f & pmeu-
menis nezerd exists, & fundemental objection to the wet metihod is that the dust is
not remeved Irax the scene of operation but sizply suprressel neer its source where

it rezeins to be throwrn into the sir by m subseque disturbence suck as blasting,
{t} - Gerersl Ventiletion - The purpose of zexerel vexntiletion is to dilute
gir with sufficiezs cleen eir to bring the concentratioz cowm to & setis-
ievel. Two precautions ere reguired:

lst, - the fresh eir itself nust be free from dust axnd

Znd, = it mus*t be properly édistributed through the worke -
ings to insure maximur mizdng with the dust lecdemn
air,

(c) = Dust EIxheust Eoods on Drills end Cther Muckine (perstions emd Local
Sources of Dust - Effective dust control can be secured by meens of a cust trap which
surrounds the crill steel at the rock swface., The dust-leden sir is capiured as it
ezerges from the drill-hole by the inflow of clean eir into the trap, To be effec-
tive, the inlet velocities must be great enough to prevent the outward movement of
the cus‘ end sufficient velocity must be maintained at all points within the trep to
rrevent settlirng and clogging, The collected dust 1s conveyed by the eir-streen
th:ough hose ané piping to & suitatle dust separetor in which the sir is freed frox
dust load end thus is discharged from the epperetus as cleen eir, Treps of cif-
erezt cesigns are reguired with vericus érilling operetions and special surporting

Cevices ere recessary 1o hold the trep in proper eligmment witl. the severel operet-
inz rositions, (NOTZ: The cust trer is sezisfectery under meny comditions, Tut egein

eIy otner confitions hes not proved setisfmowery, RSE)
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sperseé during mucking, es well as thet ericing from rock drill.

i
ed bty locel exheus:t ventiletion ani recuires no eletorete ap-

The Zus+t ¢
irng, cez te coziroll
paraTus.
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worn contizuously in dusty atrmosgoher
ece in +the field of silicoesis control. es
‘ecticr ereingt infreguent urexpscted cust ccncerntratic
£s & suzsT for ZusT contrel in conmminuous operesions,
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PART III -

MEASURES FOR REDUCTION OF THE DUST HAZARD

CAY TET DUST EATATT BI RITUCEID? -« The gueniity of dust izhelel meir be
ciririzes b+ the ecplovment of these four methods outlined by Dr. M. Fummel i "Nedi-
cel Feceri':a

"l. Su i £ oTust U It's Cri v the use of exheus: dreught
. vppression of Dust Year It's Cri vt T oext ¢ draught,
cdus® =reps or weter, The water hes the & te of & flvepeper effect on
+he silice perticles, but tre humidity creet texds to fever iznfection Ty
lencing the 1ife of pethogenic orgenisns o::side tre tody exnd fecilitet-

Tre

ing Their ezirence inte the boly.

EZowever, tThe

of dovitinl
Tery

ceutioucly

Telue

ens ¢

other metrois,

clude that for the reessons steted, *the use

in disease,

', Fummells steterment thet rost mesks

g s

(we presume he mesns respirators)

wz oo

Ol=-

iz cormmection with

deel preve esure but, wlertunesely,
<he fust elsc stop the respirstion. ithus ne-
removel, The:; srnoull be of exn epproved T pe
1 supervised ezl <reilr use rigicly exforced,

telieve thet the use of wezter woulcd heve eny outster effects on
itv iz most of the dusit producin: operations In the In-
exr: more +than, for exemple, sprirklinz onme's leawn weuld heve, We believe it
<c be proved tevond doubt thes the mumiiificetion of eir actuelly fevors
iolesicel rrowtk to the extent itret the incidence of cisease Irox pethozeric
i sed sigzzmificantly., There has beer rmuch discussiocn on this sutject,
eer proven, Thecreticelly, it mey be edzittel that s¢ orgenisms
moist stmesphere ther in & dry etrosphere, tut it is rather hezerd-

of wet methods in dust

thet

stop cust elso stop respirations, is & little strong. There are eveilable todey
respiretors thaet edeguately remove cust without creeting & resistance to breething
iz excess of 15 %to 30 millineters of water columm, and the tendency of progressive

+o0 further lower the resistance, MNen
tive cevices

cenulecturers of such devices is
wer actuelly did fighting while weering respiretory protec

during the
thet hacd as

much s 80 to 78 millimeters resistance. The resistance figures given for respirs-
tors ere rceesured at a rate of eir flow of about three cubic feet a minute which is
eguivelent to the amouxnt of air breathed by & person dolng herd physical works

Air Masks - Respivators enc masks of
the alchenists and are mentioned by Agr
dust hazarc ty meens of respiretory protec

Jrast Respire<ors and
beer used since the days of
end others, Cor%rol of the
cent is effective, provided:

(1) the protective equipmeznt is efficient, and

(2) it is worzm conmzinuousl
ie eweilatle, tus Ter cenTinuouy uce, ces

verious types have
icole,

Remezzini

tive equip-
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of control cexzot be depended upon fo provice the first
spect it mey te likened to the use of personsl immuzizetio
apaizst the spresd of typhoid fever, Dust resriretors anc
rnave & defizite plece in the fieléd of dust control, especi
meesure, as e meens of protection on infrequent dusty occu
<o other more funfe—eztel methods of prevention

tre Natiomel Silicosis Conference, celled ty <he Secrezary cf
£37) to study specific preses ol the siliceels orotlen erni fre-
+s seclution, conteined meny recommendevions T ocuslified pua
.

< wrich haevTe been successfully emplored crereTing
Tmerized neesures for the comzrol of cust end zhe trevenzicn

1l peteriels for 7
projectiens without pro

nT ceY

2z interiors should be so conzruscted Thet ther mel
cieszed ty weshing, hosizg, vecuwr cleexinz or brusni z

-—;.‘.

be loceszed over gretings, bemeetn wihich eguipzenz
ce-eriels end duss thes fell throuszr.

UILIING VENTILATZIIN - Netwrel ventiletion shoull
unct iz removing or reducing cus:
roofs iz ong=story sIructuwres
tilation, such methods carmot be relied
leze ;rc:e:tio: ir cdusty operetions, Wnere cechenicel ventilati
Tidel, cere sho.lZ te teker to prevent strorg draftc from open
€ eflecziveress of the system, Guards ant shields sk
nooiel eni partially enclosed processes o prevent such &

fE"B"f

ST PVATZRIALS ZINS ~ Dustv me-erielcs
tusT- + xins, *anks, or enclasures Tut eamenh sgtructure of

i 4
&z tresther or venz stgck -~ perheps with ex extes
the eir displeced cduring loading +o be carried outcide the

: te used for storeacge pﬂrposes but should rnot be used for

ATT atA T oAte— T

1 HANDOLIUG LQUIT - Excessive cdust createi Ty mechan-
ized mezerial - handling equipment can usaal’v be controlled bty provision of acdeguatc
housing exnd applica*ion of exhaust systems. Scme meterigls cern be kect in a rolst
condition while teing handled, but when this is dore, the materiel mey cry oul and te
dispersed into the etmosphere as cust.

E, - ISOLATL JUSTY PROCESSES -~ Where possitle, severael or all dusty processes
pey be isoleted from the rest of the plant, This sometimes permits *he installation
of & more campect exhaust system resulting in more elficient operstfion end lower m=in-
tenence cosz,

RCVIIZZ WZT METEZCDS CF CPERATICU - Weter, oil, ancé other liguids may be
bl

-
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1, To suppress dust at the point of origim in such operatioms as
rock~-crilling; handling, pulverizirg, and milling rock and ore;
grinding metel on grindstones; ebrasive-wheel cutiing of
grazite enc sandstone.
2, To prevent the re-dispersior of dust that has settlec on the
floors, wells, end other surfaces such es iz the grenite irdus-
try end in foundries,
TISIZN IQUIEIENT T0 COITRCL DUST - Whner rew mechizery or other eculpren

G, = tZSIZL ZQUIFENT

is ceontenplexed. the mazulecturer caxn freque*vlc te encoureged to incliude dust con-
*“cl Teetures such es exheus* hoods &g Bn intezrel part of the cesign enc comsiruce-

gs=erc me-r .CE‘

2 osmell svstens
sno be Cem
r iznfustriel

the best mC-

Dus® Arresters « Provision of dust erresters will prevent
hezerdous duste from belng circuwleted izto other peris of the
rlext or izto the neightorhood., The locstior of Zus=t erresters
is veryv i:portant, “'“cula"" if ¢ry types of erresiers ere

+re collected

o
cust withouz 1ts escape irto *ne eree wnere the srrester is

locezel,
z ISTABLISE MAINTIIANCE ANT GUCD EOUSIZZIFINGZ PRCUIIITEI - Good housekeeping
lozebly the cheepest single methol of controlling cus*, Dlainitenence goes

hagi ir hexmd, The best ecuiprent in the world W;li not cortrol dust if su-
cezts, floremexn, anc werkers ere cereless end disorderly in their work, Eight
ere advenced by the Conference Ca-mittee:

uipmernt is insselled it should be inspected at
n%t intervals end ell cefects sh
they are detected,

[

+ Cperetions snculd be performed in e manner that will create the
minimin emount of dust,

Y

to clean buildirng in- -

§o
[B)
]
o
4

Use weter under pressure where possi
teriors,

(€3]
-

4, If precticable, combine water with eir for cleering purposes.
411 cleening should be dene, if possible outside of working
hours and men engeged in this operetion should be provided
with dust respirators.

5. Vacuum cleaning removes dust wizhout dispersing it elsewhere,
£ g

6. Brushing is perticularly edapietle for cleaning buildings of
the olcer type of consiructiorn

7, Low-pressure stees cen sometines be used %o ecveztace,
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to mexe
desired re-

should make tests
Zust conirol prozram is

te ziven p
wher knowm me

srhould Te trevidel as
Tetetion of personmmel under
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cf mecrenicel filiration by fibrous materials mace by such agencies &s

s Zureau of Mines (U,S.Bur,of ilines, Tech,Paper No, 384 (1928) and

11,76, 177 (1828)) and the Harvard School of Public Heelth (Journ.

26 (1227)) reveeled tha< filiterin- efficiency varies with the particle

re crmount of soli per<iculate metier reifained; alsc that <he resisiance to
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te notel zhet B8C per cerxt ol i

e 2dus: usel in these epprovel veszs is Telow
cicren {1.25,000%% of en inch) exnd SO isters

(SRR

remoTe dusts of =hese crerecte

esirec preTecTion. 2

spirezcrs fit trne Tece
r. « simple prectlicel
¢ Zxperimers Szeslon Iim G
%0.2, T.S5), et enyone cen
: e zignt sesl. is o w

stiretors - Industriel processes such as

v cogzing heTe introcucel etmospneric

? respiretors ere net particulerly suls

e responsitle for dust ccncentreifions

respirator., Tre operetor of ex etrezsive tlestizg outlil

ly efeinst the inhele=lion of eir conteizing nigh concertira-
egeinst impact end etresion of the head and shoulder bty the

locsened straded materiel, Sprey coating is respornsitle Ifre-
the swrounding e'mmosphere by & cc:*iration of particulete
iguid perticles or e comtinetion of solid end liguid par-
rs resulting from ihe eveporstion of the liguid venicle of

v

these cperations ere carr

€ ried out freguently in isclated places and at
loce=ions &% verious *imes, +- o
<

+ lend themselves elweys to general
ures, Therefore, supnlier retors perforr e Cefinite service.

ne T Des in general use are those ~ormonly known es hose masks, eir-line respirezors,
end etresive blasting respirators such 5 sexnd blest nesks, helmets, and hoods.

Suprlied-sir respira*ors have the -ol;ow_“g edvanteges for routine non-emer-
gency use over those ol the air-purifying respirators such as gas masks, mechenicel=
filter respirators end the combinstion of zas mask with & mechenicel filter:

1. 0 resistance to inhalatiom.

2. Freedor from inward leskage of contaxcinated air,

Z. Protection egeinst ell enc ever egfeinst ai-
mospreres celficiert ir poison or irritese
: k



4, The Inflowing eir reduces excessive perspir
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Tri cf water, eni rust from the pipe lize, All or most of
v -

£
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<

s cer be removel protetly by soms

1¢ for this purpose.

Te used elso in the line <o prevent eny pos u

¢ highepressure eir from ::ﬂu*'*g the lunzs of the
1

o” the comme

L pressure-r

. With e compressor of this type there iz &

espirezer WEN S
», however rere it mey be in well-kep: systems, of th
ol cerzon T o“oxzce cue to cverheeting ¢ the compreszor lu-
Indust, Fyg. 18,461 (193€)). This denger caxz be minirmized or
re use ol ve—ne eture conIrols or cercon monoxide elerms

r owiilch,
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externallss lubri
the otjections to the hi
not epriy to an
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comnon in Zustry, howetT

of course, should te so meintained es to rcre-
ercorn mcnoxide,

d-eir respiretors is to use speciel low~pressure
ore gir-supply devices, ost of
gn-nresck.e reciproceting-type compresser do
Since these devices mre nct
er. it is usuelly necessary to purchase e

“he respirator. Since air purifiers, pres-
anc special compressor-conirol or elerm ne-
ry, the price of this respirator compleife wiilh
net exceed that of the other type of respira-
1y system.

air-corditioning unit to regulete the tempera=
gir “pplle to the respirator wearer is de-

upsly for 2 respireor cesigned o use sll the gir for rese
cdegree of efficiency is gernerelly ezreed emong Industriel
Tour e e elr treestined per minute, A5 8
1 Tecerileces, hooiz, or nelmeT: reculr
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rere eir thar those with tight fitting fecepieces,

There is some cifference of opirior exmong users of respirators es ie wnether
or nct ac-ius+rents snouls be providel whnerety the weerer cex very the flow of &ir fo
mee- verietions iz his reguiremezzs. It wes <he opirion ¢l the letieonel Silicosis

Corference Cam—ittee =het definite recomenietions for ell situeiions canmot be
pede, tu* for mery situetions, and perticulerly where tight-fitiing fecerieces ere

vse?, ex eéjuststle flow 1s desiretle anc may even be necessery; elso, most workren
cex ieerz <o adjust trne air properly., Cz ihe other hend [fixed-llow procedures re-
cuire g mimimer gmouzt of inmstruction ani supervision end ere the most cenducive Lo

sefeTy wnfer mll coniitions,

Dl

wrile Zose Mesks and r-lirne PesrireTors heve mexny Zelizite
eree ¢f Trevel of the weerer is limited To the length ¢l Tne nosfeg, ot
re-Zicewres +po sore exwent by the hose, lerzifestly, the eir for the rnese end
—ESK 555;:: re fresh gxnd _uré, bt urfeortuzetely this is net elweys sc,
fespiretor - ATresive tlestizy restireters coezcist essen-

winlows, Thet fits loosely over the heed exni sncuiiers end
ces nd protect ithe weerer's head, neck and shoulders Tror etre-
gioz Tt the rebouniirg of perticles of sexni or grit; and & supply of freskh elr, at
lesst six cutic feet per minute, tlovwz Izic the hood. (zly eguipzent which hes zet
<re Tzi=el States Zureeu of Minmes test reculrements and vwilich Is etproved by ine
velicel exl Sefety Depertmerts sheuld be used,

Tersorgl Fesziretcry Zrotectiorn b wWerk—er - As steted
a £ C, Towler of the Uzited States Eureau of Mires
¢ st the Intermetionel Petroleur Ixpesition anf Congress,
€, selecting respiratory protective eculpment is sicple
fopesyel cith getting rmen to wear 1t alter it is supplied., CGemerelly workmen will
weer meske reedily ir places where they heve seen others asphysieted, or in some
giziler =<routle, but they are likely tc resist wearinz protective eguipmezt where
+he ZusT cermot bte seern or where the fumes exnd mist heve no otjectionable odor,
There gre trree meizn reesons for such resistence:

Tirst, izbreld oxjecticn to aryv new idee;
] - E

Second, the feelinpg thet the Indivicdual is e supermazn end
cen "teke it" without protection; and,

Third, the inconverience of weering the eguipment,

In & survey conducted among the employees of the Colgate-Zelmolive-Peet
peny ty M. F, E, Wellner of that Company's Insurance Department, it was found trat
the mer didn't like the disfiguring esppeerance of & "muzzle" over their faces, This
survey slso disclosed that some workers objected to the respirator because they
thought it made breathing difficult when the real troutle was that they were not
btreathing correctly. Breathing through a respirator should be done deeply and slow-
ly and elter the proper hebit has been acguired much discomfort msy be eliminsted,
Quoting Mr., Wallner:

orer g

t O

Tt =

Foremen should appreciate thet the position of the streps that
hold the respirator in plece has much to do with camfort. They should
learz vhether the straps should be worn over the head or around the
zeck, Some “ypes have iwo stireps, one to be worn eround the neck, the
other ground the head,"

Tretetivo -

¥ ine most effective plen in gfetilngz yespiretors werzm is
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tre supervisin: personrel who in turn should "sell" the worker by educetion, possibly
sccomperied by sirict enc feir supervision end discipline, Imployees exposed to cust
hezerds reguirinz the weering of respiretors should be convinced thes it is essexntial
o sgerifice some comfort and digrnity to avoid serious ceses of disetility end sufller-
in=, Iter: viorker should heve his own recpiretor. It reguires time zzi effort <o

: s cre-ectiTe cewice so it coztacts the fmce snugly & mizimazm of heed-

es’ ciix

ok N
-

Tens Tenzicm.  I: cannot be expected thet the everage werkmen vid

1 3
ferers resvirezor eech dey. Also, the psicholozical elfect of using & respireter
: e

worm TT prother workmer is not unizmportent, Althoush ne mel” not sy eny-
: ecout L i+~ g ne*urelly revoliing o most mernt's princirles of teodily sexni-

-~ over nis fece & cdevice <he* hes been soekel with sweet ext
< Tece erd ir=o which one or more mer heTe treethec <ev elter
lre

~rne other fellow's =Tootn trucsh, "= test vractice is

usizg
or so eech workmer cexr lgenmtiiy nil

in
o]
=
L1

ersonel rescire

menul Jepencing on cusT repleceazise

rence ntlv <o prevent ccged exmc usuellT It €

e e 1 - without & fsceles, Towever, 1f they ere comsiierel necessery,
fecele ©1c te changed often tc evoid skixn Irritetiom, A clesn Jecelt gives
restir leer arpesrence anc removes one cot-jection to wearing It

Tre ColzeteeFalmolive~Teet Compery Jound inet the hatit of sore workers of
el egpiretors et irtervels caused skir irritation., ZIZIver~time theyr cid

< 2
< cewtled on +he surfeces <het ley next to the worker's

thein rocnd

dusz ftce end irritetizg
perticles were trgnsferred o the skiz when ithe cevice was replsced., It is, there-
fore, bect to have +the emrployee wear his respireior comstantliy while under exposure,
Ir some ceses, olnimern<s or pezrolewm Jelly hes helped to overcace the irriseting ef-

~

fect of poizts <Thes conmgact the skin

c & consifereble rnurber of respire*ors ere used, it is
ire<or Room! with an etiendent who issues the respir

otrnerwise keeps them in good cendition, [Respiretor

s er? cleans,
mer te cleernsed

rushing them with an sntisepiic soep exd warm wazer., They should e
red or improperly fMunciloninz paris such as rubthter valve seetTs and
cefective, these should be replaced by new perts,

~T, cuotT o
t et e v e

=1 ; Co - It is essenziel that esdesuete medicel cenireol be ex-
ercised, Such conirol should include the exsxminetion, prior *o initiel working on
c¢usTy 3ots of <he worker *to imsure tha= he is e suitatle physical sutject. This ex
eizetion should preferably include X-ray examinetiorn of the Iumgs which permitis
closer conirol with subsequent X-ray testis es well as being & protection to the en-
ployer in the event of amy later legel action,

ST oD T T ANC s T fame
o I = SELZJTICH AN [

A worker, to be classed as physically suitable, should te in eadditior, de-
termined “o be & nose-breather rather than e mouth-breether enéd the netural filter-
ing capacity of the hose should be found to be satisfactory. G, Lehmenn (J.Ind. Eyg,
17,37 - 1935) indicates that the "Silicotic susceptidbility of workers with poor nm=
sal filtration is much greater than tha*t of men with good nesel filters", EHe ad-
vises the® jobs with a silicosis heszard be held only by men with good nesel filters”
ané <thei mouwih treathers are an especielly bed risk. He suggests thet the "dust re-
teirning cepecity of *the nose be used as en index of the indivicusl's gquelilication

for werking cosis producing e‘mosphere”, It is possible thet Sternstein's

“tecrmigu -eesuring nasel resiciance {"Infustrial Dusts - p65) could te cevelop-
el intc e sim vrocedure for selecting men test edepted to cust exposure.

iz wise o select
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for dusty jots men who are past the age of 40 and not young men just taking up &
trade,

.
4

ourhiy re-examined, including X-rey tests, PFarticuler ecpnasis shoul? be placec on

anv izméice<ion of shorimess of Treeth anc chest pains

Feruletions should be enforced concerzing the time limizetion of work of eny
e~~lovees irvelved in a Gust producing operetionm. Such Compeny reguleiions comcerm=
s s for & fixed six~ponth meximum period on such work, elter
r. period away from cust producing work sheould Tte followel

irs sexdtlesting cellin

~E
csix=ront

=ore closely,

PR Y
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Ter prowectiorn froz e legel txzle, +the worker shou
curn evemize=icn Izelufing Xerey btelcore belng

Falal

<wpe ¢l werk, lell off or éischerged,

permeneniliy

CONCLUSION

Trere ig sTill & irecezdious amount to te leernmed ebout pnemoconiosis end

usTerroiucizz opereziozs. One <hing, however, is certain wthere is & very definit
“e-cersy To reguire compensetioz for industriel or occupetionel diseeses. I these
coorensesion costs ere tc te kept to e minimum end the heelth end selety of workzen
ere <¢c e prometed it will be necessery to meke further studies exd to prezpily
EicT: a:eqﬁa:e preceutionery messures, larny of trese are mow Iin effect, the others
shell Dut iz force ec soon &S possible, After yeers of study end direct cozntect
wi € Tus* Frotlez, Mr, Derz Ezrrirngion, Chief, Eeslt: mné Selety Pranch, United
Stewes Zuresu of Mires, hes came to *his comclusion (Zmg. & iz, Jour, Harel 1837
Dos. 11%=Z1, with which we ere heartily iz accord

Ir. <he meze of uncerteinties coznected with elmost ell pheses of

etion endé dieznosis of dust disease, about the only reaily

viellaZezermized fact evaileble is thet bresthing lerge guentities of

duss {or possitly of certain dust) over extended periods is likely
some€

mZer some concditions to be hermful <o heelth end thet subseguent al-
levigzicon or cure is ¢éifficult or impossitle, Therefore, it would

seez to te lozicel to =ry to prevent dust formetion thus prevexn F
from herming workers through respiretion or otherwise, Here is &
reel Jor for the engireer, and litile or no help cen be expected in
these vitel fumetions from exy egency except the engineers and operat-
ing efficiels, _

"The most hermful of the orlirery dusis to bresth is probelbly
silice cdust, but, on the other hand, not even free silics, supposed-
1y the most detrimertel of the silica dusts, is hermful unless it is
treathed, irn cozmsideratle quantities end over extended periods, Ulo
hurern being ever lived eny considersble time on this earth ol ours
without breathing silica dust (free silica dust), yet by no means &ll

£ the people of the world have or have had silicosis, In cther words,
the quantity of dust teken into the respiratory organs is a coniroll-
ing factor iz dust respiratory harmfulness.

"Cne cormon-sense answer is that eny etmosphere in which cust is
visitle to +he rneked eye is certeinly too dusiy to be breethed with
excé the wise, flersighted, humen empleyrer will
creese the dust conteni ir any etTosthere wner

i
inetes visgitle cust. there rev
i X
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still remair enough very 11 invisitle cdust To cause harm to the

heeltk of those who breatnh it, tut in erny event if he hes exerted suf-

ficient well-directed effort to remove the visitle cdust it is certeir
thet much of +he smeller invisitle, ané probetly most hermful dust has
also beer removed.

"™anifestly, if dust is kept out of the air breeihed Tty workers,
the lat*er cannot succumb to cdust diseese of & respiratery charecter,”

Ir closinz, we scknowledge with grazl
J. Dezre, Cenerel Medical Director, St
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Zivision of Industrial Fygiere, Deperiment of

-

Ste<e of lew York, New York, N, 7,

Lator,
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