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FOREWORD

b Beoause 4% 1y the duty of industry to protect its employees
i and becauss no oosprohensive survey of the hazards incident to oo=
cupational dust probdlems had yet been made, it was felt theat here

was an opportunity to render a serivoe to the petrolewm industry

and its employees by making sush a survey.

It is hoped that the information pressnted in this bmqﬂ.n
will assistin finding proper answers to scme of the many questicus o,
which have reoently smrisen conoerning thehealth hazards of ssploy- :
ess whose work inrolves sxposurs to dusts of various origin,

: . An atteapt has been mads to consolidate opinioms from the
" nmost experienced studenta of occupaticmaledust prodlexs to show the
‘relative hazards of.dusts and the duraticn of oxpcua-o which may

prove harafal to tho worker,

Furthermore, a study of the prevalence of dust particles oo~
ourring in various operations in the petroleua industry has desn
made and imcluded in this report; alsc a descripfion of the pro-

* tective devices and oqnipeut provided for the protestica of the

workmen,

This report should serve as s guide to operating exegutives
and safety engineersinhandling persomel and in providing adequste :
. protection in dusty ocsupetions. It should also resolve many of . ;
the fears and questions of industrial workers in these ococupaticms,

} .

- The study confirms an opinion that duty oscupations, thore
‘oughly understood and intelligently handled should result 4in no
serious u-amw. . .

Ai1lard J. Denno. M.DL
Genieral Medical Director
Standard 011 Company (M. J.) -
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' ) STANDARD OIL COMPANY
{ Incorporated in New Jecsey)
30 Rockefeller Plaza
New York, N. Y.

MEDICO - SAFETY MEMORANDUM

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

b .
INTECOUCTICY - Long looked upen as odbjectionable, dust todsy is slso resognize

od a3 dangerous - especially with regard %o occupatioral disesse (Pnewncocniosis) and
dust explosions.. Sizes the dust encountered in the producstion of Pstroleun produsts
and associated operations ars non-explosive under ordinary working conditiors, me
further, attentioa will be devoted to this phase of the dust hazard, . C

’

" Studies Rave revesled that the time elemsnt (exposure) and the conssntratien
snd size of the dust particles are major factors in produsing health hazardss EHere=
tofore diffioulty has besn encountered in deternining actual dust consentraticns and
sizes of the particles, but recently derveloped instriumonts such as the Zelss Xonle -
meter and the Bausch & Lomd Dust Counter make it possidle to obtain dust counts and
estinate size of dust partiocles which, while not absolutely asourats, sre indioative
of the dustiness of the area, o

. The data presented in this. zemorandum are based upgn material taken from the
available literaturs on the subject, upon field investigations and ecaferencss with
tochnioal specislists and upcn 1008 actual dust sounts made with a Zelss Xonimetsr,
using & 20 to 30 micrcn (a mioron is about 1/25,000 of an inch) poroelain filter,

' In the report of the Preventive Engineering Committes of the Xir Eygiens
Foundatien, Professor Fhilip Drinker of Harverd, chairsan, and other technical '
specialists cn the Committee write: '

*If the breathing of dust causes disability of amy sort « silicosis is
only one manifestation « then it follows that there must be some degres of air
oleanliness froaz which no disadbility will result to the average xan during the

average working period, .

. "There is no atisfactory nediocal anwwer st present to this question, dut
4he enginesr i3 making a dad mistake if he lets men breathe heary dust ccnoen~
trations of axy material, If no'other reason for dust control ean be found,
then coe should read transoripts of scms of the recent sults at ecamon law in
which fantastio daimages for alleged siliaosis were granted to men whio treathed
dust containing little or no silica, The Courta and Cazpensaticn boards are
not impressed with subtle distinctions betwsen dusts with 10X and 40X quarts,
ospecially when medical experts are relustant to make definite statements as

to the ¢ T4 1 £ h it
onpare jo a snitiomo of svo srenses. 18-000 0009

"It would be wéll to realize that mem working in dusty trades suffer far
more from respiratory troubles of all kinds than do men who work in elean air,
‘The eridense that excessive dustiness of any kind i3 harmful is bdeyond argoe

ment™,
| - . ' - 001428

184
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-2
PART I - DUST AS A HEALTH HAZARD

‘1 «» WEY IS TSE DUST PROBLEM SO DMPORTANT? = Although the sudject of the health
of workers in dusty trades has besn receiving considorable atteation fram students of-
industrial hygiene for a pumber of years, the seriousness of this prodles was not
fully realized unti] it was brought sharply to our attention by the constantly grows
ing country-wide warve of lawsuits instituted in behalf of the victins in our ocmmon
law courts, by the magnitude of the generous verdiots awarded by the juries and by a
recent deoision of the Federal Cirouvit Court roversing the substantial award of a
Jury in & New Jersey ocase (Pexasylvania Pulverizing Canpany vs. Eldred 0. Putler),
Oiing to these developmouts, the problem camnot be ignored or brushed aside as merely
snother form of "rsoksteering” by unsorupulous lawyers and oonspiring deoters, Dodging
the issue camnot provide the needed sclution because even the moat unsorupulous
lawyers cannotoreste a pathologie lung at will and, furtherzore, even the aost skep-
tio of coromers frequently finds himself corroborsting & diagnosis dy his postmortem -
exsmination. Enlightened industrialists and the medical professiocn as well as the
bench and bar, have oaze to the realizatlion that exposure to eertaiz kinds of dust,
such as those coniaining oonsiderable amounts of quarts (silion), has inoreased tBe
unhealthy bodily condition and desth rate from respiratory diseases) while metallio
dusts, such ss lead and 1ts ompounds, have been asscciated with general systemio
poisening of workers, "Silicosis® is now a definitely recognized diseass whish is’
destined.tc beoocme one of the foremost and most serious of cooupaticnmal disenses aof
the future becauss the mumber of workers in dusty trades is larger than almoat any
other group sxposed to a single knomm industrial bazard, The MoCaffrey Aot, which
becane sffeotive Septenber 1, 1935, amending the New York Compensatiem Law, inoluded
811icosis as an ocoupational disesse subjeet to conmpensation, . :

" 8ixteen states, as well as those of the Federal Goverpnent and of Hamail, :
Puerto Ri'oc, and the Philippine Islands (Y.S.Dept, of Lador Bull,No, 825,Bur,Labor Stas
tistics), have Workmen's Compensation Acts which include cozpeasation for coocupatioval
diseases, either expressly or by judicial interpretatian, or zpesifio cccupatiamal

dizvase aots, | B

II = WHAT IS MEANT BY ¥DUST"? - According to Webster's Unabridged Dicticnary,
"Dust” may be defined as fins, dry partiocles of earth or other matter 5o cominuted
that they my be raised and wafted by the wind; that which is orumdled to minmute
porticns; fine powder. As pointed out by Failip Drinker in a peper read bdefore the
Chexnioil Seotlon of the Eatioral Safety Congress (held in Atlantio City, Ootober, °
1936), dusts inslude all types of dry esrthy partioles small enough to be blownabdout
by ordinary air ourrents, Dust suspensions may be generated as the result of prinde
ing blasting, or oaxuinuting provess; or they may result fram the handling of finee
1y divided matorials as in nixing processes, in sweeping, or the dlowing-about of
wood flowr, plent pollens, or coxmmon yosd dust, Thers 13 no ohemloal limitation ime
plied bty the term "dust® wiile the range in size of dust particles extends from the
sub-nicroscople to small sand grains, I D Barringtea, Chief Health and Safety
Branch, WS, Burcan of Mines advises that dust as applied to health and respirstery
conditions may bLe wet ss well ss dry, Under sane conditions, sush for example as in
wet drilling in mines, the escaping air from the drill hole may (in fast generally
- does) oontain a certain amount of entrapped 10114 material mhich wndoubtedly i wet
rather than dry, yet it rezains in the alr sufficlently long in some instanves at
1sast to be breathed by the workers to ocontribute to poseidle health troudle. IThe

sise of dust of inportance frem a hygienlo standpoint are thoss mler tsn miorens,
* In faot, the sized found in ipdusirial atmospheres are wnder two microns for the
lerger majority of partioles, say S0 to 95 per cent, Fhysiologloally, there are ale

most a3 many di1fferent elassifications of dust as thers are suthors en the t;ubdth;.
Internaticzal

However, ascording to Professor Drinker ("Dust, Fumes and Smoke",
dor Offics, Occupatica wnd Health Tol,1, 930, P,803) all of these olassifisaticos

001422 18-0000010

185
| JAM 014677



«3-

are without much practiscal importance, sinoe indaily practice in industry the harmtul
effect s exercised more frequently by dusts mostly of mixed origin. Besldes, what is
most important is the physical and chemlosl omstitution of the dusts and sousequent.

1y theis ’got?:_m on the systen, '

III » WHAT ARE THE PHYSIOLOGICAL EFFECTS PRODUCED BY THE INEALATION OF DUSI? = To
bs-harmful from-s respiratory viewpoint, dust must be of sufficient finess to pass
through the pasal filters and be retained in the alrvsold (minute air sacs) of the
lungs. Partiolds found in sutopsied lungs ere of the order of cne mioren (s mioren
i3 1/1000 of & millineter or about 1/25,000 of an inch) or less in size = about the
sige of the ocmmon baoterin. Some dust partioles found in lungs are as large as

p five or six miorens although these sizes are rather exoeptional.’ .

Thereare five distinet types of resction prodused in man as the result of izkale
ing dust, These reactions my be broadly classified, dased on the primarycause, as
followas <L ' s o

" (a) Those whioh result in luang fidrosis, ocmmonly referred to as fmeue .
. moooniceis, These dusts ocontain free silioca, asdbestos, etn, Howe '
ever, 1t iz pot necessary for fidrous tiasue to be formed in order
for the diseass to be olassed as "Pnewmcoopiosis”. ‘ S

* (b) Those whioch are toxio and are absorbed inte the Blood strean suoh
as lead, ocadmium, eta, :

(o) Those which rtmlé}n what 43 oommonly referred to as metal fume
~ fevery suoh as zino oxide, eto. -

" (d) Those whioh are allergio in charagter, such organic dusts as pellen,
pulverized wood and flour, eto, The bdreathing of pulvirized wood-
and flour is frequently asscolated with tuberoulosis, '

(#) Those coznonly referred to &z "zulsance dusts”™ These may ceuse ire
ritation of the respirstory trast or passages and may csuse oone
sideradle disocmfort, also headaches of the dry "nasel" passage or
sinus type and exposurs to thea may bs asacoiated with a high in. \
oidenoe of respirstory illness. .

The rate and extent of these reactions are depondent upon the resistance of the indi-
vidual, the expoaure period (Soncentration of partioles sxd length of exposurs) teme
perature and hmidity of the air,. rate of work, and the peroentage of ingredients -
which are harmful, ,

Oring to the Leagth of time required to obtain a reactien by ithalaticn methe
ods, the Tnited States Bureau of NHines and the Public Headth Servioe adopted abeut
trnelve years ago, & method of injecting small quantities of the dusts tobe studied
into the peritoneal cavity of guinea pigs. ("Reaponse of Peritoneal Tiasue of Dusts
Introduced as Foreign Bodies® by Dr. Jokm M. Miller, Dr, R R.Sxyers and b, P,Yant,
Jour,Amer,}ed. Assoo, Sept, 22,1934 ~ Vol,103,ppsa. $07-511)s It was found that iden~
tioal reactions occour in each animal injeoted with the szae dust under the jane otme -
ditions and examined in the same time interval after injscticn, Thess reacticns were
essentially the same miorosoopically ss that produoed in the lungs and the gross ape

¢ of the dust nodules was sufficlently differentisted to afford & means of
classifying tho physiclogical respense tothe dusts, There are three types of reaotion:-

An sbserption or disaclution of the dus )

An inert resotion.
001430
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In the inert reaction, the dust neither caused an inorease in the sire of the nodules
nor disappeared from the tissuds; instoad thore was more or less a change in its dis-
tribution. Soapstone, oarborundum (Silicon Cardbide), Jeweler's rougs (Ferrio Oxids),
anthraoite ooal, dituminous oocal and ocertaln filter clays have inert resoticms, Cale
cite, linsstons, precipitated osloium oarbonate, gypsus, snd Portland Cement exhidite
ed an absorption fesnction. Quarts, ohat, eorpd.n filter olays and flint produced a

proliferative reaction. )

.The physiclogioal responss to the injeoted dusts wers found sufficiently well
marked in 90 days teo deterzine the type of reaction, partioularly rhere the resotion
was one of absorptian or proliferstion. Sinoe the resotion eliocited by dust ms
oonstant and uniform 4p all of the animals injeoted nith the dust, it is bdelisved

b that this response of peritonsal tissue o various dusts caz be used as & tast to de-

ternine ths possible harmfulness of industrial dusts,

The fidrosis-producing properties of a Georgis filter olay (30-60 mesh grade)

a sample of Amerioan contact clay and a German contact clay wers tssted by the Intra-
peritonenl Method, wmder the direction of Dr., R. R. Sayers, Mediocsl Offiocer in
Charge, U.S. Publioc Health Service, The Georgia filter olay showed an inert reeotion
with & slight tendenoy towards a proliferation in the H50-day test, The Ameriosn sco~
4tact olay showed an inert resction with evidence of sase slight absorption or dis= -
sppearanoe of some part of dust in the 180-dey tests, The German ccatact clay cawsed
4he formation of light yellowish-brown nodules and as the interval bDetween the in.
Joction and the examinmation inoressed ths nodules bLeoame scmewhat flattensd, but the

- smount of dust and the approximate size of the nodule remained the same throughout

the extire peried (90-days) of the test, This oan de oconsidersd an inert resction

dut as the dust does not disappesr from the peritonewm 3t should be oconsideresd as po-

tentlally harmful though act as dangerous as pure silion. .

" In commenting cn the resulfs of the.teits with the Georgis filter 6lay and the .
Ameriecan contaot elay, Dostor Sayers advised that the results of the test indicated
that the filter clsy is more harmful than the Ameriomn contaoct clay because ths dust
remeins inert in the tissues as this was the largest portion of the dust and the 1o
ert appeararoe of the lesions was the most prominent. The modifioation of the resce
4+ion in the filter olay can be attributed to the presence of 5-10 per cent, quart:
(Petrographio), Gypsum in ths Amerioan centact olay may scoount for the slight abe !
sorptive resction., Doctor Sxyers advises that an inert dust, Af dDreathed in suffi.
clent ooncomtration, may bde harmful, Those tests were made in scoordance with the

" procedure desoribed in Reprint $1608, Pubdlioc Eexlth Reports, Vol, 49, No. S, January

19, 1934, pps. 80-89.

. . The inhalation of dust glves rise to "Paeumococaniosis™ a tern derived frm the
Gresk pnewmon, lungs and konis, dust, and used to deaignate a pathological donditiem
of the lungs caused by the inhalation of any dust, It inoludes SILICOSIS, a chrenie
disease of the lungs oavsed dy the inhalation of minute partiocles of free silioa
(S302) dust which produces s permanent incapacitating alteration of ths lung tissue;
_ANTHRACQOSIS, the black Yung of ths miner due to ooal dust; ANTERACO.SILICOSIS, the
newest 6f our minersl dust affections and introduoed by the United States Publle.
Health Service as a result of thelr studies in the Anthracite Distrist of Pennsyl-
vania, This affection is the result of breathing anthracite ocosl dust that occotains
silion. The ocxmion name for the affection is "Hizers! Asthma®; CEALICOSIS, the
gray=-black lung of the stone-outter dus to stone dusty ASBESTOSIS; in asbestos
workers due to asbestos dusty SIDEROSIS, due o breathing dusts of irea cre' (The
lungs are yellow or red from metallio oxides generally of iron, )3 BYSSINOSIS, dus to
ootton particles and vegetadle fidre dust, and FPHEWIONOULTRAMICROSCOPICSILICOVOL.
CAVOXONIOSIS, a specisl forn of silicosis ocaused dy ultra-mioroscople partisles of
s2lioeous voloanio dust, S8iliocosis, Asbestosis, and Silieo-Anthracosis are the

three forms of pmewmoooniosis whish require practical sttention, .
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%While the type of pulmopary lesion depends on the particular dust inhaled, the
mderlying pathologionl prinsiple is the same in all forms of the disease, nanmely, sn
ultimate fibrosis and replacement of the elastic lung tissue by a hard wnylelding £i-
brous tissus. A1l ocoupations that expose zsn to large amounts of dust may give rise
to pneunoocnicsis but not neoessarily to silicosis. It 1s now generally sgreed that
in order to produce the latter, (silicosis) inhaled silloa dust must reach the liumgs
in a chezionlly unocmbined ocndition, in very fine particles not mere than ten ad-
orcas (10/25,000 inch) in diameter and in sufficient amount and over a sufficiently
lopg period of time, In relatively reoent literature 1t appears that the proponests
of the iden thit only "free silioa” is harmful are beginning to have scms doubts and
4o have the thought that possidly scme silicates mey under scme conditions de harme
ful. Generally speaking, the necessary length of exposwre to produoce silicosis is in
direct proportion to the size of the dust particles and inverse proporticn to the
dust. conoentration and the amount of free sillca in the dust, Silicosis is char-
"acterized anatomically by a generalized fibrosis of the lungs apd olinically by shorte
ness of dreath, deoreased chest expansion apd a progressively lessened capacity for -
work which is out of proportion te the odbjective physical findings., The effect of exe
posure to dust such as silioa is cumuldative, the rapidity of development of the dis-
ease depending upon the timé and amount of inhalation, Silicesis may develep to the
point of causing symptoms only after several years sxposure to siliolous dust, dut it
may be progressive in scame oases even after exposure has oceased and may cause sympe .
toms or beocme disabling long after the workszan has left the environment that caused
the oondition, Scme may improve or at lesst remain staticuoary in the absense of in. -
foction. WatkinsoPitohford (J. Ind,Byg.S,109 = 1927) tells of Welsh miners whd passed
the physical examination for enlistment in the British Army, fought through the World
Var, then came back to England, and died of silicosis, Unfortumately, it is not
stated whether these persons dled from silloosis ocmplicated with tuberoulosis, Brit-
ton and Bead (J.Am, Med.Assoo, §§, 1928 - 1931) give more detalled desoripticns of

sinilar latent cases in the United States.
is generally agroed that silicosis may be defined

Silicosis in Genersl "It

"A ohranic disease due to the breathing of air centaining silioa

(3102), charscterized anmatomioally by generalised fibrotio shanges v
and miliary nodules in both lungs, and clinioally by shortness of

breath, decreased chost expansicn, lessened capaoity for work, ab- !
senoce of fever, increased susceptibility to tuberculosis (some of

21l of which may be present), and by ‘characteristio roentgenclo-

gical findings.”

In other words, silicosds 4s a diseaze of the lungs in which the normal lung
tiasue i3 replaced by scar tissus due to breathing sir oontaining silios dust, Une
fortunately there 1s Do kmown oure for silioosis - but SILICOSIS and’npearly all

other forms of dust diseases CAN BE PREVESTED,

' Recognizing the wide interest and even hysteris among apprehensive employers
aprinst nhom cladms had bdeen filed by alarmed workers, and the necessity of thoughbe
ful eénsideration of the silicosis problem, the Secretary of Labor on April 14, 1936
oalled the First Netlonal Silicosis Conference attended by more than 300 persons
ropresenting workers, esployers, State and Federal Agenoies, Inmsursnce ccmpanies, and
other interested groups, Four Coarmittees wers arganized to study specific phases of
the silicosis protlem; and assemble the essential facts about siliocosis in a sories
of reports) also to present specific suggestions for silicosis prevention and .
straighten out other difficulties that<silitosis has oreated.~ Reports made vy these
Coamittees were formally sdopted at a sescnd confersnoe held February 2nd and Srd

19?7 in Vashington, from which we guotes
. 18~-0000013
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"ihile a few peracns may still de of the opinion that suoh workers” -
(Workers having s1lioosis ) "are 'through' and decmed to an early death, every
study condusted thus far confirms the faot that the great majority of these
pen will not necessarily progress from dad to worse, Perhape it may be wise
to transfer scoe workers to cther employment, but nmamy may be oontinued at
their regular ‘ocoupations if known methods are applied to oontrol the dust
and if speoial oare is employed to prevent the development of tuberculosis,

paeuzcnis ard other lung complioations”, ¢

" WComtrary to popular belief, silicosis is slow to develop. Usually it takes
seven years or more of exposure to silioa dust for a worker to oontract the
‘diseass, It is said that a few cases have beon kmown to develop in as short

b 4 pericd as 1-1/2 yoears, but these were mder extreme and wnusual omditions,
On the other hand, many workers have ladored wmder ordinary exposurss to
silica for more than JO years without demonstratipp any trouble mhatever that

oould be diagnosed as siliecosis”, . .

For the convenient dlagnosis of silicosis or of silicosis ocmplicated by to-,
toroulosis, the pulmonary changes are olassified in three stages Dy Drinker & Hateh
("Industrial Dust” - 1538), 1In the first stage, the disexse produces no diadility,
The viotin oan work just as well as ever, In the seoond stage, his respirstiosn is
affeoted; he is dothered by dysmmea or ladbored dreathing, In the third stage dys-

‘ yaea beocnes severes and he is likely to oontraot pulmonsry tuberoulosis, generally
with fatal results. Whether he contracts tuberoulosis or not, the advanced silie.
votio 45 far delow normal and iz very susoeptible to all respiratory dissases, .

These three stages of siliocosis oan de distinguished by X~ray. Aowmparison
of the X-ray plates of a sildiootio with those of & normal person of like age and
physique shows, in the first stage, distinctive shadows, evenly distributed in both
Iungs. These may be missed or misinterpreted by any but && expertj but the changes
in the seoocnd snd third stages sre obrious even to & lesyman. It is, of course, es-
sential that the X-ray plates bs properly made. Dr. Panoost and Dr. Pendergrass of
the University of Penrsylvania have given extensive study to the influence of X-rsy -
toohnique on the diagnosis of siliocosis. Pondergruss is of the opinion that shadoms
snd appearances of fidrodis oan be actually produced by the technique employed,
Under other conditions, existing fibrosis can be ontirely missed by uwse of improper '

" technique, .
: §uzcuto; 28 & olass are by no means harmless. It was pointed cut by Dr. Re

R. Siyers (U.S, Publio Health Bulletin 221) that Miners' Consuxption was rather om-
nor in the Broken Hill distriot of Australia where the rock oontains oonsideradle .
s11limanite (Alp S40s), fibtrous siliocate, and a rather low percentage of quarts:

(212, 23%). The stuvdies of Badhax (Rept.Pir,Gen, Pub. Hoealth, New South Wales) give oon-
siderable suppart to W R. Jonest (J,Byg.15,307-1933) ocntenticon that silioates,
partioularly the fidrous varisties, may well be the cause of pulmopary dissbility.
Badhan in 1927 ceined the word SILICATOSIS to oover disabdbility frem the inhalatien

of siliocates, Other siliocates such as Talo (H2 Mg (3103))¢3 Skales Xsolim (Hy Al2

812 09)3 Feldspars Cryolite, (Ne3AlFs )3 and pure Mica give muoh less speoifio ehanges
than quartz, X noderats fidrosis may appear after exposure to numerous materials

but this fidbrosis is uwsually aot disabling. According to Dr. Lauza, "Silicatosis®

41 not & reoognized term in this country and dissdility from the inhalatien of silie

oates has not been proven. '

Dr, Cary P, MoCord (Ind Med, July 1833, pps.4-12) states that all siliontes
taken into the lungs, of partiele size capadle of passing the oellular membrames, ars
1ikely to induce aome fidrosis in excess of norzmal dut the progress of suvoh silioca~
tosis. 13 not nearly so rapid as for silicosis. Tuderoulosis rates are high in sili.
cate uring industries, Antecedent tudberculosis, quiesoent, may flare up as a result
18-0000014
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lead & day, whether this is acquired by dreathing dust or by dr

‘ordinsrily countable,

-

of exposure to silicate dust,

Asbestoris = Asoarding to authorities oited by Drinker & Hatoh in their book
®Industrial Dusts”, the pathology produced by asbestos is not like that of silicosis,

 Dre le U, Gardner of Saranac Lake is of the opinicn that the asbestos fibers group

sbout the neok of an alveclus and shut it off, causing what is knovm as "Ateleotasis”.
There 1a no definite migration or transportation of the dust particles to the lymph
nodes and no fikirous nodules. As the atelectatio areas increase the redustion in
Jung area causes serious dyspues or laborered dreathing. Dr, A. J Tlanta (U.S.Health
Repts., 505 1 - 1935) suggests that the enlarged hearts noted fregquently in his

oases of second 3tage Asbestosis may be dus to the inereased load on the heart, It
takes mors work to pump blood through the fidbrosed than through the normal lwmg, Re-
oent pathologioal studies from human lungs from oases of asbestosis have indiocated a
diffuse typs of interstitsa) fidrosis with a certain amount of emphyzema,

IV « YHAT IS THE MAXIMUM FERMISSABLL DUST CONCENTRATION? - Thers appears to be a
wide variation in the maximum concentration: of dust which might de inhaled without
subsequent Snjury to workmen, Scme dusts (as lead) are determined by chemioal
methode and the concentrations in air are recorded graviretrically as zilligrams per

However, the availables information on the amount of lead dust that 4s .

oublo meter,
" harmful and the methods of determining lead are detter and more acourste than those

Tor silion dust, It 'is rather well agreed that an intake of adott 1.5 milligrams of
water that cone
tains lead, is the maximum allowable quantity. Others (as siliea, where size is a
fuotor in determining dangerous partioles), are usually given by count, XNeither
nethod tells the whole stery, dut in both oases it may be possible to seoure the in. -

formation necessary for the purpose.

T The maximum silios dust ooncentration considered permissidle iu the air bresthe
od by a workman at any point in the normal dieathing zone has not-been definitely es-
tatlished, There is consideratle difference of opinion regarding the range of pare
ticles that are counted when using the Publio Health Service teshnigue and light
£161d 11lumination. Bloomfisld of the United States Fudlio Bealth Servipe and Browm
of tho United States Bureau of liines contend that they oount particles from one mi-

cron and upward, or erven 0,7 mioron and upward, The Industrial Commission of Wis-
oconsin and its Advisory Committes, composed of both employers and scientists, bhowe

. ever, agreed in 1932 on a tentative figure of 15 nillicn countable perticles under

10 miorons in longest dimension with free silica omtent of 35 per cent im a eubie
foot of air as determined by United States Fublio Health Servioe teclmique, Varia-
tions in free silica content will make proportional iuverse changes in this standard,
In the case of practically pure 3ilios, the pormisaible dust cownt should probally
never exoeed 5,000,000 countadle partioles. DBy countabls partioles is meant those
partioles between 0,5 to 10 miorons in the longest dimension, PFarticles of this -
size are the ones that are believed: to cause the greatest damsge and form no visitle
cloud,  Dust partioles smaller than 0,5 mioroms in the longest dimension are not
Dust partioles larger than 10 miorons in longest dimension do
not ordinarily reach parts of. the lung where they can produwe injwy of & respirse
tory nature, Most industrial dusts have but few particles adove twe or three mi-
orons in size, They are usually about S0 to S5 per osut, below two or three micropss? .
and 50 per oent. delow about Q.5 to 0.7 miorons. An excoption to this would ben ”
dust sample taken olose to the point of generation of dust and defare the larger

po.rtielu_hd 4ime to ssttle out of the air,

In South Africa the figure is 1 milligram per oudie meter (or 500 particles
per cuble eentimeter, or approximately 8,8 million per cudic fout.) Iv. lansza foumd
in 1917 in the Joplim, Missouri distriot that with good engineering practice, &
figare of 1 mi1ligrean per 100 liters of alr oould be attained, This value attribdute

. *2 to Lanza appears too high in ccmparison with the South Afrioan standards, 4s there

18-0000015
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are 1,0C0 liters in a oubio moter, it would indicate that Lazza's estimaticn repre-
sonts something of the order of 80 million particles per cublo foot, With good en-
gineering practice, lower oonoentyrations than this can be obtained, In faot the ex-
perience in Sovth Afrios ard also the present experience in this country indicates -
that it can readily bs kept below cne-tenth of this value by using crdinary geod
practices. The Uzited States Public Health Service in its recent study in the an-
thracite region of Pernsylvania, found that 50 million particles per cubio foot with -
5.per oent, quarls in the ocarse dust and 10 million particles per oudle foot with
35 per eent, quarts were apparently satisfactory and often were attaineds The figure
of 10-20 million particles per oubie foot for granite dust with 35 per eent. quarts
content is often quoted from the Vermont granite studies of the United States Publie
Health Service, From a eonsiderstion of general experience, Cummings suggests 8 aile
1ion particles per eubie foot as & threshold for dusts high in quartz. This figure
4s based upon & combination of South Africs, Australian and Ameriocan experience dut

lacks entirely any published data in its support

According to studies quoted by Philip Drinker and Theoders Hatob in their dook
"Industrial Dusts™ 10 to 20 million particles per ocubic foot by the impinger sampling
method, 1ight field coumting 13 & reasobable figure for oement and limsetons, Recént

work by Dreessen confirms the universally socepted opinion that dusts high in oaloite
and low in quart: do not produce disadling fidrosis. The thresheld figure of 0,15 _
milligram per eubic moter is given for lead dust, presumadly litharge and white lead,

or othe: soluble lead salts,

-1t should be noted that many of the dats were not determined as the }Mediocal
requirement, dut as being attainable in good practice and apparently eatisfuotory
froa & safety standpoint, It shovld be further noted that the accepted figures are
only relative due to the indefinite powers of resistance of an individul which are
an unknovey quantity, One individual might resist a propertion of 200 particles per
cublo oentimetei, whils another would resct wnfavorably to”50 partfoles, The works
oris physiocal oondition prior to the exposure is of great importanse, sines & young,
healthy individual usually can etand a higher ocncentration or longer exposure defore
the first stage of silicosis i3 doveloped, However, far greater influence than -
physioal condition might be the ability of the nose and respiratory passages to ar-
rest dust. -

In their report to the Nationel Silicosis Conferonce the Committes o Pree
-vountion of Silicosis through Medical Control pointed out that sinee ptandards of safe
atmospherie dust oonoentration, based on medical findings have been estadlished for
only a'few industrial dusts, and in view of the faet that consideradble etudy and ine
- voestigation will ‘be required to establish standards for other industrial dusts, scme .
tentative standard would be useful. It was also stated that this arbitrary standard
should be dased upon what is believed to be within the limits of good sagineering

practice provided, it will largely control the silioccsie hatard for most industrial

exposures. 7They, thersfore, suggest that

"The paximum permissible cercentration of silica in the air breathed might be
expressed by the followdng formula, (Dotermination of dust conoentration
acoording to tesknique desoribed by United States Pudlic Health eervice in
Reprint Ho. 1520 from Publio Eealth Reports. March 18, 1932)s t

Multiply the percentage of free silics by the total partiale dust
count, If the result is under 5 million, the conditicn may bs cope"
- 8idered permiszsidle, 1f ths result ie over B millica, the comiitiom

zay b¢ oocnsidered too high, Fer example,

102 free silios with an average total dust ecnoentraticn of . \ :
30 mi1110n partioles per cubie foot would give .10 tinss 18-0000018
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30 m411iem, which equals S milldon (good practioe); Sof, with
aversge total dust ednoentration of 50 million, would equal
.S tines 50, or 15 milllon 9 (unsatisfuctery)s
This formula is not applicsdle to any dust contalning less than 5X
froe 3ilos,” ) = : »
Theodors Hatch 1 his article "Scme Pmdamental Data on Meohanioal Dust Traps” (Tech,
Pub, No, 837-A, 80, Amer, Inst, Min. & Met. Engrss, Aug, 1938) gives these
Safe Dust Conoentrations, Impinger Samples;

{Light Field, Low Power Counts,)

Iind of Dust Maximm Permissible Conoentration

cm-.inin‘ no 82488, o . s o s s e e s sTe s 50 millions ’2'l' cubio foot

Containing any small amount of silioa,
. a’.' QNbu'd- e s 9 0.0 8 0 59 0 s 0 30 - - L "
. Coptalning 20 to 40 per cent, ’ . )
Froo S4l40a , + o ® ¢ o o @ 0 o s 0 0 10 " » " o
Greater than 40 per cent, .
' " L] ” »

Froe 811408 ¢ o o ¢ ¢ o ¢ o o 0 0 ¢ o @ .
(Preferably ss much less as possible)

.

Dr. R R Sayers, Medical Offioer in Chargs, Industrial Bygiens and Sanitatiom, U.S.
Public Health Serrvice: in answer to a question as to pernlssible dustiness writes:

. "Duripg reocent years, “it hias been oustamary to- reoommend threshold

or permissidble dust limits ranging from five to ten million partiocles per
- cubls foot as determined by Publio Eealth Service teolmique, especially
with dust in whiok the porveritage of free silica is above five per ocent,

Thers is no basis for the sppliocation of this oriterion to &1l dusts, dut
it i3 generally oonsidsred a safe practice and one which can de-attained
in post industries by exhawat ventilation, wetting, or other methods of

dust centrsl.”

_As pointed out by Drinker and Eaxtoh ("Industrial Dust® - 1938) it is wnfortu~
pately impossidle to evaluate dust exposures with the arithmetical nicety that we
should have 1iked yst it is commonly olaimed « by laymen « that prolonged sxzposure to
low conoentrations s Just a2 serious as short exposures to heavy conoentrsticns,
This elain 1s ocitrary {o a fundavental law of physlelogy., In disoussing the sude
Jeot Clark and Drinker ("Industrial Medioine” « 1935) remark that "..l.e8 subethrose
hold stimulus (dwst inhalation) for & long iims produces no reactien whereas a relaw
tively brief superwthreshold stimulus may cause a rexotion”, If workers are exposed
to sudden heavy concentraticns, the threshold values suggeszted previcusly would be
correspendingly lowered. Eowsver, moszt threshold valusa ars weighed = an aversge
of t'hc ranges, : ' . :

v = HOW HAY TEE CONCENTRATION AND, CHARACTER OF INDUSTRIAL DUSTS BE DETER{INED?
The propsrties of a dust which determine its harmfulness have been shown to be its
vazposition, comcentratica (the quantity suspended in the industrial stmosphere), and
2ta particle sise, ZThe methods used for the determination of the ooncentration and -
oharscter of industrial dusts vary from s routine dust count fur the pwrpose vf
eraluating the effipiency of dust ocontrol methods to a detalled stuly of Loth the
conventration and the charscter of the dust in comnection with mediocsl and engineer-
ing surveys,

18-0000017
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The Impinger Apparatus developed at the United States Burcau of Mines
Pittsburgh Experinent Statienm by George Smith and Leonard Gresnburg, (Duori“od in

Reprint No,1528 fras the Publie Hoalth Reports Vol.47, No.12, Maroch 18,.1932 pm
654-678) has been employed for more than 13 years as a standard instrumsnt for dust
studiss, ‘In this apparatus samples of air are drawn into an inpinger tube and flask
whore the dust partioles are throm or impinged on a prepared wetted glass oclleot-
ing.plate, The rate of air flow is fixed at one cuble foot per minute while the
duraticn of the sampling period is dependent upon the dust conoentration, The air
passes through ap crifice in the bottom of the impinger tube and strikes glass ool-
jeoting plate whioh is submerged in 3 om. depth of distilled water o some other
fluid with satisfactory wetting propertios, (I wator is used as the fluid im the
pizpinger, silioa particles are dissolved--hencse not available for counting =- unless
the laboratory (oounting) work is done within a few hours of taking the sample, )
This affords the means for mocurately detormining the quantity and size of the par-
4ioles. The 11quid is then thoroughly shaken to obtain a uniform distridution of
the particlesy filtered to remove those over 40 microns in size and again sgitated.
Samples of approximately 1 ct. are taken by moans of a pipstte and placed in Sedg-
wiok-Rafter counting cells, The use of a suitable mioroscope equipped with a Whipple
niorometer diso to aid in counting. will psrmit the determination of the mmber of -
particles in one quarter of the mioroscopio field. Frem this figure, the number of
partioles of dust in 1 ou.ft. oan be oxloulated; . One spooial advantage of this ap-
paratus i1s the fact that analysis of the sample oan be determined by counting, by
wolghing or by ohemioal analysis. 7The impinger method is neither simple nor extreae-
1y ocuplex; however, reliabdle results ean be obtained cnly by well trained, ompe-
tont and experienced investigators. However, owing to the wide use of the impinger
in previous investipations that have been correlated with the pathological findings,
an impinger should be used for any investigation whioh is to inolude pathologiosl
findings or where the results are to be introduwied s evidenoe in court, Scme state
oodes on dust ocontrol reoognize the impinger method. The United States Bureau of
Minos has practidally completed the develomment of a "Hidget” impinger mhich has most -
of the good characteristics of the impinger but lacks most of its drawbacks, This
midzet impinger wdll soon be avallabdle and will groatly simplify both sampling snd

oounting.
Other devices are slsc available for sampling of dust orver a ocntinucus period,

namely, the eleotric precipitator, the paper thimble, the eloctrostatio preoipitator,
and the hot wire thermal preocipitator. The English are working on a dust sampling

. instrument which precipitates -the dust from the air by thermal means ("FPhysioal
Hethods for the Estimation of the Dust Hazards in Industry”, by H. L. Green and
H H Wtson, Privy Councll, Hedlical Reseaysh Counoil, Special Series Xo. 190, Eis
Najesty's Stationery Offive, London, (1935))s The %S, Bureau of Mines has deen use
ing an eleotric precipitator similar to those desoribed by Drinker ("Alternating
Current Preeipitator for Sanitary Air Analysie; I - An Inexpensive Precipitater Unit"
by P Drinker, Jour. Ind. Eyg., Vol. 14, 1932, p 364) for ocllecting samples of the

. test suspensions used in testing mechanioal filter respirators for permissibility,

. A mmber of instruments are available for makirg dust determinations for-oon~
4rol purposes, Azong these is the Konimeter which oalls for but 1ittle aXill in
sanpling, It 4s light, simple and quick to handle, needs no power for cperation and
requires only a mioroscope for counting the particles, The Zeisy Xonimeter consists
of a miorcscops which gives & magnification of 200X, an air pump, a dust filter to
rezove very coarse dust particles, a sample dise and a mioraaster ruled in square
zillimeters. The air pump drives s measured quantity of air against the sample dise-
which is covered with a sticky substance (glyoerine jelly). Thia.sample forms.a dust
spot whioh can be examined under the mioroscope for a gensral idea of the mature of
4he dust and the relative quantities present, or for sn actual measure, a "dust ocount®,
vhich shows how many €ust partieles are present in cne cubis centimeter or in one
1itre of the air samples exanined, The Xepimeter has been wied very widely in 18-0000018
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South Afrioa (Final Report of the Miners® Phthisis Provention Committee, Johsunes
targ, 1919, p10) and also iy Canade. The U, S, Bureau of Hines has also used it in
scme of its dust studies, In disouvssing the value of the Komimster in their recent
book "Industrial Dust® (HeGraw-HAll Book Co., New York and London - 1938) Pnilip .
Drinker and Theodore Hatoh of the Harvard School of Public Health writes

."It.4s the most compact and simple sampling device, Space 1is
proevided for thirty samples on a single diso and no auxiliary
source of power is required for its operation. . Grab samples
can be oollected with speed and the fluotustions in dustiness
and the development. of dust floods oan be revealed in a my’
that is impossidle with more cumbersoae apparatus., = South
African oxperience involving the colleoticn of thousends of
sanples has shown that the figure of merit given by the Xomie
reter i3 direotly related to the amount of phthisis « produc-
; ing dust {n the alr, It is a valusble routine sazpling in~
. strusent but because of its low and seleative effiolensy, the
' counts reported are prodably considersbly below the trus level
and they are not easily oonpared with data obtained in "
England, for example, with the Owens apparatus, or in the
United States with the impinger," . . L '

' Experience has shown that oontrary to Drinkeris statement, the Komimeter if
properly used, will give rssults that agres very well with those obtained by the use
of the Impinger. The U.S, Bureau of MNizes Experiment Station at Pittadurgh in making
some comparative studles with the Konimetor and the Impinger found that an aversge of
five Konimeter determinations was within about two per ocent. of ome impinger determis
oaticn. The resson for taking am average of individual results cbtained by the Xeoni.
meter, for compariscn with those of the Impinger, is due to the fact that the Xenile
meter takes an instantanecus grad sample of small volumem and owing to the hetragens.
ous pature of dust in sair grad samples do not represent the average conditions. 7The
Impinger takes s continuous sample of rathor large volumes and is thersby represents-
tive of the avsrages, For these reasons, if it is desired to compare Xominster re.
sults with Izpinger rosults it is pecossary to take several Konimeter samples during

the scourse of the Impinger sample, in order to obtaln average condftions. We have no

oorrelating information of the Xonimeter with the 20 to 30 misrom porcelain filter |
against the standard impingsr mothod.

A Zeiss Xoninster, vsing 2 20 to 50 micron poroeladn filter was used 4n
aotual dust counts in our various dust predwing operations, The partiocle sizs and
size classification was estimated Tather thun soourately measured and eomputed, Only
particles ten miorons or less in size were cowted sinse it is generslly agreed that
dust partiocles larger than ten miorons in size are not particularly pathogenio,

) Other methods. 1n ccomon use are the Owens jJet dust sampler ("Jet Dust Comnting
Apparatus® by J.S.Owens, Jour. Jud. Hyg. ,Vol.14,1932,P,522), which has reoently ‘deen
manufaotured in this ocountry and the photographio dust oocunter, developed by Ficklea
and Ott, The Owens jet dust counter is used in this country to oollect samples for -
particls size distribution determinations, It is used prinoipally in Avstralia for
dotermination of number conventration of atmospheric dust of industrial hyglemis ine

portavoe, S -

. The latest devioe for determining dust concentrations is the Bawsch § Lemd
Dust Counter whioh was placed on the market a few months ago,  This instruzent eon~
slsts of a dark-fleld miorosoope magnifying 200X, and an impiEging spparabts mounted
o3 & coomor base. The base iz 2 hollow chamber with the bdottom hinged to provide
*835y acoess to the dark field condenser and a ciroular glass specimen slide, Bymeans
of a hand pump, which i3 part of the impinging device, & sample of air iy dram

001438 18-0000019
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' cb.rough & moistening chamber which has at its lower end a narrow slit. The dust is

. deposited through this slit on €o the oircular specimen slide in the form of a ridbon,
The slide cam be rotated until the sample comes into proper position for viewing with
+he 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 aocourate dust determination but rather as an inexpensive dovios for
roughly checking dust oonditions, It has not been avallable long enough for athorough

~ test in o.ctual pnctice.

. :l'ho principal objection to instruments 1ike the Bausch & Lomb Dust Cowmter and
the Owens Jet dust sampler for determining number concentration is that their dust
colleoting efficiency decreases with an increase in the atmospheric dust conoentrn-

tion and the fact that ‘.:hey take grab sampleas,

Sinoe the major portion of dust present in industrial atmospheres is small -
enough to gain entramee to the lungs, very 1littlé attention need be.given to determinn-

tions of the exact sizes of partioles.

.15_0009020 . _
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PART II - DUST PRODUCING OPERATIONS STUDIED

WEAT ARS THT PRINCIPAL DUST PRODUCING OPERATIONS? - In order to dstermine to

- what extent if any, workers in the produotion of patroloum produots and assoociated

activities are exposed to the hazard of breathing dust, a survey of all dust produo
ing operations vas made at the various plants concermed. These operations, listed

in order of "their apparent dogree o!‘ dustineu, ares
g 1. SAND - BLASTING

Due to the large amownt of finely divided silica dust produced by the impact
of the grains of sand on the surface of the object being cleaned, sand-blasting is
the most dangerous silicosis hazard encountered im our survey, Sand-blasting is
used rather extensively at oil refineries for cleaning inside soaking drums, bubble
toviers, tar separators, run-down pans and storage tanks for metal inspection and to
permit the application of gunite lining as a means of prevonting sorrosicn. - Header
boxes or other similar parts, tubes in cracking eoil fire boxes and return bends -

‘are sand-blasted to permit a detailed and thorough examination for cracks and de-

fects., Sand-dblasting is also employed in the removal of corrosion from under floate
ing roof tanksy for removing roughnoss or rust from steel shapes or rods; for olean-
ingz bell caps, bubble plates, trays, and pipe prior to putting them back in servioe;
also on tke ends of tubes preparatory to placing them for roliing; and for cleaning .
castings wiich are too large or fragile to withstand being tumbled, It has deen
used, to a limited extent for cleaning buildings and rendering window glass opaque.

) The cracking coil tubes, pipe, bell caps, trays, header~boxes and similar ob-
Jects are usually sandblasted out-doors in the open air or in a more or less open
shed, both locations being as far removed as foasible from any shops, process' units
-or other working places, Coarse river sand is discharged through a one-half tothree-
quarter inch nozzle with compressed air under a pressure of 30 to 90 pounds per
square inch, The men at the nozzles stand to the windward side of their work and
wear a "Healthguard”™ (Chicago Eye Shield Company) mask, a Sly Sand Blast Helmet or a
Fresh Air Hose lMask coverod with a canvas hood. The men at the Sand Blast Machines
wear "Dust. Safe" goggles and a M.S.A."Comfo" Respirator, The Mine Safety Appliances
Company now has a sand-blast hood that is meeting with considerable approval by ine
dustry and also by the United States Navy Department. A blower is available for
supplying air to these hoods that cleans the air, This same blower can be nsed in
oonneotion with air-line respirators. :

‘ -
’ When sand-blasting is dono 1mida of drums having more than one opening, such

as soaking druns, an air siphon is placed in the lower manhole which draws out the
dust and allows a ocontinucus circulatiom of fresh air through the dram, Ia drums .
where the siphon cannot be wsed, the air circulation is poor and the men work in.
shifts ranging from 30 minutes to an hour, depending cn the size of the drum and the
amoun'c of air circulation inside, They also wear an approved sand-blast helmet,

' These sand-blasting jobs sre not oontinuous routine operations dbut are per-
formed vhen necessary by men selected f{rom the Common Labor gangs or the Mason'!s Dew
partment, The work is rotated so that in most caszes it occupies less than twenty
per cent. of the worker's time and there is an interval of 15 to 20 days botween
sand-blasting Jobs. Consequently, on the average, no one man is exposed ta more than
a combined total of 400 hours during the course of a year., In discussing rotation

- of men on sand-blasting Joba. Dr. Gehmnn, Hedical’ Director of the du Pont Compa.zv
wrotox

"It must be borne in mind that silicosis is a cumulative disease and,
therefore, the rotation of men-in this type of work camiot de considerad .
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as entirely preventive, Assuming that s man works in an etmosphere of sll-
ioa dust for several months, during whichtime he is ‘bound to absorb a cor-

tain amount of the dust vhich produses permanent damage in his lungs; he
43 then removed and the possibilities are that the damage whioch is alrcady
done will be sufficient to continue on andprogress to the point where in

vluter years he .will develop synptoms,

"Therefore, if we take to rotating men in this type of work we are
facilhg the possibility of, in later years, developing a large‘nmber of
cases of a moderate silicosis with some permanent disability, The only
safe expedient which can be used is complcta prevention and this can on.ly

. be done by eliminating the dust.”

PR During our survey we found that men engaged in nnd-'bhsting, that is handling -

‘the nozzle or attonding the sand-blast machine, were more or less properly proteoted
~ while actually dolng the work but often times they removed their protective equip-.
ment beforo gotting completely away from the working aroes, .

- A large emount of very small partiocles is produced by sa.nd-blasting. In an
analysis of dust samples collected doth outdoors and indoors during sand-blasting,
the following distribution (Publiec Haalth Bulletin No., 217 = p.52) cmn & sizo fre.

quency basis was found:

Fer Cent of Total

Size Group in Microns

0.00 - 0,4900_0'00'0000009.o-oooooc.-ooo 1.4’
0.50 - o.99.000..0.-0ooo.ooooooo.o'ooo 19.? ) '
1.00 - 10490-01.00.0.0.ooooooooo.oooo' : 34'7
1050 b 10ggoooooco'oooo-o-oooo.oov.ooa~ 2003
2.00~- 2.49..'..0..00...0--0.0.00.0..0 1208
_'2'50.- 2099.0..--.--.--.ooouooo_.coooo. 5.2
3000 - 3{499.00.?..»..00..o.oo-.oao.ooo 2.8
3|5° - s.seoooooooococcococoooccoooccc 106 -
4000 et 4.59.000-..-..0---0-.oooo'o'Ooco 101
‘050 - 4.9900-00.0.0000'ooooo'oco'c-oooo otz
5.00 - 5.490'00..0.'000000000000000.0.. ¢ 0.2
5050 - 5'99.-...0'.00.ooo.ccu.ooo-ooo. 0.2

Vhile st has deen estimated that free silica dust partioles, 1 miorem in dimcter, ro-
quire 8 hours to fell € ft. in still air; particles § miocrons in diameter reguire .
less than 1 hour to fall the same distance, Considering this fact, it is apparent
that the dust hazard from a: partioular operation may, even though cmied out for

short periods, be acute throughout the working day. In view of the fact that the oon-
ditlon of still air is rarely, if ever achieved, and that dangerous particles oxist

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 isoclated
locations which makes it rather improbable that there will be any unsafe silica dust
exposure to other workmen. However, should it become 'necessary for any work to be
done in the vicinity of sand-blasting operations either on process units or the sand-
tlast sheds or yards, it should be remembered that there may be silioa dust in the
air even though it can not be seen. Dust counts as high as 5,344,160 partioles ten
microns or less per cubic foot were found in samples -taken a.bout 50 feet "downwind®
(wani blowing about 15 to 20 miles por hour) while sand~-dlasting.cracking coil tubes;
about 95Z of these dust particles appeared angular crystalline under the Konimeter .
microscope and were about five microns or less in size. Samplos taken about 100 feet
"downwind" fram sand-blasting operation had counts as high as 1,812,480 pu-ticles per

cuble toot.
| 001441
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: Dust counts as high as 13 933,440 and as low as 453,120 partioles per outio
foot were fornd in samples taken during the £illing of the Sand Blast Machine feed
~hoppers, The high counts were found when sand was shovelled into a small oiroular
scroen and shaken by hand, the lower counts, when the sand was simply shovelled in.
to the hopper. The average dust produced by filling or charging the Sand-Bluting
Mackines vas 4, 950,316 particles. ten micrens or less, per cubls foot.

Dust counts as high as 4, 984 320 particles, ten microms or less, were found in
sarples gaken inside a Sand-B lasting Room while cleaning castings, The average dust
in this room during sand-tlasting wee 3,873,625 particles per cublo foot. About 80%
of these particles were angular crysta"line three microns or less in size and about
207 appeared rounded, quartz-like crystals about ten microns in size. There were a
" few rust-like scrles over ten micrors in size and a vory large mumber of minute derk
retalldo particles too small to dbe counted accurately, The dustiness of this: Opera«-
+ion could be greatly reduoced by the use of steel abrasives e:mluai'nly.

A11 of the samples for dust counts referred to abcrve were taken n.t face level
in the vicinity of worhnen.

: 6 000,000. dust particlea per oubic foot is the tentative maximum u.llmble
‘1imit of dust particles containing free silica of a size leas than 10 miorons recow-

mended for sand-tlasting,.
‘ II - FILTERING OPERATIONS

The process of filtering is extensively used in the refining of petroleum
products to improve the colof stability and to remove impurities from motor Jubrie
cants and paraffine waxes.’ The three materials most commonly used for this piurpose
are Filter Clay or Fullers Earth, Contact Clay and Bone Black,  Considerable dust is
produoed by the handling, chearging a.nd reconditioning of those materiala.

A - FILTE’RCLAYORFUI.LERSEARIH:

Yhat 1s Filter Clay or Fullers Earth] Filter clay cannot be identified frem
chemical ocmposition dut consists of silica, alumina, iron and alkaline earths in
varying peroentages, The distingulshing properties are lack of plasticity and the
power to remove color from olls, There are numerous deposits of this olay and other
filtering earths in the United States; the oldest and among the most extensive are
those found clese to the Florida~Georgle line. One of these, at Attapulgus, Georgia,
suppl¥™s a major portion of the olay used by the affiliated Standard 0il Carpamy
(Yew Jersey) organizations, At the mine this material contains on an average approxie
mately 32% silica and 457 moisture. The average caxposition after bqin; pu-ooeased :

snd prepared for shipment is approximatelys

81020-0-...-000;0oooooooooocco 67, 46 Por Om
11208......................... 10, 08
Fezos.....-.'............o.o-... 2049
uso.co-o--o-.oooooo.ooaooooooo 4,09
COIbian Moisturo..,.....o..~.- S.61
Froe Molsture,...cccocecceveecs 6.28

The comparatively low dust counts rc;und even in places where there was cleaning and
sweeping is no doubt due to the fact that this filter clay is of a rather oou-ao DR~

ture and without apprec:lt‘ble amount of fines,

- There appears to be a wide variatior in the composition and free silica cone
tent of filter clays used in European refineries, "Torrama®™ a Gerran Filter clay -

used in Poland shows: -
' 001442
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Loss in ca}cimtion.....u.u.u. B 05. por oent
Hec silie.a (8102)........'...’.. 83‘27 " “
uzoa md Fazos’........"'..‘.“! 8‘27 ” ”

Tf:e riltor' clay used in Roumania 1s roported as having 60,4 per oert, free
silica or 75.37% total silicates, "Granosil" clay used in Belgium contains & total
percentage of 73-1/2 per cent. of silicates expre'sed as S102, The percenta.ge of free

silica was not determined,

ﬁow is: Filter Cley Mined and Pregared'l -« The deposit varies from 2 to 12 feet
4n thickzess, probadbly averaging “about 7 feet, There is an overburden of about 35
foot which is removed by an electrically operated drag line or a steam shovel, The
clay 1s losded into small cars, transported to the wet clay shed where it is dumped
on to the drying floor and dried for three days, It 1s then piokod up by orange peel
. buckets, loaded into portable distributors and delivered to belt conveyors whichdise
' charge the earth into roller crushers where it is reduoced to sizes up to & maximm -of
two inches, From these crushers the clay goes to secondary crushers where it is re-
duced to a maximum of one inch, Since the clay iz mare or less damp very little
dust is produced, The olay is-then transferred to tandem oll-fired rotary dryers,
50 to 60 feet long and six to.seven feet in diameter. In the 20 minutes reguired
for the clay to pass through the dryers the volatile and moisture content is redused
. 40 to 50 per cent, to a maximum of .15 per cent. The average._dust ten miorons or
- 1ess in size in saxples taken at various points around the dryers and cogveyors vas
1,564,969 particles per cublo foot, This rather low dust count is the result of the
: mtallation of hoods with ducts to exhaust fans placed over the discharge points to
- the conveyors or elevators, About 85% of these dust partioles-were angular crystal-
iine in appearance under thé Korimeter microscope and about five miorcns or less in
size; about 15% were over ten microns in size, The larger particles had rough edges
and appeared to contain several small air bubbles. The clay is removed from the
. dryers to hot rock cooling tanks, then to & vibrating soreen. The oversize is next
pulverized in a roller mill and the product comveyed to a sifter, An exhaust system
for the mills and elevators has been installed, This prooess may bs repeated until
~the desired size material has dbeen obtained end graded to standard mesh sizes, the
better known of which are 15-30, 30-60, 60-90, and the 200 mesh, The 60-50 grade is
protably the most commonly used in the petroleum industry vhen decolaring by percolse
tion, and the 200 when contacting. However, the 30-60 is preferred by most of owr
refining units in the United States, The size seclected 1s- upparontly dctemined

largely dy the type of reburning equipment, .

' ms Soreen tests are made hourly te :!nsuro that the sizes aro within tho apeoiﬁ-
ca.tions. Bereare two typicul screen analyses:

30 - 60 GRADE FILTER CLAY

Mesh < , . Per Cent,
0781‘ 30 essvscessssssvevnverescsssse 9.7
30 - 4’0,....0..oo-o.ooo.ooooooovooo ‘705
40 - soovo'.ooo..o....ooooooooy.o.o 40.5
60 - 82'.ooo.-o'aoooo‘ovoooo-ooo-oo 105
Ihru 82oo-oo--'vo.....o‘ooooooooo--oo 5_ 100

Totll * 100._ O
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" FINES (100 - up) GRADE FILTER CLAY

Mesh ‘ Per Cent.
war 97 0000800080600 0000 CPCNSIOIBLIONOIS . 008
22.7

-97 - 157..000‘000...-oooooooooocoo

167- 2ootoutc.o‘ooooo'oocb.oo..ood 800
Im 20000-.000’000..0."f‘ocyooorgoco 6807
o Total £ 100.0

There is very little dust produoed by the sifting operation, All of the oocn~
nections are designed to be dust tight but there is some leaknge, Samples of air
taken at various points around the sifters while in operation bad an average of
'2,208,960 dust particles less than ten microns per cubioc foot. Adout 85% of these
dust particles were slightly angular crystalline in appearanse and five microns or
less in size; about 157 were slightly rounded semi-opaque tenmiorons or over in size,
The larger perticles had small cracks or fissures and several small air bubbles,

: . Men spend about two hours a day cleaning, repairing or replacing silk soroens

in the sifters. Samples taken during this operaticn contained .an average of
2,039,040 dust particles less than ten microns per cublo foot., Lbout 97% of theas
dust particles were angular crystalline.in appesrance &nd five miorons or-less-in
sizej about 37 were opaque over five microns in size,

. After being sifted and graded the clay is ready for shipment, Tho 3060 mesh
grade is placed in burlap bags holding 128 pounds and loaded into railroad box cars;
about 400 bags to a car on an average. Dust counts of samples taken during the fillw.
ing of the bags with tho 30-60 mesh grade show that there are from 7,589,760 to
9,968,640 dust particles less than ten microns per cudbio foot vhilch indicates that
8ll men engaged in bagging and handling dbags in this area should woar approved respi-
rators such as the "L S.A.Comfo”. About 80% of the dust particles in samples taken
during the £11ling and handling of the bags appear slightly angular crystalline under
the microsoope and are five miorons or less in size; 207 are rowmded orystalline, tem

microns or over in size,

Bulk Loading of railroed box cars with the,30-60 mesh grade produses clouds of
dust, but a major portion of this dust is appartitly larger than 30 miorons in size
as samples taken during this dulk loading had an average of only 6,853,440 particles,
ten ifkorons or less in size per cudie foot,

.. The Fines (100-up) grade is put into 128-pound cotton bags. Dust coumnts in
sarples taken during this operation showed that there were from 4,644,480 t014,216,640
dust particles less than ten microns per oublo foot in the alr delng bdreathed by the
© £41lers, weighers, semers axd truckers, About 80X of these particles were rounded,
semi-opaque:crystalline in appcarance under the Konimeter microscope and five microns
or less in size; 20% were semi-opague orystalline from about seven to fifteen miorons
in size. There were also a large number of very small pariticles about cme mioron or

less in sizo, ) .

How is Filter Clay Used? - Upon arrival at the refinery, the dags 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 men do not do this partiocular operation more
than perhaps twelve hours twice a year on an average, Goggles and "M.S,A, Comfo” -
respirators are generally provided. The olay is either trucked or dragged to an
eleovator or conveyor hopper and dumped and the bags are plled for storage. At points
where the clay i1s received In dulk, it is unloaded by a largo wooden scoop pulled by
& motor driven drag-ljne. Unloading, handling, and dumping tlie olay is ons of the ~
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‘dustiest parts of the filtering operation. The amount of dust produced is of course
‘ dependont on how the work is dche, the ventilation provided, and the oare used by the

/men doing the job. Here are same average dust counts of particles less than ten mi.

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

Partioles Per
Cublo Foot

Unloading and 'dumping bags (128 1bs. ) into Hopper at a
Southem nerinery‘.'Q...........'....... 5‘403’456

Dumping clay from Bags into Elevator Hopper at a )
Northﬁm Reﬁnexya 9000000800 Qoaonoao o 2'237'280

Handling bags from Storage and Dumping into Elevator Hopper
at another Narthern Refinﬂr‘y....-....... 75#.150

Inside Box Car D\n'ing Ummdinsooooooocoooooooooo.ocoooo-ocoooooooc 1.110.144
Outside " " svecressecctssevcssesorenssctvenstote 372,924
In Filter House Passageway being used to Truck Clay to :

Elevator hQPPOI'...o--....--..........-u 339,840

Avengo Dust Produced while sweeping up inside car after .
mloading.......-.-...u..........n.... 551.360

Appa.rently unlcading clay in the bulk 13 less dusty than handling and dumping
of the olay in bags. Semples taken during the unloading” of bulk clay gave theae-

average oounts of dust wnder ten microns in size:

Inside car during unloading...................... 862,880 partioles per cub:lo roo'b
O\ItSidO" " 0..0.0000.....0.000-0. 62304‘0 .

There 1s of course more dust produoed in the vicinity of bulk unloadin; than :I.a pro-
- duoed when handling and dumping clay in ba.ga.

: .M‘ter dumping, the new clay is taken by elevators and conveyors to atorage
bins which hold about 20 tons each., This is also a dusty operation due to the failure
to cover the storage bins or to place hoods over the Junotion points of elevators and
belt oonveyors. Samples taken during the filling of storage bins with new oley had
thesze average dust counts of particles less than 10 miorons in size:

Duat over Bins around elmtoru and conveyors during .
" £illing at a Narthern Reﬁnory.......... 1,910,432
nhe " & Corveyors while filling at another ‘
v Northern Refinery...-...................-........... 4,275,842
= " " & Conveyors while £illing at a '
. Southern’ Rﬂfinoryooooooao-ocooooooooc.o.aoooonovo-..
- " Face Level on Valkway over Storage Bins Northern
Reﬁnow while Filling Bin.n..................uo.. 2.307."8

4,531,200

Dust Counts as high as 8,609,280 particles per cublo foot were found in samples taken
near the discharge of one belt comveyor inmto the top of a storage bin., About 90X of
these dust particles appeared angular crystalline under the Konimeter microscope and
were five microns cr less in size; abouvt 10% were black, opa.que, many scale-like in

appea.r..nce and ten microna or over in size, R .

"BURNING" CLAY - Frem the storage bins the ocley is conducted by chutes and/or
conveyors and elevators to gas or oil fired Wedze Burmers or Rotary Burners or Kilns
in which it is "burned” or roasted, and then discharged into rotary.ocoolers where it
i3 cooled, Where all openings, chutes and elevator outlets as well as the ends of.

- rotary coolers are properly enclosed and an exhauast duot is placed over the burner,
very little dust (an average of only 504,160 partioles, ten micrans or less in sige -
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por cudblo rbot) is produced and no respiratory protection is neoessary., Throe types
of burners or kilns are used to recondition filter oclay, Average dust counts of

* gamples taken during the oyer&ion of these burners give a comparison of the amount

of dust (partioles ten miorons or less per cubic foot) produced by eachs

- ' Total General
Type of Furnace Feeding  About Furnace  Coolers Average
Herman-Frasoh 011 or . . '
bGll Firbaoococovao 2.624,320’.0. 3,‘7.00,480..;. 2'732'880..... 2'990’542

"Odgo G&S Firedooooo;c"o 5’399‘6800000 1'522)459.000 2.108"590.00.0 2,395'971
Rot&ry n n srecccvvee 2,067,360-~.- _1,.070,046.-00 3’115,2000000. 1,818,206

The preseat practice of using s campressed alr hose to clean up the clay on

. the various floors of the Furnace House at cne of the Refineries 1s particularly ob=-

Jeotionatle due to the excessive dust (12,687,360 particles ten microns or less per

oublic foot) which 1s stirred up.

. " About 90# of the dust particles in samples taken during the burning of filter

clay were sngular transvarent crystalline in appearance and five microns or less in
size; 5% were round opaque, ten microns or over and 5% were rounded semi-opaque, temn

microns or over in size,
.v Exposure to dust produoeé by buﬁxing or reconditioning clay is rather limited,

- Usually there is one fireman for each shift of eight hours, three shifts per 24 hours

‘and a porter for the day shift only. Since one of the porterts main jobs is to
"clean-up" he 1s exposed more continuously to dust than are the firemen,

B CEARGING FILTERS - The cooled, burmed clay (30-80 grade) is conveyed to the
filters by means of elevators and belt conveyors and charged through chutes from the
“conveyor belt tripper at a rate of from one and a quarter to eight toms per hour,
These vessels hold from seven to fifty tons each. The amount of dust prodwed during
the charging operation depends upon the grade of clay being handled, the ‘rate of
charging, the position of the clay on the conveyor belt, the coddition of the convey=
or belt, tripper and charging chute; also whether the top manhole of the filter is

~ left open .during the filling, A general average of 54 dust counts made of samples

taken during the charging of filters at all of our plants using 30-50 mesh Attapulgus
Filter Clay was 3,717,884 particles ten microns or less in size per cubic fect, The
amount of dust produoed by the charging operation varies considerably at the various

plankg as is shown by these averages: -

Refinery _ Charging Rate Particles per cubic foot
Baton Rouge 8 tons per hour 4,271,413
Bayway -1/ * w0 ‘ 2,435,520
Bayonne -1/2 " .m0 - 2,842,944
Eagle Works 6 row " 1,042,976

It is the general belief that the mors times a ¢lay has been used and reconditioned,
the less dust is 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 samples: taken during this operation were:

2,242,944 particles per cudbic feot .
...0..“00000..0.0. .4’604'832 - n "’ " " 1

# lcllyIO.’O..O..‘.....OOO
¥ 3"
# 10 " tssss0ce. esososssee 3'896,832 " . " " "

" "18-0000027
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Ascording to an analysis of particle sire made by the Bayomne Ladoratory of a
sample of Raw (30-60 grade Attapulgus Clay) No,1,-No.3, eund No,B Wedge clays, the
following is the size claszsifioation or distributions - A

Rew Clay {1 Clay #3 Clay {8 Clay
Coarser than s , .
100'310111 9805%.0-'.'000 9904%....0-..0.98.7%...'...'. 98.3%

Diameter of Particles Raw Clay #35 Clay #8 Clay
Millimeters Microns . Per Cent Per Cent Per Cent
149 o0 .074 149 to T4  0.14365 .|  1.00750 0. 54169
<074 " 044 74 " 44 0. 55095 0. 17186 ‘0. 08449
«044 " 035 44 "™ 35 . 0. 29760 0. 05369 ‘ 0. 04585
.035 " .025 3 " 285 0.21555 0, 03887 0, 01603
.025 " ,015 25 " 15 . 0.17550 0, 01729 0. 00847
.015 " .005 15 " 5 0.11640 0. 01027 . 0, 00338
.005 " ,001 5 " 1 0. 00045 0. 00052 0, 00021

About 85% of the dust partioles in sarples taken during™the charging of #3
clay were slightly argular in appearance and five microns or less in sizej 15X were
rounded semi-opaque, ten microns or over in size, About 757( of the partioles in
samples taken during the charging of #10 clay were slightly angular crystallinme, five
microns or less in size; about 20% were over ten microns in size and were semi-opaque
about 5% were round semi-opaque between five and ten microns in size, All of the
larger particles appear to contain small bubbles, There are mumerous small dlack

specks about ono-quarter mioron in size,

Charging of filters is usually done by one man per shift for each filter °
* house, There are three shifts a day. Theso men have an average sorvioe of about 20
yoars and work elght hours a shift, nine shifts out of fourteen. '

' ' Ventilation is provided in the newer .filter houses by eighteen~inch roof vene
tilators extending about twelve inches above the roof and also by windows which toe
cupy about 80X of the wall space in front of the top of the filters, -

. oQWHPING FILTERS - After the filters are charged with clay they are plated up
and the o1l is allowed to percolate through the clay for several hours, the length of
time depending upon the nature of the 0il run and the "yield" of the clay. The oil

13 all drained off and the clay is then washed with naphtha or "Varsol'™ and steamed
4o remove all trace of the naphtha, After this the filter is dumped on to a canvas
belt conveyor and the clay returned to the Xiln for burning or reconditioning. Filter
clay 1s used as many as fourteen times before it is finally discarded. In order to
determine vhat effect the reconditioning of filter olay had on its free silica cone
tent samples were antlyzed by the New York State Department of labor, Division of In~

dustrial Hygiene with this result: _ .

Times Bumed...v & _Free Silica
.R-aw cl‘y..:oooooﬁogo'oooo 6230 ’
Oncﬂ. ..... e 00000 ssves00 8050 . 18-0000028
Th!'GG.......'............ 9020 ] : ’
Eid‘t...oo.ooooocoooooo. 9.30 001447

Considerable steam is usually given off during the dumpifig which probably
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explains the smaller dust count (a general average of only 2,518,781 partioles ten
miorons or less in sire per cwblc foot) than would be expected. The dustiest part of
- the filter dumping operationis sweeping up the floor under the filters after dump-

ing s completed, Samples taken during this sweeping or oleaning up had as high as
16,538,880 partioles per oublc foot, although the gemeral average of samples taken
during dumping at the verious refinerles was 2,514,816 particles per oudle foot: About
95% of these dust particles are slightly angular orystalline in appearance under the -
Konimeter mioroscope and are above five miorons or less in size; about 5% are rounded
semi-oppque over five microns in size. Occasionally the olay doesn't "flow" when the
" f11ter 1s opened’ and must be started "flowing" by means of an iron bar. This sotien
causes some dust (2,888,640 particles per cubio foot) but not as much as pounding the
bottom and lower sides with a sledge (4,248,000 partioles per ocubio foot) as is scme-
times done, After the clay has run out, the inside of the filter is swept out with a
brocm which produces a 1little dust (an average of 792,960 partioles per oubio foot),
The filter is then plated up and is ready for recharging.

The work of dumping filters is done by wne man per shift, for eaoh filter
house, These men have an average servioe of about ten years and work eight hours a

shif%, ‘nine shifts out of fourteen, They are exposed to dust less than €0 per cenmt,
of their working time, ' :

Spent oclay 1s used to a limited extent for packing around valves and fire hy=
drants to prevent freezing; also for certain other small absording job sucsh as on the °
warshouse {loors of scme of the larger bulk sales plants where lubrioating oils are
transferred from barrels or drums to smaller oontalners, or loaded into five gallen
cans from bulk, Most of the spent clay is disposed ‘of, however, by dumping it on
‘nearby Company property and, to a lesser extent on railroad property near river banks,

. ] -

: Composition of Filter House Adr Borne Dust; Samples of dust from Attapulgus
_ Clay, whioch had settled on the tops of elevator housings and on girders over the

storage bins in filter houses, were submitted to the United States Bureau of Mines Bx-
periment Station for petrographic examination, Ordinarily positive results are not
obtained in petrographlo tests for the identification of minerals in atmospherio dust,
However, the samples submitted were coarse enough to give results in most oases, In
studying the results of the petrographio examinations it should bde borme in mind that
the samples submitted wore settled dust, and that they are not representative of the
composition of the dust that would be breathed generally owing to the differential
settling rates and the ease with which the various mineral oanstituents oan be orush-

ed to a powder,

"Montmorillonite” ((Mg, Ca) 0.A12 03, 5Si 0z. nH20 =~ n=6+tc08) is the miner-
2l that is characteristic of many types of fullers earth. Not all of the less inm-
portant minerals found were Tully identified. . -

Clay dust from tdp shell of elevator - Top §#2, Herman-Frasoh !\n'm:o&

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

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

Quartz - 10% Homtmorillénite - 70% -
Possibly other clay minerals present, opague - 20%

Dust from sccumulation on girder over clq storage bins «~#1 Filter Housa,

o : Quartz - Over 1% _ Montworillomite - 557
' Opague « 40% Unidentified - 6%
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- Control of Filter Clay Dust: Dust in a filter plants results prinocipally 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 dlow soocumulated dust and
gpilled olay from equipment, walls and floors, Handling a fine light dust producing
material, such as filter clay, in a system which inoludes cpen belt comveyors is ine
herently a dusty operation, (12,687,360 particles, ton miorons or less in size, per
cubic foot), It is difficult to prevent some dust frem being generated at wxloading
points where the-clay falls into chutes or bins, but it can and should be comtrolled
by means of hoods, enclosures, and adequate exhaust systems with offective dust colleoe

tors, .

There will alvays be an irreducible minimum of spillage and dust settlement
wherever dusty material is handled in systems such as exist in most refinery f{ilter
‘houses, This is an economiec waste and increases the difficulty of the dust.cémtrol
problem. Unless the present practioce of cleaning dust spillage by dlowing with ocme
pressed air is changed, the necessary periodic ocleaning will ocontinue to be.a very
dusty and unhealthful operation even though all precautions have been taken to pre- -
vent the escape .of dust from clay handling equipment, A modern industrial vac
cleaning system would do the job efficiently, without creating any dust, :

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

. " Bins for the storage of filter olay should be closed with steel decks having
the smallest possivle openings in the form of chutes to receive clay from the ocuvey-
ers, 'If care were taken not to overflow the bins, the dust and spillage oould de

greatly reduced, '

For camplete control of dust, an exhaust system equipped with dust oolleotor,
fan, ducts and hoods should be installed to remove dust {ram the points of origin,
such as, all unloading points (except moveble trippers) of each belt comveyer in the
bullding, new clay bins and burned clay bins. One estimate which has been prepared -

~for such an installation calls for an exhaust system with a capacity of approximately
15,000%cubic feet of dust laden air per minute, and is based on maintaining an dmward
flom of air at openings into hoods and bins at a recommended velocity of 200 feet or
more per minute, In considering dust collectors, it should be barne in mind that the

. cyoleme type will not remove the fine dust particles (ten miormms or loss in size).
which are most injurious to health, and that the cloth bag type filter has been proven

to be more successful in removing these fine partiocles.

Under existing conditions at most plants it is almost impossible to keep the

" plants clean, regardless of how carefully the equipment is operated. BHowever, the in~
stallation of a vacuum system and adequate dust collectors shounld ensourages operators
to exercise more care in the operation of equipment and thus cut down the.amcunt of

dust and spillage, '

‘B = CONTACT CLAY:

) Most ocontact clays, particularly in the United States, are acid treated "Ben-
torite®, Bentonite is a non-refractory clay, a doudble silicate of ircn and aluminum,
derived from the shale of the Fort Benton formation in the upper Missouri valley. )
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There appoars to be a wide variation in the composition and free 2ilica con~
tent of American and Eurcpean contact or activated clays. "Filtrol" an oxtemsively
used American omtact olay 43 reported to comtain about §7% free silios (silioca which
ip insoluble in conoentrated hydrochlorio acid), "Milwhite", another extensively
used American contaot olay, contains 65X free silica, The contact olays listed are

those most extensively used in Europe:

Insoluble in Insoluble in Comoentrated
Concentrated HCL HCL and 6% WAz COz.
b : '
"Ivry" Clay (French).c.caes. T8¢ 0fseceacecanes - 6446%
"Torrana Extra" (German).... 64047 e eceronnnss 27.2% .
"Clll'it“ (Italim)voao..oo-o 490.5%."00000.000. ’ 80.6%

"Ponsil AC", another French oontact clay, has 61, 75% free silica,
The main constituents of "Petrisil”, a German contact olay, are:.

) Tml silic&ooo...'.......Q 51.57%
. Lim’ (C‘O).o.ooooloooo‘o¢o'¢oo 0063%
Aluminum and Iron Oxides.... 18,83%
Loss on ignition (Water).... 23,62%

" The balance prodably conslsts of-
‘potassiun and sodium oxides,

The following is the result of & petrographic examination
of "Petrisil" which was made at the United States Bureau

of Mines experiment station: : _ A .

QMZQQO00_000000000000.0000 8%
Montmorillonite,ceecccsecsns’ 90%
' Unidontificd mnamlsooooooc 8%

The use of contact olay for improving the coler of lubricating oils is a re-
oent development,

At present the price of contact olay is 80 low that it is used only once and
then disoarded, . ’ : ' '

M  Although there are many contact olays on the market, a large percventage of that
"used by the Standard group is known as "Filtrol", oonsequently tiis was ipoluded in

our dust studles, : -

. What is "Filtrol"™ and How is it Produced? "Filtrol™ is a pulverized acid treat

-od Bentonite, used as a decolorizer, absorbent and deodorizer in the refining and
preparation of both organic and inorganic ocils, It comes from "open out” mines in
Mississippl and California, .and occurs in beds about two and one-half feet thiock .

~ under an over-burden of some eighteen to twenty-five fest, There has been scme.doubt
as to its origin, but it is now believed to have been voloanic dust transported by
the alr 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 1ifts the raw material from the storage shed floor and places
it in a hopper out of which it is fed into an elevator by means of a steel pan feed-
or. The elevator discharges into a crusher which brosks the material domn. sufficient

1y to enable it to pass through a screen (three meshes to an fnch) onto a belt con-

~—veyer which takes it to a pre-mixer where it is mixed with water to form a "alurry”.
This slurry is passed into large wooden tanks and treated with dilute snlphurio acid
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) a;ita.ted with air and steam. It is then dumped into thickeners, washed, and deliverw
From there it goes in turn to & pug mill, drying tower, oage

‘ed t0 an Oliver filter,

.and imp mill, and olassifier,
ut into fifty pound Bates Valve paper bags by means of a Bates Bag Packer,

" The finished product is placed in a bin where it is

It is

fhipped in railroad box cars, each having a capacity of fram 1600 to 2000 bags. The
three grades of "Filtrol” in greatest demand are:
RADE Per cent, of Coarser Finer
_(Per cent. thru Total Than 200 - 325 Than
200 mesh) Production 200 Mesh Mesh 325 Mesh
86 - 68 80 14.0% 16, 0% 70, 0%
76 - 88 .16 . 23,04 24, 0% 53, 0%
90 - 83 b 8.0% 2300% 69.05

The only real dust prodncin; operations in the production of Fil'a'ol are the
£111ing, stacking and handling of the fifty pound bags. Samples of dust taken dwring
theae operations. revealed the i‘oncnin;t

Qperation Particles per cu £t
Avorage dust filling bags with 85-88 p"a.de .10,416 098
" .packing room while filling bags 9,572,180
" " 5,845,248

produood in handling of filled bags

An exhaust system has been installed to reduoe and oontrel the dust produood
during the packing of Filtrol. This comsists of & metal hood above the filling tubes
4n front of the machine, with a bacin bslow. A seven-inch duct leads from the basin
and a six~inch duot to a.canopy in dback of the packer, both comneoting with a ten~
inch main duoct vhich runs o a Sturtevant Fan (1750 R.P.M. ) designed to handle 1,620
cublo feet of air per minute against four-inoh water static pressure. A cyclone dust
collector removes the larger particles from the air botoro delivering it to a tubular

cloth dust, oollootor.

About sixty per cent, of the dust’ partioles of aanploa taken during the file
1ing operation are slightly angular orystaliine in appearance under the Konimeter mi-
oroscope, and are about two miorons or less in size; approximately. tweanty per cemt.
appede to bo rounded orystalline, glass=likeé, but with rather smooth edges, and over
ten miorons in size, There are a large number of very small gray-partioles (sbout

“twenty per oont.) oo minute and too numerous to counb wcmtoly. =

.alysis by a oomercnl chemioal la.borutory in lLos Angoloa. culifornil. of a n:uplo
“of Filtrol from the Jackson (Mississippl) plante

Por Cemt,

Silica (8102)O00000000oooo..o......'.... 56. 90

Alunina (uzoa)......................... 13 97
'Fﬁﬂiﬁ Oxide (1‘-‘0203)..................u “l.44
Titmm Oxide (n%)ooocoooocoobcootoco 0010

Caloium Oxide (clo)oo-oooo.oooo-.oooooco 2. 82
m@’Sim Oxide (H )oco)onoaoc‘ooooooo“ 3. 56
hand ms‘n’a’ Dioxide Mz C0EeOPSILOGCOLSPIOPESD - 18-‘00
Carbon Dioxide (?02).)..............‘.... - B 00032
POt“Sim Oxide KzO recocoscvrocovesveses C, 03 -
_ . ..001451

+
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. Per Cent,

.
Sodium Oxide (NBZO)_».oo-.o-...o.-.o-oocto _ 0. 04
Chlorine (n)...,...-.--oooooo..aoooo.oo -
Phoaphoric An.hydridg (P2°5)oooo.ovoooooo -
‘Sulphuric Anhydride (503 )eeceseresccocss 0. 63
_To‘h&l ignition 1033.0oooooo--ooooooooooo 20.00
~Free Holsture....oceveoecceoseconcnsscss 12,23

"1t is customary to separately report materials such as Silica (S102)
* and Alumina (Alp03) in ultimate analysis although the elements are
known to be in oombination with one another. It is difficult to get
ar analysis of ‘ree Silica. and since the quantity contained in Fil-
trol would be very small, we have not attempted to have this par-

ticular analysis made,"”

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

Per Cent,

Holsture at 120 degrees C .eccevveccasee 1646

Loss on 15!11‘5103...............-........ 33.5

In3°1ub1° in cencentrated HCLoo-ooooooc 55'0
(Total Silica and unattrcked orystals)

Insoluble in HCL and in a 5% Na2C03 solution. 15,0
(Siler, quartz and wnattacked crystals) )

A microscopic examination shows a few particles with
"aoute angles", o

’ An exanmination made by the United States Bureau of Minea Experimént Station 1
Pittsburgh, Pennsylvania showed that Filtrol contains more than 1% quarts, 95X _
Montmorillonite ((Mg, Ca) 0,A1203-55102~nHp0--n=5 to 8) and 5% unidentified mineral
A similer examinaticr of Attapulgus Fines (200 mesh) showed 5% quartz and 95% Mont-

morillenite, -

- How is Contact Clay Used? The clay 1s mixed with o0il, agitated and heated, @
ther allowed to settle or run thraugh a filter press, It is then discarded., The
clay is eoither dumped directly into the oll or placed in e hopper from which it flor
into irdwctors or mixing chambers where it is mixed with the 0il and then pumped to
filter tank, The only dusty operations are the unloading of the material and dumpi:
it into the hoppers ar mixing chambers, The higher dust counts with the conteot ols
as compared to filter clmy is probably due to the fact that it is a finer material,
or at least disintegrates more easily than the filter clays studied,

‘ _Sainples taken durii:g the dumping of Filtrcl and Attapulgus Fines into a reao.
tion charber gave the following dust counts,

.Cperation ) Particles per cu, ft.

Avornge dust prc;duced vhile dumping 50 pound 6,768,480
bass ot "F11tr°1“.0.l0..l......:......’..... :

hverage dust produced while dumping 100 pound-
tage of ”Attlmm Fines"..cvecrecacocccee 9.260.84’0

. 18-0000033
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Under the Konimeter Microscope the particles were rounded in appearanoce, The "Atta-
* pulgus Fines" appeared more crystalline and angular, and had a greater proportion of
: particles five microns or less in size than did the "Filtrol". The counts indicate

that more dust results from dumping Attapulgus Fines than from dumping Filtrol aocti-

" vated clay. '

 Dumping fifty pound bags of "Milwhite" (907 through 200 mesh), & Texas contact
clay, into the feed hoppers to the inductors or mixing charbers is an exceedingly
‘dusty ogeration. .Samples taken during this operation had as high as 14,046,720 par-
ticles ten microns or less in size per cubic foot, Samples takon in the middle of
the room just after thirty bags had been dumped into the hopper had 55,847,040 pare
ticles per cubdic foot. Under the Konimeter Microsoope, about 90% of these partioles
appeared slightly erystalline, and were five microns or less in size; 107% were round,
semi-opaque, tem to twenty microns in size,” Thero were also a few scale like par—

ticles,

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

After extensive study and investigation the loca)l management has made arrange-
ments to receive the clay in tank cars similar to those manufactured by the General
American Tank Car Company. These cars are self-unloading and will discharge into an
enclosed hopper. .The clay will then be transported to storage bins by means-of a
screw conveyor. completely enoclosed in ten-inch tubing, It will.-be withdrawn from the
bottcm of the bins, passing through weighing scales, into the industars where it will
be mixed with the oil. This will provide a completely closed system and should

eliminate all air contamination.
C - BONE ELACK OR CHAFRED BOMNE:

Refined wax 4s filtered through bone blaok or charred bome to improve its
oolor, This material is ottained from varlious meat packing firms in finely woven oof=-
Tee bags that hold about 150 pounds each. An open belt conveyer and elevator carry
the btone direotly from the reactivating furnace to the covered filter charging hopper.
letal chutes lead directly from thds hopper imto filters which hold sbout 3,000
pownds of bone black. Upor complefion of filtratiam the bone is washed with "Varsol",
steamed for atout 24 hours, washed with hot water, stecamed for two hours more, and
then damped upon belt conveyers which carry it to the resotivating furnace which 1is
ges fired, The bone goes through the furmace at a temperature of about 1100 degrees
Fahrenheit and at the rate of about 250 pounds per hour, Bore black pan dbe used over
and over again. Three men one on each shif't, with an average service oredit of -
fiftoen years, are engaged in this operation. Their period of exposwre to dust is
about one hour per shift., The greatest amount of dust produced results fram the open
conveyers, partioulsrly in dumping the material from the furnsce onto the canveyer
belt. Samples taken during this operation had as high as 11,044,80C particles of ten
microns or less in size per cubic foot, Consideratle dust (14,273,280 particles per
cublic foot) also arises from the open hatch. 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 reactivated- boane into the chute to the
charging hopper. The dust loss from this filtering operrtlion is estimated to be about

1500 pounds per morth, :

¢ . - . am :

Undor the Konimeter Microzcope about 85% of the dust partioles of samples taken
during the reaotivation of bone black appear to be bdlack, opaque, scot-like, and are
five miorons or less in size; 5% are rounded; semi-opaque, ten mlorems,or more in size.
The angular crystallineand light grey partloles which constitute about 30%.&:;0 probudly

. T ' 18-000
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bone ash, ‘ )

111 - INSULATING OPERATIONS

Insulation plays an important part in the processing of petroleum products,
The two types o©f insulating material most frequently used are "Sponge Felt" (asbes-
tos with ground. sponge to give dead air space and thus increase the effectiveness
of the Apsulatiop) and a mixture of 85% magnesin.and 15% asbestos, Rock wool is
used to & conslderably lesser degree. In the ordinary commercial form, Rook Wool,
'as used at our refineries, does not present a dust hazard. It is also used .for

house insulation, and is.availadle in small nodule form which can de blown into

place, "g85% magnesia” i1s & mixture of magnesis and granulated asbestos and presced
into blooks of various sizes and shapes (usually 16" x 18" x 1-1/2"), Thé mbst dust
comes from dismantling old insulation and grinding sorap material for use as a plas-
ter or "ganister". The average service of men engaged in insulating operations is
about fifteen years, lMost of these men have been transferred from the Common Labor
Department, They work nine out of fourteen eight-hour shifts, in-gangs of fram two
to six men, and are actually exposed to dust faor less than sixty per cent. of their .
‘working time. Goggles are sometimes provided, and ococasiomally MSA "Camfo" Respira-
tors, but this equipment 1s pot used as muoh as it should be, Generally speaking,
sbout 85% of their work is with sponge felt and 15% with 85% magnesia insulatien, )
At one of the larger southern refineries about 300,000 square feey of sponge felt and
50,000 square feet of 85% magnesia are handled a year, ‘

. A = Yhat Physiological Reactions are Provoked by Insulating Materials? Aoccording
to Dr, Leroy U. Gardner (Journ. Indust.Eyg.Mar,1937,V0l.19, No.3, P, 121) asbestos dust
with its fibrous particles does not seem to bo readily handled by the protective
mechanism of the lungs. Quoting from his artiocle: :

"They are not removed %o the lymphoid’ tissus but remain in ocontact
with the delisate walls of the air spaces. They decome surrounded 'by
an iron-containing ococating that fraotures and gives rise.to the peou= .
1iar structures known as tasbestosis bodiest, The fiders are irri.
tating, perhaps because of their form, and they excite a fidbrosis
vhioh begins adout the terminal bronmchioles and spreads to form dife-
fuse patches in the parenchymsa, Often the distridution is sub-pleural,
In the presence of infeotion, the resoticn to asbestos dust is muoh
m DOro Stvere than that oaused by the dust alome," ) .
‘ There 42 nothing in the pertinent literature, nor does the Bureau of Mines
know of any evidense, which would demonstrate magneaite (a natural magnesiu oarbone
ate) to be harmful, It would fall in the class of “nuisance dusts” such as gypsvm,
While many of the so-oalled "nulsance -dusts™ have never beean found -to be harmful, it
is the opinion of most investigators in the field of industrial hygieme that no worke
er should be exposed to any dust in a conocentration exceeding 75 or 100 millions
of partioles per cubic foot of air, ,

. B = Hhat are the Prinoipal Insulating Qperations.and How Much Dust is Prodused
During Such Operations?  There is,  of course, a wide variation in the amount of insu-
lation work and the amount of dust produced. A few examples, however, will give &
good general ldeas

INSULATING 12" STEAM LINES: 6" x 18" x 1-1/2" blooks of 85% mag- |

nesis are tied on the steam line with 14-gauge galvanized wire and .
covered with roofing paper to make it waterpreof. Often times this

work is performed cn acaffolds twelve to fifteen foet-adbove the ground, -
with men lying en their backs under the line part of the time, - -

18-0000035
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Considerable dust (as high as 18,124,800 particles of less than tem
miorons per oubio foot) results from tapping the blooks into place,
Samples taken during the entire operation had an average oonocentraw
tion of 8 881,760 particles per cubio foot, About 90X of these dust
particles were slightly angular, orystalline in appearance and above
five miorons or less in size (as seen umder the Eonimeter Miorosoope)s
57 were rounded opaque, ten microns or more 1n size; and 6% were
opaque soale-like, five microns or more in sire, Samples taken while
epplying asbestos sponge felt to a 12" steam line had a dust consen~' -
tration as high as 23,788,800 partioles of ten microns or less in
size per cublo foote The average was 12,574,080 partiocles per oubio
foot. These dust oonoentrations are cmsiderod too high for work-

ing without adequa.te protection.

INSULATING A 750-POUND CRACEING COIL ACCUMULATORs 6" x 36" blooks
of Johns-Manville "Fire Felt" are first applied and plastered with
_extra AA Rubberoid Asbestos Cement and waterproofed with Johnse

Manville "Insulkote", The dustiness of handling these materials has

" been oonsideratly reduced since the manufacturers began shipping the

"Fire Felt" in oardboard cartons oontaining thirteen or twenty
blocks, and the plaster in hundred-pound paper dags. Samples taken
during this operation had an average dust comoentration of 4,502,880
particles, ten miorons or less in size per oubio foot,” About 'ISX of
. these dust particles were slightly angular in appearancse, five mi-
orans or less in sizey 107 were scale-like; opaque; and 15X were

rod-llke and fibrous, . -

INSULATING mEA.TING PLAN:!' ACID SUCTION LINE: Seotions of “Sponge '
Felt Pipe Cover” are out to fit pipe lengths with an ordinary carpen~
tor's hand saw, This operation produces on an average 821,280 pare
tioles of dust, ten microns or less in size, per oubic foot, Under
~ the Konimeter }uoroaoopo 21l of these partiocles are slightly angular,

orystalline in appearansce, and five miorons or less in size, The
blooks or soctions of the pipe oover are held in place by wrnppin;
#18 gaugoe galvanized wire about each cmes

~ INSULATING CRACKING COIL HOT OIL LINES: A1l hot oil lines st orack-
ing coils are insulated with 2" asbestos tubing (858 magnesis and 15%
asbestos) held in place by fine copper wire, Seotioms of the tubing
mtre cut to fit particular areas Yy means of an ordinary oarpenterts

hand saw. This produces 7,788,000 partioles of duet, ten mioroms or
less in sire, per cuble foot, Under the mioroscope, 90% of these ™
dust partlicles appeared to be rounded crystalline and about three mi-
ercns or less in size. Each section of tubing is pounded into place
with the open hand so that it fits sougly againat the pipe, and then
wired into positiom. The dust produced from beth of these operations
averages about 3,379,520 particles per cubie foot. Under the miero=
scope, appro:dmtely 80% or 90% of the dust partioles appear erystal- -
line, more or less angular, and five microns or less in size; the re-
maining 10% or more are rounded in appearanoe, and over ten microms

in size,

v DISMANTLING OR REMOVING OLD INSULATION: As a general rule, the . .
disnantling or removal of old insulation is a more dusty operation - -

-~ than the application of new insulation, The old insulatlon is chopped

* or out rdth a hatchet or small hand-axe, and pried loose and pulled

off with the hands, This produces dust econcentrations as high ss -

5,890,560 partioles, ten miorons or less in sizo, per oubio foot, In -

18-0000036
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dismantling an old cracking ooil 4" tar line, the average dust conoen~
tration was 2,322,240 :partioles per oubic foot. In appearance these
pertiocles were clear crystalline, rather rounded, and five miorons or
less in size, No fibres weroe observed in any of the dust samples from
dismantling operations, After a few weeks or months service, insulaw
tion on hot lines dries out and appears to disintegrate, This is probe
ably due to the fact that suoh insulation is usually covered with a
weather~proof material which prevents absorption of moisture from the

lk‘o -

CRUSHING SCRAP ASBESTOS: Scrap asbestos inszulation, usually the
85% magnesia type, is crushed in a belt-driven Willdams orusher to pass
through & soreen with one-inch holes or slots, and is then mixed with
new asbestos to make insulating plaster. This operation, which is a
very dusty ome, is performed by two men, with an average servioce oredit
of about twelve years, Goggles end MSA, "Comfo" or Willson Dust Respiw
rators ere worn. Considerable dust 1s produced in breaking up the .

- sorap insulation by hand prior to orushing (20,195,200 partioles, ten
miorons or less, per ouble foot), and also when feeding the orusher
vhich 12 .done by shovelling the broken-up pieces into the hopper and
poking them down with a short wooden stiock (14,839,680 partiocles per
oublo foot)s Dust counts as_ high as 27,527,040 particles per oubio
foot were found in samples taken: fram over the hopper, These dust ocon< ~
oentrations are dangerously high., About 95% of these partioles are
sharply angular, crystalline in appearance and five microns ‘or less in
size; 5% are opague scale-like, six microns or more in size, Crushing
sorap asbestos is not a steady routine operation, the exposure varying
from eight hours a month to about twelve hours a week, co S

CRUSHING QLD CORK INSULATION: This operation is performed spproxi-
mately twioce a year and takes about twenty or thirty minutes, The in~
" sulation is orushed on a belt-driven Willlams orusher, by the same men
who orush the sorap asbestos, This crushed oork is used for insulating
1lines in the ocld settling plant. The average amount of dust produced
is 20,018,178 partiocles, ten miorons or less in site per oubic foot.
 About BO¥ of the particles are slightly angular, orystalline, in ap~
- pearanmoce, and five microns or léss in size; 20% are round, semi-opague,
ten miorons or more, There are also a large mmber of very small black

or dark grey speoks,
* IV . GUNITING OPERATION

L 3

: Vhat is Gunite and How is it Applied? = Gunite is a mixture of approximate

one part (one S4 pound bag) of Portland Cement and two parts (twelve soocop shovels
~of olean sharp sand, The sand and cement are mixed dry, shoveled into the hopper.

of & Gunite machine, using water under about 40-pounds per square inoh pressures and
compressed alr at thirty to ninety pounds per square inoh, It is applied wmder pres-
sure, as a semi-fluid, against the surface to be protected (usually process equipment,
such as, oracking ooil soaking drums and storage tanks), In practioally every case
vhero guniting is done, it follows -immediately, after the sand blasting job used to
olean the swrace, In most cases, the work 1s performed by the same orew, The indi-
vidual holding the gunite nozzle is provided with the same protection aa is the
operator of the sand blast nozzle, and the men tending the gunite machines are pro- ..
vided with respirators and are required to use them while actually handling the sand
and oement. This involves mixing the materials and charging thém into the machines
(The two dusticst parts of a guniting job), Samples taken during these cperaticma
showed the following dust counts of partioles ten microms or loss in sires
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oporation ‘ Partioloa per ow ft.

Screening sand prior tonixing with cement., 2,493,160
niﬁnz b‘-tohQ....!.l.".'..".!..D........ 1’699.200
Shoveling mix into hopper.................. 6,485,280

About 40% of the dust particles in samples taken while mixing the batoh and
£111ing the hopper were orystalline, quartz-like in appearance, and about five mi=
orons in #ize, The remainder were dark grey in color and below one micron in size,
The dust particles in air coming out of the bottom manhole of a soaking drum being

ted averaged 528,640 partioles per cubic foot, and were slightly angulu',
orystalline in appearance and four miorons or less in size,

A gumite crew consists of six men. The everage service oredit of the. a;en in
the Crews studied was eight yeara, Two "nozzle-men" who "spell" each other e-vex-y
two or three hours apply the gunite, There is one man at the gunite machine, and - -
three men soreen the sand and mix it with cement, Only about 25% of their working ‘
time, or nine hours per week per man, 1s devoted to guniting,

- Removal of Gunite Lining: Pneumatio chisels are used to remove gunite lining,
Samples taken from inside a oracking coll tar seperator during this operation had as
high as 16,595,520 particles of dust, ten microns or less in size, per cublo foot,
and an average of 10, 804,080 pn.rtiolas per cubic foot. “About 75% of these: particles
were rounded, angular, more or less opaque, in appearance, ome mioron or less in
gize, and 257 were angular, quartz-like, about ten microns or less in size., A chemie
cal analysis of the gunite lining showed that it contained 68,2% free silioa, Four
men {rom the Plant Labor Depdriment, with an average service of seven years, spend
about twenty hours per week removing gunite linings from prooess equipmemt.,. An air
syphon provides ventilation, and the men are required to use the goggles and respira-

. €ors which are furnished them,

V - WELDING AND CU'ITING OPERATIONS

. Welding has never been considered a dust-producing opeution. However, our
studies and those of others indicate that the use of the modern coated eleotrodes or
rods produoes a large amount of dust in addition to the fumes whioh are evolved, An
eloctrio arc is used for most of the welding around refineries. There are a number
of welding jobs, however, for which oxy~-acetyleme is used, Oxy-acotylene is alac
used Lor practioally all burning or outting.

A = WELDING OPERATIONS:

1. ELECTRIC ARC WELDINGs Flectrio arc welding is used am all types of ocop-
struction and repair work., The average servioe of the electrio welders is
atout two years and most of thom came from the Labor Department, having
been doveloped into welders at the individual plants. They are exposed to°
particulate matter generated by the welding operation on an average of six.
hours per shift, nine shifts out of fourteen. This particulate matter is
ordinarily referred to as "fumes or smokes". The particles when found
have a muoh mmaller size range than that of dust, such as silioca, With same
operations there may also be same dust presemt, but the product formed frem
volatilizing the metal and rod ocoatings is commonly termed a "fume™. ALl
welders are provided with approved hand shisld or helmets eguipped with #10
Noviweld lena. Welding in shops is done in nanvasz or wooden booths. A .
~Etesm or air syphon 4s installed when any arc welding is done 1nside of oloaod
‘vossels suoh as drums or tovors,

Whag are Coated Electrodes?. Coated electrodes are motal welding rgdg coverod
18-00

211 JAM 014705 0014



. with a composition which prevents oxidation and permits the formation of stronger and -
more uniform welds. : -

What Do These Electrodes Contain and What Products Result From Théir Use? In
general, the coatings used in modern coated welding electirodes ars patented or trade
gecrots, with special virtues attributed to each. oObviocusly, it is inadvisable to
put into these coatings materials which might produce products hamful to man,
Nevertheless, chemical analyses of both the coatings and their produsts indicate that
.the oontinual use of saume of these rods might possidly lead to ocomplicatims.

> e
' Most of the arc welding at our affiliated plants is done with 5 Fleetweld
coated electrodes vhich come in two sizes (5/32" and 3/16") and with General Eleo-
tric W-20 5/32" coated rods, Other rods sometimes used are 74 Stainweld EagS alloy -
wolding rod, 5/32" Stainweld A rods for stainless steel, and Murex Niokel Stesl ooat-
ed rods. Among the constituents of some of these electrodes coatings ares '

. . : . Per Cent.
Coated [Electrode Brand Si02 Fluorine Calcium Fluorlde
‘"Fleetweld", Linooln Electric Coieeoess.s . 30,26 - R
- "Murex". American Metal & Thermite Co.....28.05 - . -
"USS Cr-Hi: 18"8", Aner, Stee_l & Wire Coveee 370 20 - o . 14. 50
"Stainweld”, Lincoln Electric COsece.cvseessl2.101 21,20 43.50
"Rezistal K~-A-25", Crucidle Steel Co......24.03 ~ 13,40 - present

All of the above coatings also contain Iron Oxide (Fe203) Manganese Oxide,
either }Mn203 or MnO or both, and Aluminum Oxide (Al203), in varying perw
oentagos, o " _

. . . 3 .
‘The coamposition of the fluxes or coatings used in G & E types We20, W-22 and
* W23 18 not available, but it is known that they contain amounts of free silicates
and froe silica, According to determinations made by the General Electric Company,
thé maximum concentration of froee silica on any of their electrodes under a particular
set of conditions is 1,575,000 particles per oublo foot of air with W-20, 778,000
with W=22, and 1,093,000 with W~23 wnder other conditions the ooncentrations might de
higher or lower than those given. The maximum permissible concentration as listed .
by the Metropolitan Life Insurance Compamy is 7,000,000 partioles per oudble foot of

air, . .

Coatings also contain cotton fiber, cellulose, or other organic pulp which
crenkes funes, but sinoe we are only concerned with dust in this study all f\me pro-
duoing materials will receive no further consideration. - i

Yeldling oorrosion-fesisting s+eel with coated eofrosion-rearaéin; steel eioo-

ti_-_odes forms .a slag, among the major constituonts of vhich ares
"Stainweld" USS CR-Ni 18-8 "Rezistal®

n\iorine (P)ovaooooooaco-a-qo-.oooo;oo 11.4%...-0000 606%.000..0000014‘9%
81113& (SiOZ)-.A...-..!.o......o..-..- 2501_7“..0.0.038’5%0....00..013.-3;‘
Irﬂn' Ch.rmim and l‘.nnganosoﬁzidoa... 22, 3%-.oo-oo'24o2%-ooo-o’|0‘1502%
c&lcim Oxide (c‘o)"ooooooooo.oo:ooo- 500'7%-00_00._0002800%090000..002607%

The ma;joz; constituents of dusts separated from atmosphere by gravity and ool~
lected from the bottoms of welding chambers after welding corrosior-resisting steel
_Plates with coated corrosion-resisting steol welding rods ares”

-
-
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"Staimveld” USS CR-Ni 18-8 "Reristal”

81110“ (Sio )o..ooo...co..oooo.o.... 11‘0%‘00000"0 19.6% [ EE XX R X N 10’%
Caloiwm Fluoride (caF )ooooooa-ooooo 4005%ocoococﬂ 11.4% esscceve 23;4%
Oxides of Irw. Alwminwm and NkaOL 3002%00000001 52.1% ev0csove 3608%

The rollowing is an interesting comparison between the campositions of dust
formed when usifg bare mild steel electrodes and vhen using coated electrodes for

wolding bgalva.niz ed steels .

Brand - Bare Electrodes _Coeted Flectrodes.

d % Zn0 | % FegOg % Zn0 | % Fez03 |.
"Fleetweld” 782 | 20.0 67.5 351. 9
"Wilson" 62,6 60,5 78.8 2L5"
"Murex™ 60. 5 40.0 72.C 28,0

i . : -

""" Investigations have shown that there may be as mwh as a five por ceat. varia~
tion in composition of dust produced by the same make and kind of elootrodo when used

under constant conditions:but dy different operators.

Ferrie oxide (Fo203) which cianates froam all welding arcs, regardiess ofthe
type of ocoating, is disagreeable but not harmful, Conoentrations of iron oxide of abdout

 ten milligrams per cubio meter are said to be entirely non-injurioua to the reapirn-

tory organs. ‘ -

- Breathing the dexse clouds of fumes of :ino oxide, formed mhoen the zinc of the
ghlvanized coating is boiled off by the heat of the welding aro, causes what is cam~
monly known as "fime fever”, This is evidenced by nausea followed by chills and wne
‘pleasant fever. The fume fever does no lasting harm except after prolonged exposure,
and the effects are not cumulative. Ordinpary ventilation. which is necessary in any

welding oparation, is considered adequate to prevent ﬁmc fever.. _

What Ia The Amovnt And What Are The Charaoteriatica of Dust Produoed Eym

Various Electrie Are Helding Ogerationa‘t There 1s a wide variation in the amount and
character of dust produced by different types of rods on different mtorials under

different operating conditlena °
FRIE, OR DUST PRODUCED BI ARC WELDING

-~
‘Material Being | Electrode | Size of | Partioles | Characteristics of Dust
Helded Used |Electrode {Per ou, ft, | Particles, (Sizes snd Per- .
_ ' centages Estimated) -
Rivets inside | G-B W=20 5/52% | 20,050,560 | About 98% angular orystal-
Croas Coil Conted . 1ine, § microns or less in
Drum, - size; 2% rounded semi-opague,
: ' 10 microcs or more in sizo.
Mild Stesl G=E W=20" 5/52" | 14,839,680 | About 80% rownd black or red-
Blanks Inside | Coated . ) E - | d4dshbrorm specks, 1 microns or
Bopth. loss in size; 20% slightly angu-
‘} lar orystalline, 10 microns or
.1less but mostly about Smiorons
_ and large number reddish dromn.
apecks too small a.nd .pumerous
. tc ocoumnt,
. - 18—000004(
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FELk OR DUST PRODUCED EY ARC WELDING (Contimmed)
_ 3 \ _

JAM 014708

Material Being | Electrode | Size of | Particles Charaoteristios of Dust

Yelded , Used |Electrode | Per ow, ft. | Partioles, (Sizes and Per-

centages Estimated)
1/4" Boiler ~ |35 Fleot- 5/32" 111,441,280 | About 80%eagular crystalline,
Tlath Inside.- | weld 3 microns or less in size;
Rooth, Coated 10% round semi-~-opaque, 10
microns or more in size; 10%
opaque scale like, 10 miw
crons or less in size. Count-
less mumber of minute par-
_ . tioles, reddish brown smudge,
- 1.1/4" 3314 #5.Fleei~ 3/16" [19,861,793 | About 957 angular crystal-
.Steel Expan- | weld "] line, 3 mioroms or less in
sion Joint iIne | Coated sizes 5% rounded semi~opaque, .
- side Booth. 10 microns or less., Counts
' less number of partioles
a . reddish bromn smudge.
1/2" Rolled |#5 Fleet- 3/16" 2,265,600 | All partioles 5 microns or
Steel wold - | less in sigze; about 10¥ .
(55,0003 per Coated angular semi-opague,
8q. in, Tensile I B
strength) 'In- . ‘
side 6+Foot
- Dia, drumnear
head. of closed
end,
Welding Flange | Hurex 3/32" 2,756,480 | A1l particler 2 mioroms or
on 4" Steel Coated ' less in sizej.slightly
Line-Pipe, In-| = . angular, - glass-1like; dark
side Booth, grey smudge. .
8" Boiler  |#5 Fleet- 5/32" 450,880 | About 75% round, metallio
Plate Inside |weld opaque, 5§ miorons in size; -
Booth. © 1 Coated 25%. sémi-opague, orystal-
line, Countless mumber of .
minute particles

Welding Rive |5 Floet- §/32" | 6,456,960 | Anwout 90F sharply angular

otz in weld ’ crystalline, adbout 1 micron

Courtney £dge | Coated or less in size; 10%

Inside Cruck- rounded semi-opaque, 5mi-

ing Coil . erons or more, Countless '

Soaking Drum, number of minute particles.

18-0000041
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FUHE OR DUST PRODUCED BY ARC WELDING (Continued)
* .

Materiasl Being { Electrode | Size of Partioles Charaoteristics of Dust
Helded - Used Electrode | Per cu. ft. | Partiocles, (Sizes and Perw
ol centages Estimated)
18-8 StainTess | Stainweld 5/32" 849,600 | About 0% slightly angular
" Stedd Band at A semi-opaque, Smicrons or
Top of Soaking | Coated less in size; 207 rounded,
Drum Manhead ' over 10 miorons; 20% -
very glass-like, 10 mi- .
crons or less, oo
1/2" Boiler G-E W20 . .83/16™ | 23,222,400 | About 80% semi-opaque, red-
te to 6" Coated dish brownrounded, orystal-
Pipe Inside line, &6 microns or leas; 20%
* - Booth, round globules of metal §
microns or more in size,
Countless number of small
' partioles, "
1/2" Boiler Roebling’ 5/32" | 26,592,480 | About 90% black opaqus, 1
Plate to 6" Iron . micronor less in size; 5%
Pipe Inside Rod roundedmotalllic globular,
Booth. 5 miorons or less; 5Xslight~
‘ 1y angular, semi-opague, ‘
orystalline, 3 mioroms or
loss, Countless number red-
dish dbrown partioles,°
Back Nelding | Fleetweld 5/32" 362,496 | About 95% black opaque
a Flange on #1 , metallioc, 2 nicrons or
8" Standard ° | Coated less; 6% angular’orystalline,
Pipe in Oute b miorons or less, Counte
side Welding lesas number of reddish
Shope o brova particles,
Rpok Welding ( Fleetweld | - 5/32" | 1,000,640 | About 95% black opaque
a Flange on - metallio, 2 microns or
6" Standard Coated less; SX angular orysta-
Pipe Inside 1line, 5m1erom or less.
Booth, Countless number of
: ) black partiocles,
Welding Riv- [Flestweld 5/32% 6,253,056 | About 95% angular crystal-
‘ets Inside - line, 6 microns or less,
Cracking Coated mostly arownd 2 microns5%
Coil Vapore seni-opagque, round, 5 mi-
izer (MHild crons, Countless number of
Steel Alumie " black partiolcs.
num coated).
13—0000042
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FUME OR DUST PRODUCED BY ARC WELDING (Continued)

Material Being |Electrode | Size of | Particles | Characteristics of Dust
HWelded Used {Electroda| Per cu., ft, | Particles, {Sizes and Per-
{- ' oentages Estimated)
Welding 2" Ring Fleetweld 3/16" | 27,662,976 | All partiocles less than 2
on 1" Mild - |#7 ' miorons. 70% roubd, opaque;
Steel Boiler | Coated 30% slightly angular, orystals
Plate d a line, Countless number of
Inside Booth. black particles, reddiah
brown smudge.
_M11d Steel Stainweld 5/32" | 2,605,440 | All partioles blaok opaque,
. SorapFlates | A 2 miorons or less in size.
Inside Booth. Coated
‘EngS Steel Stainweld 5/32" | 12,460,800 | About 80% angular opaque,-2
‘Inside A miorons or less; 20% slight-
Booth,  Coated 1y angular orystalline, §
: T microns or less, Countless
nurber black partioles,
: : <brovmish grey swmudge, .. -

The U,S.Navy recently conducted some extensive tests with coated electrodes,
and found that the quantity of dust or fumes developed while welding on galvanized
steol plate was greater than when bdare steel plates were used and the dust remain.
ed in suspension for far longer periods of time, It was alao found that the
average size of the dust particles was 0,27 microns and that there were 130,000 par-
“tioles under four microns diameter per cubic ocentimeter, Quoting the Navy reportx

"It is apparent that consideradble quantities of dust are found in any arc
welding operation. The dust formed when operating on plain mild steel-
or corrosion resisting steel is largely derived from the flux coating on
the eleotrodes, as is shown by the oomposition of theu dusta”,

What Physiological Effect on Welders is Produced by The Use of Coated

Electrodes. According to a study made by Doctors A, T, Doig and A PsGe.. noLaughlin
on 1yngs of Eleotrioc Arc Welders (Lanscet - V.203 771 = 775 (April 4, 1936)), defi-

nite pulmonary lesions which gave rise to striking X-ray changes in the appearanse
of the lungs were found in welders which had breathed the dust or fume from coated

_eleotrodoa. Quoting Dootora Dolg u:d MoLaughlins

-

: "The eleotrodes or wulding ‘rods which cantain a core of metal and an
outer covering are consumed gradually by the heat generated (about 1500°C, )
during the welding operation., The metal 3n the core of the rod becomes
molten and, assisted by the flux comtained in the ocovering, 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 oxidizéd metal, usually in the form of iron oxides.
In addition the fumes prodbadbly contain gases such as nitrogen peroxide and
ozone vhich are formed by the action of an electric spark cn the air., The
camnposition of the ocoverings of the elesctrodes or welding rods becomes, in
the circumstances, a matter of Scme importance.. Many substances., all of -
which we do not propose to enumerate, are used. The basis of the majority
of the coverings is. sedium silicate which acts as & flux. Again, tho

001462
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coverings of a certain type of electrode contain ssbestos, The rods are
sometimes dipped in & mixture containing powdered asbestos and sodium sili-
cate, or asbestos yarn is wound rownd the rod and fixed by sodium silioate,
In some cases the asbestos completely oovers the rods, and in others it is
merely a cord which ia wound spirally about the rod. .

"2he oomposition of tho fumes arising from electric welding eleotrodes
has not yet been fully investigated. Mr. L.C, MoNair, E,M, Engineering Ine
specypr of Factories, has however had partial analysis made of the fumes
evolved from an asbestos-covered electrode and some asbestos fibres were .
found. When the particulate matter of the fumes was oollected in anOwen's
dust-oounter, it was seen that a large proportion consisted of iremn oxide
part:lcles, with an occasional asbestos fibre.
"The X-ray appearances in the well-marked cases differ from the usual
ploture of asbestosis. . In none of the positive cases and in only ome of
the suspicious cases was there any dlurring of the diaphragmatio shadom,
. and in no case was the heart outlined blurred, The line of the interlo-
bar septum (a.feature present in a number of films of cases of asbestosis)
13 soen in only one positive case, The opacities in the films are not so=-
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 mrkodly
affected. Before asbestosis can be eliminated from the differential = -~
diagnosis it must be remembered that the asbestos fibres are being aubjoctod
40 intense heat and are not in the same physical state as the fitres whioch
are inhaled by workers in an asbestos factory. ‘It is possible that a
typical picture of asbestosis might be prodused by the inhalation of alter-
ed asbestos. Merewother 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 silioosis, certain radio-
" graphic appearances may be looked upon as typical of the disease, frequent-
1y modificaticns of and departure from the typioal picture oocur!, The
*  Xeray appearances in our cases most closely resemble those of a fine silie
ooaia, but the oclinical featuires show two important differences. In the
Tirst place, the electric welders whom we oxamined are all in good health
and are fit to work. The only .symptoms observed were slight cough and
. .morning expectoration, and in the first case a small haemoptysis ocourred,
This man has not been away from work evem for a day since he was first
seen in June, 1933, and his health at the present time 12 good. Nome of
+M® men szuffers from dyspnaea, SOcondly noné of them hu oonocmitant

‘pulmonary tuberculosis,

“mliary tuberoulosis can be ruled out of the differential diagnoe
8is for clinical reaszons, and to same extent on the radiological appear-
ances, None of the cases shows the dyspnaea, cyanosis, and tachycardia
- of acute or subacute miliary tuberculosis. Chronic or healed miliary -

tuberculosis is rare and it i3 diffioult to imagine that & oandition 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 moro unirom.

J Y ﬁn'ther possidble explanation of the X-ray appearances in this - .
geries of cases is that the inhalation of small quantities of nitrous
" fymes together with the. superadded effect of fine ircn oxide dust might
set up Small sreas of chrenie inflammatory change, ooncestion, or fi-
. brosis in the lungs, Again. the iron oxide particles might bo opague
to the X-rays and produse the pioture without the usociaéed presence -
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of fidrosis and congestion.”

2, OXY-ACETYLENE :SLDINGs Oxy-acetylene welding is more or less oonfined to
small repair Jobs or to certain emergency operations where arc welding is not
available or practical, Exposure of men doing welding is more orless irregu-
'~ lar. They usually wear American Optical Company or Willson Welding Goggles

- with #4 Noviweld lens. The amoumt of dust produced by oxy-acetylene welding
is considerably less than that caused by the use of coated electrodes in are
welding, acd varies considerably with the style tip and welding rod being
used asPwell a% the material welded, as is shown by the following table:

-DUST PROGUCED BY OXY-ACETYLENE WELDIN

‘Material Being |Melding Rod | Tip Used | Particles Per |Cheracteristios of Dust
‘ 1: ' Cu, ' Ft. Partioles (Sizes and Per-

HWelded
P v oentages Estimated)
Galvanized | Norvmy Adrco 396,480 | About 70% s1ightly angular,
Hetal Hood 5/32" #4 | semi-opague, greyish, 5 nmi-

crons or less; 208 rounded .
semi-orague, greyish oryse
talline, 10 microns ormore;
10% amorphous, soale-like;
10 miorons or more in size.

Welding Shop. .

T 1/4" = 2". Bar | Oxwelé cops | Adrco 509, 760 About 80% blaok opague, 1
Iron, Yelding | perized #8 ' ' : micronor 1ess in sizejabout
Shop. | steel 3/26" | , 20% rounded, orystalline;

5 microns or less :Ln size,

1/2" Boslér = | Oxmeld oop- | Oxweld | 1,019,620 | About 80% rownd, semi-cpague,
FPlate, Soft perited’ #6 5 microns orless insize;

Steel, Weld~ | steel 1/8" | _ ' 10% engular orystalline,
ing Shop. Countless mmber of small

’ , black partioles,
1/8" Galvan- | Oxwveldcop- | Oxweld 1,359',’%6 = | About 80X rounded, semi-
iged Sheet = | perized -|#6 i opague, dark grey, lmicren.. | ..
Ird®, Weld- | steel, * 1 or loss ingizes 10X slightly
ing Shop. 1/ angular orystalline, Smi-

crons or less; 10% sharply
angular orystalline, 5 mi-
orons or less; countless
mmber of small dark grey
particles, )

“elding Teeth | Sirmons Saw | Aero- 1,472,640 About 98% round dlaok opaque,
on Band Saw, Welding Plane ~ . about 1l micron or less in
Rod, 3/64" | {2 - size; 2% s1ightly angular,
. ‘ : orystalline, 3 microms o

) -, . _ less in size, :

-

E = BURMING OR CUTTI'G OPERATICNS:
71, WITH OAY-ACETYITIE; The xy-acctylome toreh iz used both in the gonstruotion
| ) . 18-0000035
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Matoerial Being ] Particles Characteristics of Dust Particles
Burned Tip Used | per cu rt. | (Sizes and Percentages Estimated)
Burning 6" Oxweld 1,869,120 | About 75% round dlaok, 2 microns
Flues (1-1/2" | #2 . or less in size; 20% slightly
thiok) Out of angular, crystalline, 2 miorons
. Shell Still. or.lesz; 5% opaque, scale-like,
- : various sizes,
' 1/2" Bollor. Oxweld 2,718,720 | About 9C% semi-opaque, black, 2
Plate (soft 4 : i migrons or less 10% round, dark
steel) : ' | grey, over 5 mioronms in sirze, -=

=38~

and the demolition of process equipment and works structures, It also plays .
an important part in emorgency and rescue work. Gogglos with shade #5 Novi-
weld lens are provided and their use is required. At the larger plants men
with an average service credit of six years spend about three-fourtks of
their working time on cutting or burning operations (about half their time

is given to "burning steel” for new construction). The amount of dust. pro-
duced is usually greater than that caused by oxy-acetylene welding.

DUST PRODUCED BY OXY-ACETYLENE BURNING

2, MHITE NATURAL GAS: A large part of the burning or cutting at one of the
larger southern rofineries is done with oxygen and naturul gas (60 pounds

" per square inch pressure)., .A special torch with a 1/16" x 5/16" tip made in

the refinery shops is used. Two men with sn averagé servioe of thirteen
Years spend & major portion of their working time on this natural gas. They
wear goggles with 35 shade Noviweld lers, Samples taken while burning holes

" 4n 3" standard pipe in the yard outside of welding shop with oxygen snd natu-

rel gas had a concentration of 471,811 particles, ten microns or less in size,.
per cubio foot, About 75% of these particles were slightly angular crystal=
1line in appvarance wmder the Konimeter miorosoope, and were five microns or
less in sizo; 25% were rough scale-like, opaque, ten microns or less in sise.
There were also manmy mimute particles,

G S——————  SSSND  SSE—————

study was confined to the fumes or dust produced by Helding and Cutting opera-.

tiongthe pbssibility of lead poisoning from welding or outting iron plates
that have been previously coated with red lead shovld be pointed outs Lead
poiscning from this source is rather common, especially in outting up.ocld
sorap, bridges, tanks, and other iron strvotures that have through many years

* of use received protective ooatings of red lead, The action of the flame

volatilizes thils lead material and creates a smcke that 1s poiscnous, The
same hazard exists in outting out rivets in now structures.

It should also be pointed out that scame of the weldirxg rods oontain
manganese which is very poisonous when taken into the body. There is an mp-
parent hazard from volatilizing this material, or rather changing it to tho
oxide of manganese, and breathing the fumes produoed. .There are further dangers
from carbon monoxide and oxygen deficienoy owing to the ‘use of gas-cutting or
welding flames inside small tanks or similar confined spaces.

: It is beooming more. axd more i-eoo;nized.that persons enigaged in outting -
- and welding operations, cither by arc or flame, should have respiratory protec- .

+ion, in all work where there is a possibility of the worlmen dreathing fumes
ard dusts created. . . : ' N
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" VI .- GRINDING OPERATIONS

Power grinders are perhaps the most universally used of the small power-
driven tools. The usual power grinder, commonly known as the emery wheel, ocmsists
of & cast metal stand and two mbrasive wheels mounted on a through shaft rhich is
either belt or motor driven., There are also several grinding wheels, such as are
found on machine tool equipment where grinding takes the place of lathe and planer
work, Al grinding operatiors produce dust to a greater or lesser degree, depending
on the compositian and construction of the wheel, the material being ground and tho

vontilation or exhaust hoads provided.

. What is the Camposition of Grinding Wheels? Grinding wheels are made of ,
either bdaurxite which is mined, or silicon carbide which is made by heating a iike
ture of quartz zand, coke and common salt in an eleotrio furnmace, The beuxite or
s8ilicon cardbide are orushed to the desired grain size, mixed with an adhesive sube
stance called a dbond, and formed into wheels, discs, oones or oylinders. There are.
many wheels in which'the binder is shellao, rubber, bakelite and other organic come
pounds. Bauxite wheels are known in the shop a2 "Alundum" and "Aloxite", while
silicon ocarbide wheels are knomn as "Crystolon" and "Carborundum”, Altmdtm'rdxeelu
should bs used on materisl of low tensile strengths such as oast ironm, brua. alumie

mm, ocopper and wblo.

- .
- -
- -

1s Abrasive Dust Harmful? According to Dr. W, Irving Clark in a pa.per read
at a meeting of Government 0fficials in Industry (Boston - May 21, 1931) the artifi-
_cal abrasives, aluminmm oxide and silicon carbide do not contain free silioa and
their dust cannot. produce silicosis, The dust, 1ike any othér inorganio dust, oan,
however, if breathed for s lang period of time in large quantities, produce en X-ray
pioture similar to that of early silicosis, This picture changes very slightly as
-years of exposure increase, and at no time are the nodules, characteristioc of silie
cosis, evident, Unlike siliooals, there is no progress in the prooess after expo-
: cure ceases and there appears to be no marked physiocal disabtility. Although there
is no siliocosis, the X-rays do show signs of pneunooonioais. . ;

: c-.rbomdm dust, ohemic-.lly, ia silicon oarbide, Aocordin; to mller and
Sayers (U.S.Pub,Health Rep. Vol. 49 #3 of Jan. 19, 1934) carborundum dust when ine
Jeoted into the peritoneal cavity of guinea pigs prodused no reéaction and was termed
"inert®, Dusts such as quartz sand flint - silicosis produoing duatl - prodmed s

~prol:u‘arat1vo reaotion, . 4 S 0

_ Leroy U. Gardner (U.S,Pub,Health Rep. Vol. 50 #R1 of May 24 1936) repor'ba
that carborundum produces practically no reaction when inhaled by 5\:111«. pigs in.
high concentrations over a period of time, Quoting from Dr. Gardnerts article, 'I:he

pa.rb portaining to oarbormdum dust:

"The dust which does reach the trachecbranchial lymph nodes apparent-
1y laoks the proper physiocchemical properties to stimulate any but a very
slight proliferation of conneoctive tisasue. In the lungs, there is prao~

tically no fibrosis,”

The Journal of the Jmerican Medioal Asscoiatica. (Notes and Queries 103, 1472,
1934) makes this statement regarding the health harard of broathing dust from arti-

ficial abrasives: . .

"Only silica (Si02) 13 ca.yable of inducing silloosis; but any other
.7  mineral dust under conditiens of prolonged and gross exposure may cause
. some increase in pulmonary fibrosis, - If the relative potential harm of
silica is rated as 100, these-other non-to:do mineral dusts may be ratad -

S _ .7 718-0000047
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: only on the order of § or 10."
N o Despite this cmnparatively low rating of harmfulness of these dusts it is -
) generally considered advisable to use dust hoods and exhausts wherever practical as
"~ there is clinicul evidence’ that workers exposed to heavy concentrations of dust of
" any kind are more liable to develop diseases affecting the nose, throat and chest
during the winter months than those not exposed to dust. Dr. chrk believes that
an effort should Yo made to keep the dust count below twenty million particles of

. less than ton microns per cubic foot of air,

1. whnt are the MHore Frequently Used Types of Grinders, the Quanti‘by and Cha.racter
of the “Dust They Produce? The grinders most commonly found 1nthe re!‘ineries md ¥ ¥

sociated aotivities are:

o A - TANDEM FLOOR TOQ, GRINDERS: Tandem floor tool grinders, the most" {ro-
quently used type, are in most cases motor-driven and operate at a speed of {from
1450 to 1850 RFt. The type of wheel or grinding media selected depends upon the ma-
terial. to be ground. Generally speaking, the wheels found in most of the machine

) shops and wood working shops around our refineries used:

1-1/2" x 20" Norton Alu:ndu:n (Grade P, Grit 46) wheels for
sharpening tools and for general service grinding, ~

1-1/2" to 3" x 14" Carborundum vheels for miscellaneous
grinding,

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

) Scmetimes two different wheels are used on tandem tool grinders; for example, a 2" x
14" grain 24, grade Q Nortom Alundum vitrified wheol on one side and & 2" x 14" grain

44, grade N Alundun vheel on the other side,

The unount of dust produced ‘uy the operation or tandem tool grinders depends
primrily upor the composition of the wheel and the hardress and character of the

| otjeot being ground, Theorstically, the operating speed and the pressure should
also be determining faotors, but these were not studled. The following are average

B T dustcounts of pa.rticlos ten microns or less per cudbic foot in. samples taken in the
breathing zone of the person using the grinder during: the grinding of various. o'b- L
~ Jects gn various wheels of tandem floor grlndern s

) : Partiocles per

: Operation oubde foot
Grinding Cast Irom on 2" x 12" Aloxite (46M Grit) Wheel...e.eeee 11,648,960

" & Steel Sleeve cm a 1/2" x 10" Carborundum Wheel....... 8,127,840

weoom Bard Steel Chizel.cn a $/8" x 8-1/2" Alundum Wheel... 7,476,480

"L R Y/ e Carborundum Wheel. 1,670,880

» n w nooomom3AY x 10" . 906,240

" " Pneumatio Tocl Steel Chisel on a 3-1/2*:14" Norton

Alundum (3836 - 0.53) Wheel............u............ 1,869,120
" Chiszel Bar on the same wheel (3838 - O, 5B Alumdwm)... 4.134,720
" Tool Steel Chisel cn s 1" x 10" Carborundum (Grain

46“) m"’l'........'...‘.‘........."..'.'.....".... 2 594 nz )
; " Tool Stoel on & 2" x 14" Alundm (24 grain, ;rndeQ} mel 398,480
i Q _» (44 M 1,019, 620
4 n & Lathe 1‘001 on a 1/2" x 12"% " (Grade P) wheel....... 339,840
" " L - o " R) "™ Leesees 1,331,040 .
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opsration (Comtinued)
» "

Particles per °
oublo foot

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

Whetliseeooos 362.498

" Mild Steel on a 1“'1/2” X IO"AJ.und\m Wheoelisevessoeesese 6,855,200
" steel Dies on a 3“ x 14" Carborundim Wheel,seeececoccscse
" Squaring Shear Blades an a 1-1/2" x16" CarborundumWheel, 2,577,120

56,640

Dust Préducgg By Operation of Tandem Floor Grinders, As would be expooted,

there is a wide variation in the appearance of the dust particles under the Koni~
These éxamples however. will give an idea of the characteristios

moter microscope.

of the dust prodused during the operation of Tandem Flo_cr_' Grinders:

4

Material 'Bains Size of | A Charaoteristics of Dust Partioles,
. .Ground Wheel Type of Wheel | (Sizes and Peroentages Estimated)
3* x 3% M4ld | 1-1/2" x 10"|Alundwm About 70% angular orystalline, &
Steel Bar o (Grit 4s, miorons or less in size; 30% me-
Grade P) tallioc shredsy 10X white opaque,
- , slightly angular, over 10 miarons
nany small blaok specks, :
. Tool Steel 2" x 14" Aundun vit- About 90% angular oryrb'a.nine, 2
~ jrified (Grit | microns or less® in size; 10%
7 44,Grade M) opaque, 1 micron or less insize,
) | Tool Steel 2" x 14" .il\md\m vite About 60% round, semi-opague, 10
‘ (Same ma- : rified (Grit microus or less in size; 40%
terisl as 24, Grade Q) angular opagque, § miorons or leas
above) ' o in size, _
Lathe Tool - 3" x 16" Carborundum About 75§ round, orystalline, &
y (Grit 30 miorons in size; 25% slightly
S . Grade K) sngular. ‘ :
Chisel Bar ' 2-1/2 x14" Aundwn ‘About 70X slightly angular, S
-~ (3836-0. 5B) micrcns in size; 30X black,
' opaque, motallio, -
Pasunatio 2-1/2" x14" |Alundum About 98X round, black. opague,
Eand Tool (38360, 58) one micren or less in size,
-Steel : '
Chisel . ©
Lathe Tool - : - |1-1/2"x12" |Alubdwm - About 50% angular orystalline,
' (Grade P) 2 miorons or less in size; 50%.
. " round, black, motallie, 1 mi. |
] oron or iess in size,
Lathe Tool 1-1/2" x12" |Alundum About 76% angular orystalline,
_ (Seme as (Crade R) 2 miorons or less in sizes 25%
i) above) . round, black, metallic, 1 mie
v — .oron or less in size,
. . ' - {8-0000049
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DUST FROLDUCED BY TANDEM FLOCR GRINDERS (Cancluded)

Characteristios of Dust Particles.

Material Boing | Sizeof
Ground Wheel | Type of Wheol (Sizes and Percentages Estimated)
Cast Iron 2" x 12" | Aloxite About B57 sharply angular, orys=
. (6rit 46, talline, 5 microns or less; 10%
Grade M) rounded angular crystalline, over

> ‘ 10 microns; 5% opaque scale-like
: _ ] nmetallic, 10 microns or less;
‘ - large number of bdlack metlllio
spooks,

- 1

Where "hard" wheels are used for grinding soft cast steel, about 98% of the dust par-
ticles are metallioc and less than one-half micron in size,

' 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 variation in the mumber
of men exposed and the length of such exposure to dust prodused by the operation of
tandem floor tool grinders. In only ocne case was-a respirator wWOrn. Gogg].u hnc
boen provided and their use requiréd in most cases, ' - J

B TANDEH BENCE GRINDERS: These grinders are small in size and are used for

a}m-penin; small tools and light grinding. They are all motor-driven and cperate at
about 3400 R.P.M, Different grade rheels are used, usually 1-1/8" x 8" Carborundum

(Grain #80) on one side, and on the other & 1" x 8" Carborundum (Grain #30), :The
amount of dust produwed by the operation of tandem bench grinders varies with thema-
terial being ground and the composition of the wheel, but these average dust oounts

are fairly repres entrt:lvo:
Particles per cu. f't,

- Operatlon '
Grinding Cold Chiael on 1-1/8" Grain #80 Carborumndun Wheel.... 5,909,440
"1*x8" " 49 eeee 8,401,600

" 1/2" Boiler Flate on 1" x-8"#90 . - 12, 460, 800

" Hard Steel Chisel on 5/3% x8-1/2" Aundum |
(Grain 46 Crade P)o..:.ooooooooooooooooooooo’ ‘7 476 480

st particles in samples taken during-the operaticn of the tandem 'benoh

grinder have the follonin; oharaoteristios: o -

Material Being | Sizeof 4 Charscteristics of Dust Partiocles.
Crownd Wheel [ Type of Wheel (Sizes and Pércentages Estimated)
Mediun Steel [1-1/2"x8" [ Carborundun About 75% slightly angular orys-
Cold Chisel (#80 Grnin) 4alline, 5 miorons or less in
' . size; 20% round opaque, metallis,
one mioron or lessy 5% semi~
opaque, over 10 microns and look
- liko chips of glass.
Medium Steel |1" x 8" | Carborundmm About 80% roundopague, 2 miorons .
Cold Chisel (#90 Grain) or less in size; 20% s1ightly angu-
{same tool as lar orystalline, § microns or
Above) . less in size, . .
"18-0000050
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DUST PRODUCED BY TANDEM BENCH GRINDERS (Congluded)

Material Being| Size of _ Characteristics of Dust Partiocles,
Ground Wheel | Type of Wheel (Sizes and Percentages Estimated)
1/2" Soft ‘13" x 8" Carborundum About 90% round, black, metallio,.
| steel Boiler - (#90 Grain) 2 microns or less in size; 10%
" Plate {Taking slightly angular crystalline, 5
" off rough . microns or less in si:e,
edges) _ : ‘
Hard Steel 5/8" x Alundum About 85% round, black opaque, 2
Chisel 8-1/2" (Grain 46, microns or less in size; 15% .
. Grade P) rounded crystalline, 10 microns
or over. )

C - SIKGLE FLOOR TOOL GRINDERS: There are only a few ain le floor gr:lnder:
in use, They frange in sizé from 1" x 10" motor-driven (1750 RRM) to 2-1/2 x 20"
belt-driven (1250 RPM) The larger size is used for heavy grinding such as blanks

and large toolsy the smaller sizes for sharpening tools and misoellanecous grind-

ing., The wheel on the large grindér is Carborundum (#9C Grain), For the smaller
size class Grain 46, Grade Y Carborundum wheels are used on the 1" x 10" and Grain
24, Grade'Q Alundum wheels in the 1-1/2" x 14" size, . Samples taken during the opera~
‘bion of Single Floor Grinders had dust counts as follows:

-

Operation . -Particles per ocu, \:N:.

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

(Grain 24, Grade Q)eeveesescsccseses 679,680

LA Chisel on 1" x 10 Cuborundum Wheel ’
(Grain 46, Grade 1‘1)........... sevoce 2,59‘,112
- 1/2" x 4" Mild Steel Bar on 2-1/2 x 20™ L
: Cerborundum Wheel (Grain 90)........ 4 451,904

weneBhe- hoods which almest ocmpletely enoloso theso wheela a.ot L ¥ ] practioa.l dust oollecw~

tors,

Du.'.t particles produced by the foregoing grinding had these cha.ncterixtioa
when examined under tho Konimeter m:loroscopo: _ - ~

Matersal Being | Size of Charsoteristics of Dust Particles.
Ground Wheel | Type of Wheel (Sizes and Percontages- Estimated)
Hard Steel 1-1/2" x Alundum All pnrtioliu were 2 microns or
Tool Bit - 14" (Grain 24, less in size, About 60Z were an-
Grade Q) © gular crystalline; 40% were
. rounded opaque, .
1/4" 2* Mid |1" x 10" Carborundum | About 98%were black opaque, 2 »i-
Stéel Bar (6rain 46, crons or 1ess insize; 2% slightly
: , Grade 1) angular,5microns orless in size,
4 1/2"x4" M11a  |2-1/2"x207  Carborundum | About'85%were s1ightly angular
Steel Bar o ‘(Grain 90) erystalline, b microns or 1oss dn
. : eizejabout 15% black semi~opaque,
- angular metallis, 2 microns” or
less in size,
18-000005
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- D « TCIVERSAL GRIIDERS: As the name would indicate, universal grinders are
. used for .a wide variety of purposes and therefore are in more continuous opera-
tion than are the other grinders, with the exception of the tandem floor tool grind-
"ers. There are two types or makes, the Brown & Sharpe Universal Grinder which has
an operating speed of 3750 RPM, and the Grand Rapids Universal Grinder which
operates at about 3850 RRAM, The following abrasive wheels are used:

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

1/2" x 7" Horton Co.. 3846 I 6B Alundum wheol for grinding
high speed tool steel. :

2" x 3-1/2" Carborundum Co. grit 401-P-25, type 12
- Aoxite wheel for grinding case hardened steel.

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

1" x 10" LI . "  " sharpering
; tool_a,. reemers, dies and drill dbits,

. . Seamples taken during the operation of the various Universal grinders had
dust comxbs- as followss - e e -

Operation Partioles per cw It
'Dressing'l/z" x 7" Alundun (3846 I 8B) Wheel with a i '
. "Dimond-Pointuoo.voaaooooo‘ooooouoocbnooooooooocoooooooccoa 1.397,120
) (Evidently the clouds of dust which come off during
dressing have particled larger than 30 microns)

Grinding High Speed Tool Steel on 1/2" x 7" Alwundum Hheel -
‘ (3846 b ¢ BB)dooaoooqooooo.oooooooooooooo. 1,846,464
"  Hardened Carbon Tool Steel on 1/2" x 5" AlundumWheel - '
0(3846 J 53)...0.0.0ooooo.-'c.ooooooooooo. 6’583,520
¥  Case Hardened Steel on 2" x 3-1/2" Aloxite
(Grit 401 - P - 25 Ty'po 2)..00-...00.-'.0’-. “.980
Cutting off Tool Steel with 1/4" x 10" Carborundum Wheel.... 1,416,000

R N A N N s

Dust particles in semples taken during the operation of Universal grinders

have thWe characteristicss: . , .
Matorial Boing | Size of " | Charsoteristics of Dust Particles
* Ground ° .Wheel | Type of Wheel (Sizes and Peroentages Estimated)
Dressing Wheel | 1/2" x 7" | Alundum -| About 807( slightly angular eryl-;
| vitha _ (s846 1 8B) talline, About 3 microns in size;
"Diamond Point" | 20% black opeque, round, about 1
’ " micron or less in size,
High Speed  |1/2" x 7"| Adundun - . About 60X opague angular, about 2
Tool Steel (4 -| (3846 I 8B) microns or less in size; 40%
Landls Pipe ' slightly angular, orystalline, 5
.\ Chaser) . - : .microns or over in_siie, N
18-0000052
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Material Being | Size of v ;
" Ground Wheel | Type of Wheel (Sizes and Percentages Estimated)
Hardened Car~_ |1/2"x5" | Alundum About 307 angular orystalline,
| borated Steel (3846 J 5B) about 2 microns or less in size;
| (Pipe Grip fox. 70% round black opaque, less than
Pipe Machine) 1 mioron in size, Numerous black
, , : speoks too small to coumt. Several
large oblong black opague par-
ticles about 20 microns wide and
35 or 40 microns long. '
‘Cese Hardened |[2"x5-1/2"| Aloxite A1l particles bleock opagque, 1 miw

1/2" x 4" to 6" Carborundum (Aloxite) wheels.

-

’ . - ,
Dust pertiocles in samples taken during the operation of Universal grinders

" have these characteristics (G,ontinued_)s

Characteristios of Dust Pa.rbio,los. F'

Steel (Plumg-. (Grit 401-P- cron or less in size,
- ers for Fill- 25 Type 12)
ing Machine) . . .

E - SURFACE GRINDERS: Surface grinders are used almost excluslively on valves
and dies, They are equipped with either 1/2" x 8" Nofton Alimdum (1946H) wheels or
No dust collectors are provided, the
dust being thrown out into the atmosphere, Samples taken during the operatiocn of
surface grinders had the following dust concentration (10 microns or less):

Operation Pertiocles per cu, f't.

- Grinding Soft Cast Steel Valve on 1/2" x 6" Carborundum
« no_ﬁ»to uheeLo'ooooaoocooooooo‘oa-ooooo.o 666,400
"'  Tool Steel Die on 1/2" x 8" Alundum (1946H) -
.wheol........Ov.’....’v.:d.......‘........ - 1'019‘520
Dressing Surface of 1/2"'.:: 8" Alundum Whesl with a "Diamond '
. ) Poin‘b oo-ot.oooooo‘ooooooooooooooooboo-c‘

1,132,800

About 70X of the particles from grinding the steel die were metallic, 3 mi-

crons or less, whereas 98% of the particles from grinding the soft steel yalve were N

motal;éo. Many of the particles ware too small to identify or count accurately.

F - LANDIS TOOL GRINDERS: Landia tool grinders are usually equipped with two
different types of wheels, cne for side grinding and the other the ordinary type. -
1~1/2" x 12" Carborundum Aloxite (Grit 40, Grade H, Bond 33) 4s used for general .
purposs grinding such as dull chisels, diamond points, ocld chisels, flanges and
scrappera, - The Side Grinding Type 4s usually a 2-1/2" x 1-1/2" x 12" Grit 46A-P
P678 Aloxite drand AA wheel used for grinding Landis dies, At one plant the whoels
of the Lardis tool grinder are oenclosed by hoods at the rear of each of whioh is
attached a two-inch pipe connected to a three-inch pipe which discharges into a
sewer, Suction is induced by a stream of compressed air {rom a half-inch pipe in-.
serted in the two-inch pipe just back of the hand. This arrangement sots as a sy-
phon and pulls the dust away from the person using the grinder, - Samples taken durw
ing the operation of Landis tool grinders had dust conoentrations as followsy :

. . 18..0000053 -
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Operation . Pariicles per ou., ft.

Drescing 1-1/2" x 12" Aloxite Wheel (Grit 40,Grade H,
Bond 33)...0.."......0. 226’560
(Evidently particles in the cloud of dust thrown off by
the 2-1/2% x 6" Metcalf Emery Wheel Dresser are larger
than 30 microns in size) ,
Grinding "Diapond Polnt" Chisel on 1-1/2" x 12" Aloxite Wheel
. (Grit 40' Gr.&do E)p.onc.o..oooooo‘o9oa.-ocooa-ooo-oo.o.ooo-‘
Grinding 2-1/2" x 6" landis die on 2-1/2" x 1-1/2" x 12"
Aloxite Wheel (Grit 46A-P P67B)eccecscecsvoccrcrescarsacces

2,067, 360
755, 203.

. TUrder the Konimeter mlicroscope dust particles in samples taken while dressiug
" the 1-1/2" x 12" Aloxite Wheel appeared s1lightly angular with a yellomish tinge and
were five microns or less in.size, About 75% of the particles from grinding the .
Landis die were round, opaque, and less than 1 zicron.in size; 25% were slightly
angular crystalline, less than 2 microns. Partioles from grinding the diamond point
ohisel were less quartz-like than those from grinding the die, This differense is,
"of course, due to difference in the composition of the two wheels, On an average,
Landis tool grinders are used about twenty hours a week, usually by different men.

' G « YANEEE DRILL GRINDER: Used for grinding all-types -of drill bits. Has a
side grinding type 1" x 1-1/2" x 9" Carborundum Aloxite (Grit 30, Grade M, Bond 28)
Wheel, Operating speed 1735 RPL. On an average a Yankee Drill Grinder rums about

three hours a day and i1s used by four different men with an average servioe of

twelve years. :

j Samples taken during the grinding of a 2-5/16" high speed drill bad an sve-

" rage of 1,000,829 particles, ten microns or less, per cubic foot, About 70% of these
dust partiocles are slightly crystalline in appearance, five miorcni or less'in size;
30% were rounded, semi-opaque,. over ten microns in size. There were also a few
small metallio shreds. No exhaust or dust colleotor 1s used in this grinding. -

i

. H » AUTOMATIC CIRCULAR SAW SHARPENING MACHINE: Thore are a mumber of these

grinders in use in the wood working operations « such as in the produstion of wooden

barrels, boxes and orates - closely assooiated with:the refining of petroleum pro-

. duots, Sinoce they are automatic when-cnoe put in operation, there is very little

- dust hazard except where no exhaust or dust colleotors have been installed and the =
dust pMduced 4s thrown into the filing room atmosphere. Automatio Ciroular Saw

Sharpening Machines are equipped with 1/4" x 8" Norton Alundum Wheels (Grainm €0,

Grade N), 3/8" x 8" Norton Alundum (1946 M) whoeels, or 1/2" x 6" Carborundim wheels,".

The average dust produced during opeoration of these machires is3 =~ . .

Yheel Particles per cu., ft.

lﬂ" x_ﬁ" CarborundUi s s evececcvecsesescscossscssscscccssces 1,923,280
14' :12" " .....2.........0...0..'0.0.0'0'......'. 3.568.320
3/8" x 8" Alundum (1946M)ececcrcciccorcececonscscrccnccccses 2,095,680
1/4a" x g (Grain 60, Grade N)..c.ceececcocscansecses 1,461,312

JAbout 98% of dust particles in samples taken while sharpening oircular saws
on the Carborundum wheels were black metallio in appearance, and one mioron or less
in size, About 75X of the particles from the Alundum wheels were rounded orystale .
line, § mioroms or under in size, and 25% rovnd black metallio, about ome mioron or
le£3 in size,. There were & number of small motallic shreds in the samples from the - -

thicker (3/8" x 8") wheel. _ )
" I - AUZCMATIC BAND SAW GRINDERi After the Band Saw has been insertéd and the

' : 18-00000¢
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machine adjusted, this grinder works automatiocally, The wheel ordinarily used is a -
. 1/2" x 8" Grain 50, Grade N Norton Company Alundum, The wheel 1s refaced or dressed
| with a Metcell Emery Wheel Dresser about twioe & day, The average dust produced by
4his dressing operation is 2,284,480 particles less than ten miorons per cubls foot,
. About 95% of these dust particles are sharply angular crystalline in appearanse
under the Konimeter microscope, and about five miorons or less in size, The dust
produced during the sharpening or grinding of the band saw blede is on an average
only 877,920 particles per cubic foot. About 50% of these partioles appear angular
crystallike and ebout 507% round black opaque, All:.of them ere sbout two miorons or

legs in s:lzg. :

" J = AUTOMATIC BAND. SAW LAP GRINDER: -Used to grind ends of band saw propara~

tory to welding them together. The grinding wheel usually used is 6/8" x 10" Grain

. 46, Grade M, Forten Company Alundum, No dust colleotor is provided although a dust
oount as high as 16,142,400 particles, ten microns or less, was found in cne sample
taken in front of the wheel vhile it was in operation, The average dust produced

- by this lap grinder was 4,964,320 partioles per cublo foot. About 80X of these dust
particles vere semi-opaque, slightly angular in eppearance, and two micrcns or less
in size; 20% were black opaque, about one micron or less in size. a .

K - PLANING KNIFE BLADE GRINDER: Uses a 1/2" x 8" Grain 46, Grade N, Norton
Company Alundum wheel, Operating speed 3000-RFMl, No hood or any other protestien, S
. Average dust produced while sharpening a Planer Knife Blade was 566,400 partioles, . _
ten microns or less per cubis foot, About 60% of these dust partfoles were slighte
ly angular crystalline in appearance and about two microms or less in size; 40% were
opague of various sizes from about scven miorous or less. There were a few small
) . X

meta.l_lic shre'da'.

) L - LINDERMAN CUTTER GRINDER: Sharpens cutters from the Linderman maohine
for tongueing and grooving. Grinder uses a 1/2" x 6" Norton Alundum (Grain 60,Grade

N) oup wheel., Operating speed 3000 RFM. There is a hood puard over the top of the
grinding wheel, but no exhaust or dust oollector, mlthough dust counts as high as
14,386,560 particles, ten microns or less, were found at the froht of the grinder in
operation, and 12,574,080 particles per oubio foot in the back. The average dust
produoed was 9,137,920 particles por oubde foot. About 70% of these dust partiocles
are round semi-opague in appearanoe under the Konimeter microsoope, and three mi=

’"""“’”‘"“"‘erons‘-*orwhss~~1n«315,312*,20;{;“1:0,_.:%4_, globular 1like particles, seven miorons or less
in size; and 10% are metallio shreds about two microns wide and-20-to-30-miorans.lenge.. ...
There gre many minute orystalline particles too small and too numerous to count ao=

curately, : .

. M~ GANG SAW BLADE GRINDER: - Uses a 5/8" x 10" Grain 50, Grade™M, Norten
Company Alundrum wheel, operating at 1800 RPMf, ‘A rather orude dust collector has
been installed, but the average dust (8,760,320 particles per cubie foot) produced
by this grinder in operation indicates that it is inadequate., About 90% of the
dust particles in samples taken during the grinding of a Gang Saw Blade were semie

- opaque in appearance snd sbout two microms or less in sizes. 10% wore black round,
opagque, -one micron or less in size, There were mumerous minute black specks too -

small to count accurately,

: ¥ -~ EDGER SAW GRINDER: Uses a 3/8" x 8" Grain 60, Grade N, Norten Company
-Alundwn wheel, operating at 1650 RP4, No hood or any other dust collector for this
grinder. The low dust count, an average of only 453,120 particles, ten miorans  or .
- less per cublo foot, indioates that there is very litile real nsed for such equip~
¢/ mnente Tho dust particles produced while grinding an Edger Saw Blade are angular

Y crystalline, about two miorens or less in size,
0 - CIRCULAR SLAB CUT-OFF SAW GRINDER: Uses a 3/4" x 10® Grain N, Norton

D 001474 18-0000¢
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Alundum wheel operating at 1650 R, A rather ineffective dust oollector has
"ep installed, dut the average'high dust concentration (10,931,521 particles per
)bio foot) shows that it 1s inadequate, About 80K of ‘the dust particles in samples
taken during the sharpeaing of a Circular Slab Cut-off Saw were opague in appearance,
two microns or less in sizes 207 were slightly angular crystalline, five microms or
less in sizée, There were also a large number of minute black opaque particles,

‘om

P - "HOG KNIFE" GRINDER: Uses a 1~1/2" x 24" Carborundum nheel operating at
300 RPf, This grinder is completely enclosed by a metal hood, but the dust is dise
charged onto the floor through an opening 4n tho lower part of the hood, The average
dust produced by the operation of this grinder is 1,869,120 particles per cuble
foot. About 75% of these dust particles were anguler crystalline in appearance wunder
the Konimeter microscope and four microns or less in size; 25% were round, blaok :

opague, two miorons or less in size,

Q - CUTTER GRINIER:e Uses a 3-1/2" x 2-1/2" x 1/2" Forton Alundum wheel (3846
X B 5). The amount of dust produced depends upon the material being ground as 1is

shorn by the followings

teel counter sink...ecceccees 735,320 j:a.rticles per cu, ft,
’ L] " ]

.Grinding as
." . o "

" ree.mel'..............;....1,019',520

The dust particles are about 98% cpaque me
or less in size, . ) ‘

Yhat Precautions Should Be Adopted For Safeguarding Those Who Use Grinding
- ~Hheels? Authorities generally agree (Jour.Indust,Byg.Vol, VII No, 8 August 1925
)p. 351) that workers who habitually use grinding wheels will run but slight risk of
developing pneumcocniosis if they use certified abrasive rather than sandstone wheels
for all grinding operations and if the machines upon which the artificial abrasive
nheels are mbunted are properly hooded and exoessive dust removed by suwotion. -

tallio in eppearance and sbout cne mieren - .

4

i

7 Control of Dust From Grinding, Polishing eand Buffing Wheels, .Exhaust systems—
for grinding, polishing and buffing vheels vary widely in design, In the case of
.. grinding, ~the-hoods used serve not only to provide means for capturing the dust but
me——also-sot-to-protect the worker in case the wheel bursts, The chief difficulty to be
" overcame in grinding wheels, according-te-U,S.Publio Health Bulletin No., 217, "The
Determination and Control of Industrial Dust" (1935), is the outward-aweep.of.air, s
" fan motio®® due to the revolving whesl., This effect iz very marked with high speed N
snd rough wheels and is so strong that in many instances it is sufficient to counter-
act the normal inward flow of air. The same offect exists with polishing and buffing

wheels but to a less marked degree,

Practically all industrisl States bave codea regulating the construotion and
dust connections for grinding, polishing and dbuffing wheels, They also regulate the
air required for wheels of various sizes in terms of static suction in the connecte
ing ducts, " These codes possess no wmmifomity, Eowever, the requirements designat-
ed by State codes must be followed, In States where no codes have been adopted it
is desirable to provide exhausts on all grinding wheels with z suction at the can-
nection to the hood sufficient to produce a difference of level of at-least two
dnches of water between the two sides of a U-shaped tube, :

- A number of .the wheels have been provided with s-iction exhaust produced dy a -

! motor driven fan or & hood, with a two-inch pipe one end of whioh 48 Lmmersed in‘a -

" Dbuckét of water, The dust is drawn in by the rapid revolution of the wheels (1750
RPFM), This simple arrangement is particularly efflective, Three samples taken near
the discharge of a motor driven sucticn fan connected with the hood of 1-1/2" x 10" -
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4’.1\.md\m (Grit 46. Grade P) wheel while a tool was being'sharpenod bad an average of
2,076,989 partioles per cubloyfoot which would have otherwise been thromn into the

Jachine shop atmosphere.
’ As pointed out by Dr. W. Irving Clark in his paper "Dust Hazards end the Pree
vention of Injury froem the Same" recad at a meeting of Government 0ffiolals in Indusw
try at Boston, MNass, on May 21, 1931, the most effective method of removing fine
particles of dugh is by suction applied as close as possible to the point where they
ere generated and the amount of this suction is great encugh to overcome ‘the dis-
persing sotdon upon the dust of the work being done, . The velocity at the air ducts

" of an effioient dust removing tube should be 1500 linear feet per minute. Quoting

Dr. Cluk_:

. "No matter how well a workman is protected he should be kept under
medical supervision and have a periodic examination of his heart
and lungs, In addition, the X-ray should be employed freely in.
order to detect early signs of fibrosis in the lumgs and to show
ary signs of early pulmonary tuberculosis. In my experience with

_workers exposed to inorganic dust, nom-silicous in character, a
ycarly physical examination with an X-ray every second year after
ten years exposure is sufficient dut it must bde remembered that
this is the result of work in a factory where the character of
the dust is relatively harmless and whero excellent dust remove

" ing devices are installed on every machine where it is possible,

Where free silioca 1s present in large quantities the examinations

should begin after two or three years exposure and an X-ray should

be teken every yoar. ‘

o Dr., Clark also sfa.tcs that men who are asthmatic, who suffer from ohronio‘
“  )bronchitis, or who have hed pulmonary tuberoulosis should not work at a dusty job.

VII - HANDLING POWDERED OR PULVERIZED MATERIALt

A large smount of powdered or pulverized materiels are used in the treatment
of petroleunm products and boiler water and in the manufacture of greases and insec=
. ticidess -'In most cases approved respiratory protection is provided and its use re-
~--quired.when hendling the materials. Exposure to dust is usually intermittent and of °
short duration. JAmong the powdered~or-pulverized materials.used in the refining of

petroleirgproducts and associated activities ares :

A - LDE: Lime 35 extensively used in the hydrated form and.to a mwh lesser. dos
gree es lump quicklime, - .- . . | T -

1. Hydrated Limes Used in the preparation of lime soap greese and the manue
facture of pressure gun and oup grease; also in the tremtment of boiler feede
water to "zoften it". It comes in fifty pound paper bags by railroad, usuale
1y about 1,000 bags to a car. According to a chemical analysis of a typical

‘sample, hydrated lime contains:

Fozosﬂz%.........u 0030 Per'.ccnt'
. 0‘000000000000.000_000073064 " ..- .
- ﬂgo........o......... 0093 .
Inscluble Silioa - .
Residue..... .01 " " e

(Remainder mostly Moisture and Volatile Iht-be;)

From 150 to §50 pounds of lime are used per batch in the manufacture of greéases, .
‘ ‘ 0000057
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The sacks of lime are usually opened end dumped into the mixing kettle. Con~
) -sideradle dust (as high as 34,850,240 particles less than tem microns per ou
-’ bie foot in one sample) is produced by this operation, The average dust pro-
. dueced 48 4,733,305 particles per cubic foot and the average exposure per datch
" 4s about five minutes, The nmumber of batches made per week varies from ome to
twenty-five, No respiretors are worn by men dunping hydrated lime at any of
the points where 1t is used with the exception of Baton Rouge where the wear-
ing of the MSA."Comfo" respirator is required, About 85% of the dust partioles
in samplesbtaken while dumping lime in mixing kettles are slightly anguler,
slightly opaque, crystalline, in appearance under the Konimeter microscope,and
five microns or less in size; 15X are rounded, semi-opaque, with a metallio 4
greyish color, ten microns. or over. There are also a countless mumber of very

swmall particles. . v ,

Only a small quantity of Hydrated Lime is used in the treatment of boiler
feedwater, About 70 poumds of 1lime is mixed per batch and about six batohes -
are rade every day (24 hours)., The mixing is done by cne man on each shift,
Although the exposure is ‘very short, the men at Ingleside Refinery wear Willscn
"Dust-tite" respirators while dumping lime, .The average dust produced during

, . this operation is only 657,024 particles, ten microns or less, per cubio foot,

... . This low dust concentration 1s the result of a spray of water from a two inmoh
pipe across the hatch of the mixing tank Just below the opening while saoks are
being dumped, Consequently, the material is wet almost as soon as the lime is
introduced, About 95% of *+he dust particles in samples taken while the lime
was being dumped into the mixing tank were semi-angular crystalline in appear-
ance, and from five microns or less in size, and 5% were round opagque, two mi-

orons or less in sice, - \

} 2, Tump Quicklime: Used to "soften” boller feedwater. The lime tused for this .
~° purpose is Oyster Shell.Lump Quicklime (97% Ca0). It cames in fifty pound '
.. = paper-lined burlap bags, and eight bags are usually used per batch, One batch -
"~ 45 made per shift, The dunmping and mixing requires: about ten minutes per batch, .
and the man doing this work is protected by rubber type goggles, but no respi. .
rator, The average dust produced by handling the bags of lump Oyster Shell
Quioklime is 2,605,440 particles per cubie foot, The average dust produced
while-dumping. the bags of lump Oyster Shell Quicklime into the mixing tank is
2945628 -particles, . Jess. than ten miorons,. per cublo foot, The handling and

dumping of this Oyster Shell Quicklime” produces-less-dust than.is.produced by
the hydrated lime usually used, About 95% of the dust partioles. in samples
taken dBring the dumping of Oyster Shell Quicklime into the mixing kettle ap~ _ .
pear slightly angular, crystalline under the Konimeter mioroscope, snd are five
microns or less in size; 2% are round, semi-opaque, over ten microns in sizes

and 3% are bdlack opaque scale-like, five microns or less in size,

What Physilogical Effect 1s Produced by Lime Dust? According to the Inter-
. rational Labor Office (Occupation and Health, Vol, II, 1934) particles of lime mix
with the sweat of workmen handling it and irritate the unoovered pores of the
skin; lesions of the muoous membranes are also set up. He are told that:

"The sction 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 alkalipe oxides or
alkaline earths. Quicklime exerts essentially a local action Y-
o (on the skin and musous membranes) irritating and caustio, which
{f . is naturally less marked in the case of slaked lime. THlk of
"7, lime i3 a feeble caustic acting only or the muocous membranes,
The dilute lyes are only caustic to the skin after prolonged ec~ _

tion and especially when they are warn, . -
~ 18-0
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"In practice it is the dust of quicklime and slaked lime, glven

off in the course of manufacture and manipulation, which gives
o rige to the well known lesions. This very fine dust is deposit-
/ od readily on the mucous membranes and skin: When inhaled it

may penetrate as far as the respiratory traot."

Although 1lime has a tendency to irritate the muoous membrames of the respira-
tory trect, it 4s not considered particularly hazardous when breathed in small
quantities at intermittent intervals, However, oomplications may result when a
large amount of-the dust is breathed more or less regularly, Therefore, it is
desiratle to wear an approved respirator such as the MSA "Comfo" or the Willsen

"Dust-tite",

B -~ METALLIC ZINC DUST: DMetallie zine dust (90% through 300 mesh) is an impo. tint
constituent in Pipe Thread Coating Compound., About 1500 pounds of this material is
used per batch, and about fifty batches are made per montk. The zino dust ocmes 4in
400 pound wooden kegs or 500 pound steel drums. According to a chemioal analysis,
this zino dustis 95,207 metallic tinc. and O, 80X zino oxide (Zn0)., The partiole size
distribution of a typical Sample as determined by a standard screen analysis is:

All through 120 mesh soreen

3,76% retained on 200 meeh
2,084 " " 2850 ™
22,24% " " 325 "

The rinc dust is dumped from the keg or drum onto a metal sheet in frant of the ket~
tle and shoveled into the kettle by two. or three men gwith an average servioe of .
sbout three months) from the General Lebor Department. This is a very dusty opers-

) ion. One semple teken during the shoveling of zinc dust had as high as 68,760,960

' particles per cubic foot of air the average concentration being 28,331,328 par-

ticles, less than ten microns, per cublc foot, The workmen aro exposed to this dust
" about thirty minutes per batch or approximately 2-1/2 hours per month, . They wear
dust respirators. About 95% of these dust particles are dark grey, opague, angular
in appearance under the Korimeter microsoope, eand about five miorons or less in
size; SX appear slightly angular, crystalline, ten microns or less in size, The

iy, STYStaIllne material is prodbatly zinc oxide, R

e

What Physlological Effect i3 Prodused-by-Zino Dust?. Although zimo oxide (Zn0)
producog, definite physiological effects, metallic rino’ dust does not seém £8 KILBEE™ -
the person breatl:ing it other than that caused by the inhalation of any inert dust,
Nevertheless some invéstigators are of the opinion that zino is not eatirely inért
and harnless, Certaivly 1t 1s pot as harmful as lead or arsenio, but the-United
States Public Health Service has certain limitations on the amount of zimo that is °
pernitted in drinking water, According to Nueck, E. Remy, and F, Foltzmamn (Jour,

Indust. Eyg., Vol.12, 1930, page 171 Ab,) Zinc-dust can cause lumg trouble after
being inhaled in large quantities, Zinc dust is also very definitely explosive,

L « ASDESTOS "FLOLT": Float asbestos is used in the mamufacture of tractor lubrie
cants. It comes in 150 pound cloth bags by railroad, about 2000 bags to & oar,

From 200 to 3000 pounds are used per batoh and from two to fifteen batches are made
‘per month. The dbags of asbestos float are dumped into the mixing kettle by three

men vith an average service of twelve years, These laborers are exposéd to dust

about forty minutes per batch. Dust concentration as high as 8,269,440 partioles, .
ten microns or less in size, per cubic foot are produced during the dunping of ‘as-
bestos float, the average being 3,058,560 particles per cubie foot, About 98% of

these particles are slightly angular, round, transparcat in sppearanse under the

- Kofimeter microsoope. and two microns or less in size; 2% are round, semi-opaque,

) " 71 B-0000059
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plate like, five miorons or over in aizo. -

‘ Recent 1nvestigations have indicated that the inhalation of asbestos particles
0/  ¢en microns or less in size is evon more hazardous thin was originally. believed, and
' that in order to prevent harmful effeots concentrations should be kept below five
milldion particles (10 microns or less) per cubic foot, The physiologioal effects.
have already been discussed under "ASBESTOSIS" so need not be given any further con-
sidoration, _Men handling asbestos float should be required to wear approved respi-

ro.tars. » .o

D - GROUND MICA: Ground mica (80 mesh) is used in the manufacture of axle grease.
Tt comes in 100 pound burlap bags. About {ifty pounds of grourd mica is used per
‘batch and an average of rire batches are made per month. The period of exposure
will not exoeed ten minutes a batch. Handling grownd mice produces an average of
2,577,120 particles ten microns or less in size, per cubic foot, About 60% of these
pa.rticles arc transparent irregularly shaped scale like in appearsnos under the -
Konimeter microscope, and five microna or less in size; about 407 are over ten mi-.
orons in size, The transparent plates have amn lines or fissures and appear to

contain small air bubbles, . ) .

' Although ground mica has never been considered e hazardous dust, scme recent
studies made among the workers in North Carolina indicate that ocontinued -exposure to
large quantities of ground mloa over & periocd of years will produce a fibrosis, Howe
ever, there is very little probatility of any troudle where ccncentrations are kept

below 10,000,000 particles per cublo foot of air and where the exposure to mioa duxt
4s such a small percentage of the employee!s working time, . .

E « SULFHUR: Sulphur flour is used for sulphurizing outting olls and in the
j pu-eparation ation of special lubricants for hypoid gears, Crude sulphur is used in the
manufacture of sulphuric acid and in the treatment of guaoli.ne nnd naphtha for re-

mcnl of impurities such as the mercaptans,

Sulphur Flour: Sulphur flour comes in paper-llned vooden barrels, lompm:nd
. oloth bags, or 150-pound burlap bags. About 2500 pounds of this sulphur is
dumped into the melting kettle by two men with an average service of twelve
Yyears, cnoe & day, Their exposure to the dust which results from handling
et . e SB4 QUIRPADE the bags, an average of 1,540,608 particles, ten microns or
AA%%E, per ‘cublo foot, is sbout fifteen minutes per man per shift onan ave-
rage. No goggles or respirators. are worn.,” About 90% of the-dust.partioles
imesamples taken during the dumping of the sulphur flour were slightly W
lar crystalline in appearance under the Konimeter miorosoope, and five mi.’
. crons or less in size; 10X wers semi-~opaque, rounded, and over five microns
'dn sige. The larger particles appear to contain small air bubbles, There

were also a mmber of very small specks,

About 370 pounds of flour sulphwr is uaed per batch in the preparation
of hypoid gear lubriceamt. ITwo batches are made per week on an average,
The exposure to tlhe sulphur dust is only about two hours per week on an
aversgé, Since the sulphur is dumped into drums of oll being agitated by
& 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 -
oublc foot. The average was 3,783,552 particles per cubic foot. Tho dust
particles had the same charactcriataos as those given in the preceding A

paragraph, .

Crude lp.‘mr: Crude sulphur comes in dox oars holding about 90,000 pounds,
usually fron ‘“reeporh. Tena. Towers are rilled with this ‘sulphur by i‘our -

.
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men with an average service of oight yoears, If requires about two hours to
.~ £111 a tower with about 1Q,000 pownds of orude sulphur. Iwo towers are charge
/ ed overy 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-
o orons or less, per cubic foot) and shoveling the orude sulphur into the tower
elovator (an average of 3,357,540 particles per oubio foot), The emount of
dust produced by this operation is somewhat reduced by the steam twrned on ine
side the slevator shaft to prevent dust explosions. About 60% of the dust
particlps in samples taken while the tower was being filled were slightly angue
ler orystalline in appearance under the Konimeter mioroscope and five miorons
or loss in size; 35% were rounded semi-opagque, ten microns or over in size; and.
. 6% were opaque scele like, between five and twelve micrans in size, .

. . . Sulphur dust particlos‘a}e explosive but othgrvd.u are not oonsidered harzarde
' "ous any more than any of the other "nulsance” dusts, although they will irritate the
muoous membranes and the eyes after slight exposure., Comsequently, it is advie- .
able to mear rubber type goggles and approved respirators, such as the MSA Comfo

type.

- In an article by Aldoe Ceﬁtari (Aroch, Intern. Fharmacodynamie, .i933, vol,. 46,
PP 300-314) it is stateds » A

"Intratracheal injectlion of sulfur suspensicns brings about ox~
ocrotion of hydrogen sulfide in a periocd of 50 hours. There are ' T—
s1ight exudative and inflltrative resctions in the lungs. It :

‘18 supposed that a substance similar to glutathione reduwes the

sulfur to hydrogen sulfide,”
° : '

Y F e« LITHARGE: Litharge is added to the Plumbite or "Dootor™ Solution to assist in
- the removal of mercaptans, other sulphur compounds and wmsaturated hydrocarbons from
. gasoline and naphths, From one to five 600-pound drms of litharge are used in s
~ batoh, depending upon the stook to be treated and the condition of the "Dootor So=
lution”. The 1litherge is removed fram the drum a shovel at a time, and about fifteen
minutes are required to dump one batoh, A batoh is made onbe a week on an sversge,
‘The average service of the men involved in this operation is soven years, They wear
. MSA Camfo resplrators with an approved lead filter and rubber type goggles. A1l of
r—————the work of adding litharge is done in the open dir an & platform at the tops of the

solution tanks. T e i
. O 1 s .
: M e e o e

®he kverage dust produced during the dumping or shoveling of litharge imto
the solution tank i1s 3,077,480 partioles, ten miorons or less in siio, per. cubic:
foot, although there were as high as 9,288,960 particles per cubioc foot dufing the -
operaticn, A rough estimation of this litharge ccnoentration indicatez the presence
of from five to fifteen milligrams of lead por tea oudic meters - the amount that an
average person doing moderate work would breathe in cne day, This 1z in exvess of
1.5 milligrams in-ten oubic meters which is the maximum allowable 1limit set by the
United States Public Health Service, About 80X of these dust particles were.rounded,
transperent, orystalline in esppesrance under the Xonimeter miorocsccope, and five mim
orens or lezs in size; adbout 15% were over ten microns and appeared to contein small

air bubdbles; 5% were dark opaque scale-like, from five to ten microns in zize.

i
/

, -Necessary Procautionary Measures When Handling Litharge, Litharge is a com~
pound of lead, and oonsequently there is the possidility of lead poisoning unless &
Tow simple prooautions ars observed to prevent the entrance of lead into the body °
by swallowing minute particles cf the litharge dust, by inhaling thes dust, or by -

/) absorption from the skin when handling the 1itharge. An effort should be made to - °
osuse as little dust.as possidle, Instructions issued by the Mediocal Department ro-
quire that; Lo . -

- | : ' N 18-00000!1
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"], No employee shall handle litharge wuntil he has been examined
and certified as physioally qualified by the Company Dootor.

l) ‘ng, Employeea nust be sent to the Compeany Dootor for physical ex-
amination at least every 8ix months or at the first sign of

111 health.

"3 Respirators - Ao approved type of lead dust respirator, proper-
4y adjusted, shall be worn when handling litharge. A1l respi-
rators shall be thoroughly oleaned with scap and warm water,

"4, Clothing - Unionalls, caps or scme head covering and gauntlet
gloves shall be worn when handling litharge. Upon the oample-
tion of this operation the outer olothing must be removed and ,
- _placed in a locker used for this purpose only. Unionalls - :
should be washed at “Jeast omoe & weok. f

"5, Bathing and locker facilities « A oonveniently located looker
end was h room shall be designated for use of employees hande
ling litharge. Separate lookers should be provided for strect
clothes, wark oclothes, 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
oovered Unionalls and the benches shall be thoroughly moisten- _
ed before being cleaned,

%6, .Personal’ clea.nlinesa « General pernom.l clennlinou is of first
inporta.noa.

(a) Hands must'be thoroughly washed on the completion of the
litharge handling operation. Hands must also be thoroughly

‘wished before ‘eating or placing anything in the mouth, A
special effort should de made to oclean the finger m.ih‘"lo

. a8 to remove any lithur;e.

(®) Nevor eat” until-litharge covered clrothing has been removed
-and-the-hands washed, —

ey ERPE R .
"—““"'--——w—-—-m

m» (o) Teoth should be brushed at least twioce a_ day and tho toeth
-~ snd gums kept in good condition. _ R

. -—
c e

(a) The mouth should be rimod thoroughly before eating.

() Never use tobaoco in any form vhiile workin; in snd around
© 1itharge,” _

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

G ~ SODA ASH; Sode ash (58% Na20) is used to form a solution for neutralizing ascid

011, Thirty 200-pound cloth.bags of soda ash are dumped .into & tank of water per

batch by six men, with an average service of five years, from the Genoral Labor De- e

partment; three batches a week. lNem exposed to dust resulting from opening anmd °

-, dumping the bags of soda ash about five hours a week, Eight memr spend about lu.lf e

,/ day-s-month unloading bags from railroad box cars, The men who d0 the unldading
wear MSA Comfo respirators eand are not the same men as those doing the mixing who do

not wear any respirators or goggles, The average dust produoed by the dumping and
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ni:dng operation is 1,003,337 partioles, less than ten microns, per cubic foot of

air. .These pertioles are £ll slightly angular, orystalline in appearance under the
Yorimeter mioroscope and about five microns in cizé., Many are transparent, glass

.' 1iXe, There are a number of small blaok specks,

" H . TALC or "SOAPSTONE": Pulverized talc or "sospstone” is used ms a filler in the
" ‘manufacture of "hot neck” greases used in the steecl mills.

Accarding to R. B, ladoo -

(U.S. Bureau._of Mines Bul. No. 213, 19193 ordinary tals or soapstae is Steatite
(Wdroua ﬁagnesium silicate - HoMgz(S103)4). 1In the form of powder, the tals is

- greyish white, Associate Chemist Frederick Goldman of the U.S. Bureasu of Mines, who

made a chemical analysis of samples of talc as markeled, roports:

54024..vseeceseenes 46.04 por cemt
clo....‘.....'....' 4‘39 n " i
MEOiveeoneareeascvas 26,20 T "

! COEbi'nﬂd Oxides.sese15.64 " "‘

Grease makers usually consider the compositien of "soapstane” which they use as ap-
proximately 90% magnesium silicate and 10% oaloium carbonate. It oames in 90-pound
paper bags, 700 bags to a box car. . About 7200 pounds are used per datch and ane
batoh is made a day on an average, The "soapstone” is dumped into the mixing kettle
by two men with en average service of ten years, This dumping which requiresabout
an hour per batoh 1z a reather dusty operation, One sample taken at face level just

‘after a bag had been dumped had as high as 22,995,840 partioles, ten miorons orless

in 3ize, per cuble.foot of air, The average dust produoed was 13,054,960 dust pare

tioles per cublo foot, About 98% of these dust partioles were transparent, orystal-

lipe, irregularly shaped plates and rods, in appearance under the Konimeter mioro-
soope. Most of these partioles (about 96%) were five microns or less in size! the

- remainder being ten microns or over; about 2% were scele-like, semi-opaque, ‘five mie

crens or less in size. .

FPhyslologloel Eff'eots Produoed By Talo Dusta, About two years ago Dr. W. C.
Dreessen, Passed Assistant Surgeon, and J. M, Dalla Valle, Assistant Sanitary Engle
neer, United States Publlo.Health Servioe, made a study to asoertain whether there
is a oonnection between talc dust exposure and the relatively high tuberouloasis
death rate in Murray County,-Georgia, where two.talo mills and mines are located,
They found (Reprint No. 1669 from the Public Health Reports Vol. 60, No. §, Feh, ‘1,

1935, pages 131-243): e
-

e o .
g R S

"Physicel and roemtgenologle examinations were made of 66 men and ..
romen who were exposed or had been exposed to talo dust, In the
higher dust groups comprising 33 men, 8 were found to have Pnéumo-
coniosis I and 8 to have Pneumosoniosis II or III, Six of the
thirteen examined were diagnosed. as having Pneumoconiosis I. No
advanced stages of the disease were found in this group. In the
group exposoed to low concentrations of dust, no Pnewnoconiosis

was found, " :

«’

The final conclusion of this study was that although Georgia talo appears to be "more
injurious thean tremolite talo” the high tuberculosis mortality rate in the County
"oculd not :be attributed to the talo industry”. ' ,

Investigators have suggested, however, that for more or less continuocus expo-.
sures concentrations of talo or “soapstone™ dust shduld not exceei 15,000,000 pare
%icles, ten microns or less in size, per cubic foot of air, ’ )

I - GRAPEITE: " Powdered graphite (80K to 85% graphitio carbon and 15% ‘prob@bly
magnesium silioate) is used in the manufacture of spring and pressure lubricamts. It
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- oomes in metal dmms or 100-pound paper lined bags., About 3700 pounds of powdered
raphite is used per batch andione batoh is made por day on an average, The -
oiraphite is dumped into the mixing kettleo 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 hande
ling end dumping graphite, which is not a particularly dusty operaticr. The average
- dust produced is 1,803,080 particles, ten miorons or less, per cublio foot of air,
All of these dust-particles are rounded or slightly engular, black opaque, amorphous,
) sooty or darl grey..in appearance under the Konimeter microscope, and three microms

" or less in size,

J « SLATE FLOUR: Slate flowr (300 mesh) gives rigidity to esphalt on "fast sur-
Taces" such as steep roofs and pipe lines, and prevents its rumning off. It also
produces desirable weathering properties. IMixtures as low as 10% slate flour and
as high as 407 are used. An average of two tons of slate flour is used to each

- 8t111 which averages about BOO barrels of steam reduced asphalt, Since the slate.
flour is introduced by the use of closed pipe lines and centrifugal pumps, the enly
‘dust produced is that which results during the unloading of the saoks and dumping
them into the hopper. The slate flour comes in 50-pound paper dags, 760 bags to a
railroad box car, Four men with an average service of about a year, open the bags
and dunp the slate flour directly into a hopper fram which it is siphoned by oanm-
pressed air to a storage tank holding about 15 tons. About four carloads a momth
are received and an sverage of adbout 5-1/2_houra is required to unload cach dar,
About one and three-quarter million pounds were dumped during the last quarter
period. The men wear MSA Comfo respirators. A screen analysis of this slate flour
showed that 99, 7% passed through a 200 mesh soreen and 96,8% through & 325 mesh
soreen. Due to the fineness of slate floui and its low bulk density (1.04) oone

. slderable dust, an average of 12,007,680 ‘particles, ten miorons or less in size, '

) per cubic foot of air, and counts as high as 16,538,880 partioles per cubio foot,

” are ‘produced during dumping the sacks and filling the etorage tank. About 98% of

__these dust particles are slightly angular, transparent, crystalline in appearame
under the Xonimeter microscope, and five microns or less in sire; 2% are semi-opaque, .

8lightly angular, There were a few plate like partioles which appeared to ocntain

small air dubdles, and a largo nmber of small dlack partiocles, : '

. A ‘petrographio examination made of.a slate flow sample at.the United States
Bureau ¢f Mines Experiment Station in Pittsdburgh, Pernsylvania showed that it oone .
tained mere than 1% Quartz (5102), ~"30% Serioite (K30-3A1303-6 Si0p-pH20), 40%
opaque ajgd 300 five different unidentified constituents. A chemical apalysig &P= "
~ slate granules and flour (Jour, Indust,Byg. Vol,XV.,No. 2,Max, 1933, 87) reports these .
constituents: v - ‘

Silioon Dima‘ 0000000059027% mp”"m W&OO'OOOO&M
Titanium Dioxidee...oes. O, 99% Potassium Ox1d€cccuceeeSe 75%
Aduninum 0xide,ceeceee..18.81% - Sodium Oxideicecocecosels 88X
Ferric Oxideieeoececeve. L.129 Hater below 110°C, ....0.32%
Ferrous 0xid® cec...s:.. 6. 58% ? above " L.....8.98%

Managanous Oxide........ 0.13%  Phosphoric 0xide.......0.11%
Caleiun Oxide€icceves...o O.42% Carbon Dioxide.ceceso..0s21%"

Bariuz Oxide...........o 0.05% Ferrio Sulphide........0.15%
" Speoific Gravity - 2,795 ) o

"The silicon found, though expressed in the chemioal apalysis as
- 8ilicon dioxide, is not differentiated chemically as to the .
forms present in the original minerals, whether free silioa or

silicate, " : . . - _
' : _ - -18-0000064
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’ Effect of Slate Flour on The Lungs « In his paper "Effeots of Cortain Silicate

Dusts in the Lungs" read before the Industrial Hyglene Section of the American Public’
Health Association at Washingtom, D.C. on October 27, 1932, Ixre Waldemar C, Droeossen’

of the United States Publis Health Service, reporting the results of his studies of

workers exposed to slate dust, wroter

"0f the 48 cases of pneumoconiosis observed, all were in the first
stage oxcept 5§ cases.’ In general, the pneumoconiosis observed in
the early or first stage cases resembled that induced by oement
dust, .. The bronchial striations, however, were somewhat more promi-
nent. There was always a moderate bllateral increase in the size
and density of the hilar shadows with accentuations of bronchial
striations which -extended well out "into each lung . field, The
linear striations seemed "softer” 4in appearance and lacked some of
the sharpness of detail which 1s usually observed in the X~rays of '
individuals who have inhaled silica dust., This diffuse, fine -
generalized fibrosis was chieflly confined to the lower two-thirds

of the lung fields,

"In the second stage an increased prominence of the above mentione -

- od characteristics was present with the appearance of flake like,

- dappled. areas of increased density in both lung fields, In the -
third stage theso dappled areas seemed to conglomerate, and in this
nanner gave way to massive, clouded areas of incroased density."

Dr. Dreessen found that although the silicate dusts of slate "induse a fine diffuse,
bilateral fibrosis of the lungs which is definitely demonstrable in the X-ray®™ .
workers oxposed to slate dust do not begin to show definite first stage pnoumoccnio=
.. sis until after more than ten years! éxposure, He did not find any evidenoe that
) the resultant pneumoconiosis had led to disability. ‘

#

K <« GRIIDING DERRIS ROOT: Derris root 43 used in the manufacture of insecticides,
"It comes in 500~-pound bales from the Dutch East Indies, In order to reduse dust, -
the bales are thoroughly wetted with white oil. The root is ground st the rate of
500 pounds an hour to pess through & 3/8"-soreon. One man with throe years'! servioce
is eoxposed to an average dust concentration of 1,604,800 particles, ten mioroms or

. less, per cubic foot of air, XAbout 80X of these dust particles are rather round,
e rystalline .in appearance tunder the Konimeter microscope, and about five microns
in sizes 20% are sharply angular, five miorons™or-less-in size,.. The particles ap- .
pear togpe more inorganio than organic in character. Evidently tke lighter root o
dust particles are either larger than 30 microns and were, therefore, filtered out
by the Konimeter filter or were carried out by the exhaust ventilatien, thus leaving
the dirt or soil which had adhered to the roots. The grinder is located in a small
room nell ventilated by means of a 30-inch motor-driven fan, This explains the low-
dust concentration in the samples taken during the grinding operation. The operator
wears rubber gloves, cover-alls, and is provided with a fresh air hose type- of mask

while grindingo

To %hat Extent is Derris Toxie? According to recent studies by the United .
States Department of Agriculture (Indust, & Eng. Chem. Vol. 28, No.7, July 1936,
PPSe 815-821) Derris is a possible health hazard to thoso engaged in milling, grind-
ing, end diluting it (Derris) without the use of suitable protective measures, -
Pharnmacological studies show that Derris and its .water extracts affect the reapira-
tory center which is initially stimulated and then, after fatal doses, completely .
.- depreased, with death resulting. Derris dust when applied to-the armpits was also
§ | found %o provoke a "mild evanescent irritation," - .

L = GRLDING PYRETHRUI FLOJERS; Pyrethrum {lowers are an ﬁmportlnt source of cne = - .
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-of the essontial ingredients of insecticides. Théy §6me from Japan in mat covered

)n.les woighing about 450 pounds. Op an average, about ten bales are ground per -
5

hift., Opening the bales of compressed flowers is the dustiest part of the opera~
tion, producing on an average 2,039,040 particles, ten microns or less, per cublo
foot of air. About 85% of these particles are esngular, crystalline in appearance

‘under the Konimeter mioroscope, and three microns or less in slze; about 15% are
‘flat round particles and discs and shreds, ten miorons or less. The crystalline =

sppearing dvjst Probably originates from the 504l whioh has blown on the flowers or
plants, On& map is exposed per shift for about four hours a day during a nine month
period. He wears a Willson dust respirator, The grinder is enclosed in a metal

housing connected by a fourteen-inch duct to a sixteen-inch motor driven exhaust Lan,

Pyrethrum dust scems to irritato the akin of scme individuals and not, t.t(en.t
others in the least; as a matter of fact it causes an allergic typs of reacticn in
some individuals to such an extent that it 1s inadvisable for suoh perscns. to work

in yyrethrm dust,
M - MIXING AND PACKING "FLIT" POWDER; "F1it" powder is a xnixtm-a of pulverized

“derris root, pyrethr\m flowers and other ingredients. It iz mixed in a special

room provided with exhaust ventilation by a man wearing a respirator. The dustiest
part of this operation is sifting the pulverized derris and pyrethrum shich- produses
an average of 8,722,560 particles, ten microns or less, per cubic foot of air,

‘About 95% of these dust particles are angular, orystalline in sppearance under the -

¥onimeter microscope, and about three microns in size; about 5,. are 1ess ocrystalline
and more opaque, five nicrons or 1ess in size, o

‘ . FAlling Cans: Threo-quarter and two and ono-quarter ounce tin cans are £i1l1-
ed by autamatic machines. the filler ends of which are enclosed in a motal housing

J with a four~inch exhaust duct to a fourteen~inch motor-driven fan., That this ex-
. haust arrangenent is fairly effective is shown by an average dust oconcentration in

samples taken at face level of the operator during the £illing operation of

1, 755 840 partioles, ten microns or less, per cuble foot of air, Tho girl at *i:he

Sesler wears a bag-type dust respirator,
- vl - CLEANING TUBES AND DRUMS CONTENTS :
clea.ning tudbes- md dru:u of. boiIers and proceu equipmezrl: is a routine operu-

thu.nto

the fibagsis causation group, Nevertheless, consideration should be given 'l:o keﬁ?ﬁg‘m =
such dust dom to & minimm of not more than 10,000,000 particles per cubio foot due
to the nuuber of men en;aged in this work and their more or less continum 0K

posure . . .

1. - CRACKIEG CCIL SCAKING DRUMS: Cracking coil soaking drums “ooke-up® about
onco & month, so that in many cases they are almost completely filled with the ex~
ception of an opening dovn through the center no greater than twelve inches in diame
etor, At most plunts, this ‘coke is removed by a special machine; at the others, men
with an average service of tem years are regularly engaged in cleaning these drums by
means of & concrete buster type of pneumatio chisel, starting at the top of the drum,
One man works inside and two outside at the top manhole. The temperature inside the
drum 4is about 90 degrees Fahrenhelit. Zach man works half an hour inside and ia then
relieved for about an hour, On an average. each man works about two and a half hours
por shift, two shifts a week, A "boatswain" ghair is used to get in and out of the
drum. They wear "hardboiled" hats and life-belts. Excellent ventilation is provided
by & steam or an air syphon placed in the bottom manhole of the drum, as -a result of
vwhich samples taken at face level of men during the operation of the prneumatic chisel
had an average o- only 311,520 dust particles, ten microns or less, per cubiec foot of-.

.air. About 607 of these particles were sharply angular, crystalline in appeirance
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' méar the Konimeter microscope, and about five microns or less in sires 35_% were
-wound, semi-opaque, orystalline, sbout ton microns or over; and about 5% were small
lack particles, There were alszo a few dlack scale-like particles over ten miorons

n size, The major portion of this dust is probably coke or carbon and the soale
1ike particles are, mo doubt, metal from the sides of the drmum or fram the chisel,

II, = CRACKING COIL TUBES: There are 183 tubes in a high pressure cracking
coil unit, - After running from twenty to twenty-five days, depending upon the ohare
stock being run, the temperature and pressure, the petrolews eoke which

scter of th
is deposited on°the tubes must be removed. Liberty air-driven tube cleaners with
cone and ster cutters operated by men with an average service of six years are used

for this purpose. The men work in gangs of six to eight and are exposed to dust
about six hours every two shifts on an average. They wear neither goggles nor respi-
rators although a dust sample taken immediately after reversing the cleaning
machine while in a tube contained as high as 5,062,400 particles, ten microns. or

. less in aitre, per cublic foct, About 30% of these dust particles are blaok, opague

" 4n sppearance imder the Kenimeter microscope, and two microns or less in size; 40%
are angular, transperent, plate-like, ten miorons or larger; and 30% are angular,

transparent crystalline, five microns ‘or less in size,

- Samples taken on the Cleaning Platform while oleaning Cracking Coil Furnace
tubes et & Northern refinery had an average of 113,280 particles per cubic foot, _
Finety-eight per cent. of these dust particles were rounded crystalline in appearance
under the microscope and five micrors or less in size. Sanples taken in the passage~
way back of the furnace while tubes were being cleaned had as high as 1,076,160 - -
particles, ten micromns or less in sire, per cublc foot of air., -This indicates that
the men in the passageway, bdack of the furnace are exposed to more dust than those

on the cleaning platform. , SN

- ) . I11. - WATER HEADERS A¥D BOILER TUBES: 'Tubes and headers are cleaned iwiloe
- & year by means of air~driven turbines, It has been found that cleaning can be dons
‘more effectively if done dry rather than wet because the dust can be dlomm out. If =~
water were used, the lvosened material would soon form a paste which-would de smear=
ed baock on the tubes by the action of the cleaning turbine., Rogardless of the dust
which is produced in concentrations.as high as 30,359,040 particles, ten microms o
less in size per cubic foot of air, workmen prefer working in dry drums rather than
t...in wet ones. Eight men (two o each tnrb:lno; are-engaged in this cleaning operation
which requires about-iwelve days a year, Men with an average servise of fifteen years
are assigned to this job from the Labor Department,: -The temperature inside of the
drums ofheaders is about 70 degrees Fahrenheit, In accordance with the ususlwpr
tioe, men operating the turbines, inside the drum or headeor, wark about ten minutes:
end are rolieved for ten minutes by their co-workers who sssist in handling. the air
hose in and out of the drum manhole, Respirators have been provided in most oases °
but are not always wora. The average dust produced while cleaning water-hesders and -
boiler tubes in semples taken from: - : : , .

Lovier Platfornm, Front Hater HeadoOr.ccceoeeseeeess:18,306,048 part, porou. £t
In §#2 Drum While Cleaning Yater Nall and Tubes...., 5,664,000 * “. -
"Inside Manhole Drum #!3 Yhile Being Cleaned........28,320,000 ® .

About 40 of the dust particles in the samples taken on the lower front water-header
platform, while'header was.being cleaned, were rounded, dark red in appearance under
the Konimeter microscope, and about two miorons in size; 507 were opaque, more or

less angular, and about five microns in size; 0% were crystalline, slightly angular,” °
and over ten microns in size, About 65X of tho particles in the sample taken ‘inside :
32 +drum during cleaniny were “lack, opaque, angular, less than two micrdns in size;

.and ebout 15% were round, more or less opaque, over ten miorous, The eoméentration -

of dust IUSIDE the drum during cleaning appears to docrease with tho distance from
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the manhole as is demonstrated by these counte in samples from Drum #2 (Riley Boil-

er)s Y
i J Loocation Particles per cu. ft.

Imid' Hmholeoonnocoo.O.l'.l.'00.00oooo.oooo.0.0000.0000'0-0000 19'257.600

Abo“t 8 fho Inaide Dm...v-..o00.000...oo.o.oo.o‘o.n...'oo... 4'078’080
n n' '." 'O’o..'o.ocqoa‘oo.a000000000000000'.0'.0 2,26.5,500

-

” 18 ." " " 0000000000 0000000000000 0cs000sssscvcstse 1’585’920
n 24 y’ s-n b 9000000 ecncrscserctoseststoncscnsccnsons 1 132 800

- The duat particles from inside the drum appear black, angular u.nd were less than two
microns in size, The dust from these cleaning operations are supposed to be largely
the results of metal corrosion and sediment (largely Caloium Carbonate and Calgium
Phosphate) deposited by the treated Boiler Feed Water, A petrographio examination
of a sample of dust from the Front Water Wall Header was made by the United States
‘Bureau of Mines Expériment Station at Pittsburgh, Pemnsylvania, who reported: ‘

sz (Sj.oz)ooooooaooocoooaooooooooooo 1 peor omt

Opaque or Coated with Opaque Miterisl.. SO " ™

Unidﬂntified CIRy-likaoooo.ooo.oooo-.oo 9 " "
o Accordin g to a chemical analysis of this same material made by a regnlu' T'O=
finery chemist using the method of Adolph Knopf, U.S.Public Health Service, the dust——

oontained:

F:'e‘ silic“.....'ﬂﬁﬂl;'..’l‘Q.......'.' 0’70 Per °ent
Combined s111c&'-oooooo.ooooo000000000041001 " " $
’J Although the analysis of the dust shoms a ‘low free silica contcnt the high
dust concentrations found and the possibility that at times such concentrations may
... be higher than those found, demonstrate the desirnbility of wearing respirators re-
gardless of the kind of dust encountered,

IX- FOUNDRY OPERATIONS

~ During’ x-econt yeard consideratle attention hds been focused upon the health of
founidFy workers by the-operation-of.the_so-callod "Siliocosis Racket" which has ex-~
tracted large sums of money from the Foundry Industry. It is diffioult to-isolate=— s
this typepf wark which gives rise to & very general oxposure to dust which may in-
volve all workers employed in the foundry, In many cases the worker is in such -elose
oontact with the duty atmosphere as to cause serious exposure, MNuck progrese has
been made in reducing the dustiness of our foundry ‘operations and plans.axe now 'baing -
considered whieck will further safeguard our foundry workers. The following S8 & - -
brief otr!:lina of foundry dust producing operations: '

- 4o = POURING MCLTEN METAL INTO SAND MOULDS = About 19-1/2 tans of metal are
poured per."heat". Thirty-five men with an average service of twelve years spend
about one and a half’ hours pouring and 3ix and a half hours moulding per day, firve
days a week, Goggles, asbestos leggings and congress-type shoes are worn by the men
handling the molten meteal, About 60% of the moulding sand, whioch is the principal
source of dust, is free silica (Si102). During the powring operstion the foundry air
appears to be full of dust and smoke, however, samples taken dwring this work aver- .o
aged only 396,480 particles ten microns or less in size per cubio foot of air, Prao-

o tioally all of these dust particles appeared angular, crystalline under the Korimeter

i v/fnicroacopo and were about two microns or less in size, ‘ :

A sample of dust I‘rm the top of the crane rail over tho moulding floor m -
" 18-0000068
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4ven & petrographio examination by the U, S.Bureai of Mincs Experiment Statiom in
3 p : fh 1vania who Yreported 50% quartz (S102); 15% Clay Mineral not ocm-

“Pittsbur Pennsy -
pletely ﬁ;ntiried. Kaolinite is Alp03.25102. 2H20; 6% Calcite (CaCO3 ) and 30%

Qpa.quc. )

B, ~ "SHAKING OUT" CASTINGS = After pouring, the castings are allowed to
cool, then the moulds are liberally sprinkled with water from a hose. The bands or
clemps are removed and the flask is throwm over and broken open. The rough castings
are pulled but, -piled up and trucked to the Cleaning Room, "Shaking Out” is con-
sidered one of the serious occupational disease hazards encountered in industry and
the dustiest operastion in founderies but due to the thorough wetting and careful
handling by the men, samples taken during the operation had an average of only
858,230 cdust particles ten microns or lesa per cublo foot of air. The impinger
method would no doubt reveal much higher counts. About 98% of the dust partioles
wero slightly angular erystalline in appearance under the Konimeter microscope and
were one mit¢ror or less in size, "Shaking Out® i1s rather hot work, the men pere
spire freely so that it would be difficult to enforce the wearing of goggles and res~ .
pirators, Twelve men with an average service of elght years work on this Job, eight

_ hours per shif't, five shifts per reek.

" After the castings have been removed the moulding sand i1s again wetted and
thoroughly worked over with a motor-driven sand cutter which is a series of-revolv-
ing blades, similar to those on a lawn mower, operated by an electrio motor, mounted
on & rubber-tired four-wheeled carriage which moves back and forth over the mowlding
{floor, Moistureitests are mede and vhen these tests indicate 4.6 to 5.6 molsture
the sand is considered ready for the movlders. During the operation of this sand cubw
ter, the operator is exposed to an average dust conceatratiom of 1,529,280 particles
ten microns or less per cubic foot. These particles were less than twe micrors and
were slightly angular crystalline in appearance under the Konimeter microscope.

C, - CLEAWING 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
which can be taken care of by exhaust ventilations, others cannot, The methods most

comnonly employed ares ' _
(i) Preliminary Cleaning-- Castings are brought froz the moulding floor during’

-'""'the'-»nightwmdfdapw ited in the Cleaning Room. The following morning the cores are

knocked out, the sprues and gates"are broken off and same scratch cleaning is dane.
- This wo% produoes consideratle dust espeoially when the sand and old EEFEE~EFe™ -
shovelled through the ;rating into the oar or buoket below (3,455,040 particles.ten
nicrons or less per oublo foot of air). Under the Konimetor microsocope about 70% of
the dust particles appear anguler, crystalline, three microns or less in size; 208 -
were rounded crystalline, five microns in size and about §¢ were scale-like semi.
opaque vwith a roddisk-brown tinge and over ten microns in'size. Pulmosan Respirators
have boen provided but are not always worn by men doing this work, NO attempt has .
teen made to contrel dust from preliminary cleaning although same study has been
fiven to the provision of a special air-tight room with a grating flocr and a hopper
underneath with a sorew conveyor at the bottom to convey the debris to the disposal
car or bucket and thus eliminate the dust-producing shovelling and handling, Under
this plan exhaurt ducts with a series of outlets around the top of the hoppor carry
of 2 the dust, . Air is also introcuced into the room about ‘a man's breathing level and
the amount of air taken out is creater than that introduced so that a negative pres-
suro is maintained and a complete air change is made about every three minutes.

. — (b) Tunblast ~ The Tumblast is a machine which cambines tumbling with air blast-
izng, From 400 to 1500 pourds of castings are put imbto & drum which revolves about -
10 ABL. They run from sbout 20 ninutes to four hours, depending upon the type of -
cestings and cleanliness required. While the castings are.being tumbled they receive

) | o : Qaq  18-00000f¢
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2 blast of #20 Steel shot through three 5/16 inch nozzles under an air pressure of
85 pounds per square inch. This machine is opersted by three men, with an average
‘ervice of eight years, for a period of two and a half hours per man per day, five
ays a week, Pulmosan Dust respirators are provided but are mot always worn, A
ten-inch exhaust pipe has been installed at the top of the machine and a six=inch -
exhaust pipe over the screen, The suction on these oxhaust plpes is said to be
about 2-1/2 inches- water. Samples taken during the operation of this machine aver-
aged 1,200,760 dust particles, ten microns or less in size, per cubic foot whioh in-
dicates that phe dust control measures which have been provided are getting results
"although there is still room for improvement., About 98% of the dust particles ap-
pear quartz-like under the Konimeter microscope; about 607 are five microns or less
in size and are angular crystalline in appearsnce; 40% are ten microns or over in
size, and rather rounded in appearance, There are also & large mmber of minute black
metallic specks entirely too small and mumerous to count socurately, .

*

(o) S1y Tumbling Mill - Cleans brass castings by = combination of tumbling and .

Aa.ir-'blasting with 73 Sand Blast Sand and 85 pounds per square inch air pressure, The

| ‘microns in size,

)
v

M411 holds from 100 to 150C pounds of castings end clears five loads & day. Two men,
with an average servioe of 15 years, operate this mill which runs about five hours s
day. They wear Pulmosan Dust respirators and -oggles vhien opening the machine. This
1311 4s hooded with an 8-inch exhaust pipe having a 2-inch water suction, also s
~10=inch exhaust pipe over the sand screen at the rear of the machine, Samples of

" dust taken during the operation of the Sly Tumbling Mill had as high as 2,492,160
particles ten microns or less in size per cuble foot of air and an sverage of
1,393,344 particles per cubic foot. About 90X of these dust partioles were rounded
erystalline in appearance under the Konimeter microscope and two microns or less in
size; 5% were black, opague scalé-like and 5% were rounded crystalline about five '-.

-(d) Tumbling Barrels - 36" x 42" Whiting Tumbling Bi.rrqls remove sand fromoast-
ings. They hold froam 1200 to 1500 pounds of castings per load and revolve at 10 RPY,

777~ The castings are tumbled.about two hours with about 700 pounds of one-inch unanneal-

ed cast malleadble iron stars and jacks, An exhaust system with a 6-inoch pipe through
the trunnion having a swotion of 1-1/4 inches water. This suction has been found ine
adequate to give the desired results consequently the suction is to e increased to
4=inches-water. Sdmples taken during the operation of the Tumbling Barrels had an
ge.of 1,348,032 dust particles ten miorons or less in size per cublo foot of
air. About 90X of thése particles were angular.crystalline in appearance under the

- Konimeter Microscope and three microns or less in size; about 10% Wéré rounded™ sembsm™ wrrmmmm

orystalliS¥, ten microns in size, There were also a few triangular-skaped opeque ' °
metallie particles. Three men, with an average service of twelve years, operate
these tumbling barrels eight hours a shift, five shifts a week, - Pulmosan Dust Proof
respirators and goggles have been provided but are not always wormn, .

The typs of Tumbling Barrels being used has been condemed by a hajor S oM

~pany because it is impossidble to ventilate it properly. The holes in the end liners

‘ ..;

cloz up when the bdarrel starts revolving., thus preventing oirculation of air through
the barrel., This candition Tas been rémedied, in a now design now on the market, by
the use of two shells -~ mn inner perforated and an outer solid shell, Both trume.
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 others :

(e) Air-Blasting - Castings which cannot be tumbled due to their size andfra—
gility are cleaned by nir-blasting (85 pounds per square inch) with mixture of ap-
proximately half and half sand and 740 Steel Grit. Syracuse Core sand is used when

,/ @ speclal finish is desired. There are three mon, with an average service of three

Years, on this Job who work 45 minutes of every hour, eight hours s shift, for cme .
vieek ovt of three weeks. This work is done in a special tight. air eonditioned room

00 l 48 34 18-006007(
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while wearing a Sly Sand-blast Helmet supplied with outside fresh air provided by a
“special dlower used for that purpose only. Samples taken inside the room while a
" gasting was being air-bdlasted had an average of 3,738,240 dust partinles ten microns
o/ or less per ocubio foot of air, About 80% of these dust partioles were sharply angue
lar orystalline in appeareance under the Konimeter microscope and three microns or
. less in size; 20% were rounded guartielike orystals about ten microns in size, There
were also a few yustelike scales and a large number of black metallie partioles too
minute and too mumerous to be counted accurately, The silloosis hazard of this opera-
tion could be greatly reduced by the use of steel abrazives exclusively.

~—l

' (f) Rough Snagging Wheels - These machines are used for removing projections
such as sprues, parts and gates from castings. There are two types of these wheelss
the DOUBLE END using either 19-1/2" x 3" Carborundum and Vitrified or 24" x 2-1/2"
Redmanol (Bakelite bound) Wheels; and the HORIZONTAL DISC Grinder having a 5¢" °

~ diameter vitrified wheel. These wheels are used by seven men having an aversage
service of nine hours per shift, five shifts per week, Each wheel iz hooded and has
s four-inoh suction pipe. There is an eight-inch suwtion pipe on the Horizontal
Grinder. Goggles and respirators are provided dut the latter are not always worn
with the exception of the men on the Horiremtal Grinders, Vitrified wheels are rm
at & slower speed (1800 RFM) than the Bakelite Bound Wheels which operate at 3400
RPM, Samples taken during the operation of the Rough Shagging Wheels had the fole
lowing dust oonoentrations,” . o

-

Doublo End Snagging Wheels;

*  Average Dust from Vitrified WhoolSe.eces.ceces 3,653,280 particles i:er cubio foot
. n n " Carborundum " L.cc00cc0.e 3,322,820 n- b " "
) J " ”n oon

» " " Bakelite Bound Whesls, sveoce z’ 552,080 ) 1

[ Eorirontal Diso Grinder:
Average Dust from 50" Vitrified Wheeleeeesees 2,124,000 particles per cubio foot

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

e . About 80% of the dust partioles:-from the vitrified wheels appeared black angu-
77 % lar opaque-under. the.Konimeter microsoope and two miorons or less in size; 20% ane
' gular crystalline -about one mioron or less. There were.also s large mumber of black
minut®™particles too small and numerovs'to oownt. The dust Miclmﬂ’”ﬁﬁorwﬂm
zontal (Vitrified) wheel were approximately SO% angular, orystalline and 10% blask '
opaque, All of these particles were about two microns or less in sige, . ~About 60%.
of the dust particles from the Bakelite bound wheel were black angaler two miorons.
or less in size; 25% were angular crystalline, less than one micron in size and about
15% were rounded orystalline sbout five miorons in sise. ' ‘ _

" (g) Fine Snagging and Polishing Wheels - These wheels grind off small projeé-_-

.~ tions and Temove rust from stock which has been in storage. There are three types:

DOUELE 4" x 14" POLISEING EMERY WHEELS -~ Wheels after being made up are dipped in

glue and then rolled in Alundunm Grinding Grain, sizes 60, 80 and 120 mesh. DOUBLE

DISC GRINDERS - 36" discs covered with 346 Cast Iram CGrain or Silioon Carbide (an
eleotrio furnace product) and WIRE SCRATCH BRUSHES ~ made up with four 12" sections.
Exhaust hoods with a suction of from three to five inches water, have been installed _ .
on the Polishing Wheels and Disc Grinders. There is NO hood on the Wire Soratch =
- . Brushes, Thuse wheols are used by four men with an average servios of two years, They

Vi wear goggles and gloves but no respirators., Samples tskon at face level during the
operation of this equipment had the following average dust ooncentrationss
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Dmt Produoed by 36" Disc. Grinderiesecsceacss 1 416,000 pu.rticlea por cub:lo foot
i 12" Hire Soru.tch Brushuceeee 736,\520 "
| '»’ " " " 4" x 14" Polishing Wheels.. 461,440 " oo .
These oompnrativoly low dust counts 1nd1cnto that the dust control measwres whioch
‘have been provided are either eflective or the dust particles produced are over 30
microns in size and were thus filtered out by the Konimeter filter, Under the mi-
oroscope dugt partioles from the Polishing Wheels appeared all rownd crystalline and
" about one micron-in size, About 40% of the dust particles produced by the Double
Diso Grinder were sharply angular, opague about three microns or less in size; 60%
were less angular cwatalline about one micron in size. The dust particles produced -
by the Wire Soratch Brush were all rounded, crystalline and about one miocron in sice.
There were no metellic particles in any of the samples examined, Few exhaust hoods
have been installed on Wire Seratch Brushes because it has been generally assumed
~ that these brushes did not produce any dust, This assumption, however, is untrue as
one sample from a wire brush at a Southern Refinery had as high as 6,683,520 par

t:!.clos ten microns or less per cubic foot of air,

(h) Cone Grinding Wheels - These wheels are opera.tad with ompreased air and
are used to do miscellaneous. g grinding on castings by four men, with an average ser-
vioe of twelve years, about two hours a day on an average. The cones are 5-1/4"
3-1/A" vitrified and produce an average dust of 1,859,120 particles ten microus or
less per cudblc foot of aire. About BOX of these part:lalas are sharp angular orystale
1ine, In appearance wnder the Konimeter microsoope they are five miorons or less in
size; 20% are round opaque but non-metallio in appearance and five miorcms or over

~dn ‘sige, .’ There are no hoods over tliese wheels anﬂ the opsrators ™wear no respirators,

1

N Average Dustinesa of Cleaning Room Air = A serles of five samples were
/ taken between 9:30 and 9140 AIL to determine the average amowmnt of dust in the air
.of the cleaning room vhile the various eloa.ning operations wers in full blast. An~
- other series of five samples were taken about .3:;30 P.l. in the afternoon after the
‘room had been given its regular clesn~up., There was quite a difference in the amouxt
of cust in the air cduring the morcing (2,166,480 particles ten microms or less per
cubic foot of .air) and during the afternmoon toward the close of the shirt (338,272
particles per cubic foot). About 95X of the dust particles in the evening samples
rreae WET9._2ngular crystalline in appearance and about two microns in size, There were a
few large semi-opaque-or-scale-l1ike particles about 20 microns in size, About 98%

of the dust partieles in the morning samples were angilar orystalline-two-miorms..or..

less in Mze and a.bout 2% were round, crybta.lnne over five miorons :ln size,

A sample of dust from top of one of the larger Bxhanat Ducts in_the center.
of the cleaning roam was given a petrographic examination by the U.S,Bwreau of liines
Experiment Station at Pittsburgh, Pennsylvaria and found to contain 40% Quu-'bz
(8103), 20% Clay Mineral not completely identified; 40X opaque,

Dy = CORE MALKIEG - A large mumber of cores are made by the Demmler Mr 0pe-
rated Core.Machine which uses a mixture of two-thirds sea sand, one-third river sand
and one gallon core oll per 60 gallons sand, There are three sources of dust in the

opera.tion of thiz machine:

(1; Shovelling.Sand to fill the Machine Hopper.. 1,019, 520 pnrticlos por oubis foot
(2 Blm'ling 0Ut COro=boX®Siceesccscccccsscccsnes 735 320 "
(U) mWinE sand into tha COre-hOuldS-....oo-..o 755.200 " " . |. "
’) =  About 984 of the dust particles from blowing out the core baxes are dark,
opaque in appearance cnd about one micron in size, The dust particles from blowi.n;
- sand into the core moulds are angular crys+talline less than one micron in aize.
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Cores are "mmoothed up” after being baked in the core oven by soratohing .
oﬂ. the rough .cdges with an old hacksaw blade. This operatiom produces an average of
, _‘/ 906,240 dust partioles ten misrens or less in size per cubic foot of air, About 98%
" of these partioles are angular, crystalline in appearance wnder the Konimeter mi-
‘erosoope and are lsss than one micron in size, ' .

"B, = SEPARATION OF BRASS FOUNDRY SKIMIINGS « A Steinlein Separator, revolv-

. ing about g5 RPY, separates brass from about 100 pounds of skimmings an hour. The
separator has a 4-inch exhaust duct to a 12-inch fan which produces a suctian of
‘about four inches water, Samples taken during the operation of this machine had an
average of 1,231,920 particles ten microns or less per cubic foot of air. About 95%
of the dust particles in samples taken above the charging chute appeared opaque.
angular dlack in color under the Konimeter microscope and were less than one micron
4n size., About B0 of the dust particles in samples from the trunnion were more -
orystalline and rourded in appearance and less than one micron in sire, This was
elso true of the samples taken in front of the machine where the slag drops dom into
& bucket., The dust particles in samples from the metal being dischargsd froem the
rachine were about 50% metallio in appearance about 50% angular crystalline, Both

crystalline and opaque particles were mbout two miorons or less in size, Six men,

vith an average service of seven years, take turns operating this machine which runs

.. _ 'about two hours per day on an average.
X - MASON'S OPERATIONS - ~
I, «~ TEARING OUT STILL FIRE BOXES -~ Two men with an average service of ten
years, spend two days a month on an average tearing out slag-covered bottoms of crack-
ing ooil furnace fire boxes. Temperature inside fire box is about 85°F, The bote
. toms which are composed of fire brick are broken up with "Bull Point" Pneumatio
! chisels, Samples taken inside the fire box while thls work was in progress had dust
- concentrations as high as 1,019,520 particles ten miocrons or less per oubio foot of
-~ alr, These particles were glassy sharply crystalline in appearance under the Keniw -
meter mioroscops, About 90% were five microns or less in size and 10¥% were over tem
nioronss, The larger particles were semi-opague, There were also a large mmber of
round black opaque particles about one micron or less in size, After the bottams
had been droken up by the pnoumatio chisels they are shovelled cut through the fire-
s box door and then reshovelled into truoks to be hauled away. This operation paturale
w:;i‘”woduocs:négo@gustmthad the dreaking up inside the fire box, Although no wind was
blewing samples taken at face level-during.the shovelling and loading had dust con-
centr®®ions us high as 2,435,520 particles ten micfous or less-per-cuble.foot of air
and an average of 1,345,200, Goggles dbut no respirators were worn by the workmei™ e
. II, - CHIFPING OR CUTIING CCNCAETE = A large mmber of employces with an .
average service of three yoars, spend at least ten per cent. of their time dismante
ling or outting oonorete structures with pneumatic chisels in the removal of old .
foundations, oconorete supports and dlocks and in cutting holes in walls and floors.
Samples taken during the cutting or ohipping of concrete had as high as 6,910,080
particles ten microns or less in size per cubic foot and a goneral average of )
1,591,051 particles per cublc foot, A1l of these dust particles are slightly angular
erystalline in appearance under the Konimeter microscope, About 85% of the dust par~
ticles —ere five microns or less in size; 107 between five and ten miorems and about
- 57 over tex miorons in size. In many cases neither goggles or respirators were worn
by the worlomen, Regardless of the rather low dust counts found, men engaged in chip-
Ping or cutting concrete should wear concrete due-to the high silica content in the .

usual eggregate used in oonorete, . .

4 III, - CHIPPING HORTAR FROM BETWERN BRICK - Chipping Mortar with pneumatioc

ciisels from between bricks inwalls of strictures preparatory to weather-proofingisa
particularly dusty operation. "Semples taken during this work had dust gopeentraticns
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az high as 20,956,800 particles ten microns or less per cuble foot of air and &
general average of 13,848,480 particles per cubic foot, All of these particles were
angular crystalline in appearance under the Konimeter microscope and about si;; niw
crons or less in size, There were also a countless number of minute reddish-gray
particles. This work was done by an outside contracter whose employoes wore goggles

but no dust respiraters.

: IV, = CRUSHING FIRE BRICK ~ Fire bricks are crushed in a bdelt-driven Williams
or a Noto}-driv-en. Sturtevant Brick Crusher so that 80% will pass through a 3/8“ or a
150-mesh soreen - much of it is powdered during the crushing. This material is then
mixed with fire clay, crushed asbestos and cement to make "Ganister" which is used in
tube sheet linings. packings or as mortar in building fire.-boxes of furnaces.
"Samples taken euring the crushing of fire brick had dust conoentrations as high as
11,554,560 particles ten microns or less in size per cubic foot and a general average
of 2,562,960 particles per cubic foot, Crushing new fire briok produses about six
tines as many dust particles (4,375,733 per cubdic raot; as is prodused when crushing
old, used fire brick (735,320 particles per cubic foot)., TUnder the konimeter mi~
croscope about 94 of the dust particles produced by orushing new fire brick appear
angular crystalline, one micron or less in size; about 5% are opaque over ten mi-
crons and abeut 1% are dark opaque, scale~like about five microns in size, The dust
partioles from crushing old used fire drick are more rounded crystalline in appearance
and are about five microns or less in size, ‘An analysis of Adamo Fire-olsy Briok, =~
which ia commonly used and was the new unused fire drick dbeing crushed at the -time

our samples were taken, supplied by the manufacturers (Barbisan-Halker Refractories

Company) reports: y

-

s’-licacoo000.0030000000.0.0 510.8 p’r Oento
Alumina and Titanis....... 45.4 " "

'Fen'ic Oﬁdooooooo-ooooooo L1l " "
Lm.Q.-~o-oioocoocotoo'ocoo 0.5 " i
H‘pesn..‘........'..'... 0.3 " '“
'Alkl.lies.......’...a;.._.._.. 1.1 " " -

Fire btrick is crushed by two men assigned from the Labor Depariment, the aver-
age service of these men 1s about 14 years. Iwo to three tons are crushed per aday.
The total length of exposure per month depends upon the demand for orushed fire
brick’and ‘'will vary from.a general. averags of fifteen hours per man per moenth to as
much as tvelve hours a week, Goggles and M, S, A.Comfo dust respirators-are-worle. . ...

N - : . . = .
.. ¥ = SHAPING JIRE BRICK ON EMERY WHEEL -~ Fire brick are ground to a spesified
shape and size on & 2" x 24" Carborundum (Grit 16, Grade 1, Bona 6C) Whesl which re-
~volves 900 RFYi, This wheel is almost completely enclosed by a hood which has a 4=
inch duct to a 24~inch motor-driven fan operating at 1750 RRf,, but this exhaust is
svidently inadequate as samples taken while rounding off the edges of a fire clay fure
naoe block had a dust concentration as high as 4,078,080 particles ten microns or
leas in size per ocublc foot of air, The general average was 2,001,658 partinles per
cubic foot,. All of these dust particles were slightly angular and slightly opaque in
appearance wnder the microscepe and five microns or less in sige, One man wearing
gocgles and a 1L S.A. Comfo respirator, with about 15 years service, spends an averags
of about two days a month shaping fire brick and blocks om this wheol. )

" VI, - DISHANTLIS MASCHRY Dizmantling Masonry structures such as old boiler
and still settings is a very dusty cperation but was not included in this dust study
a3 there ras no work o this type in progres: at any.of the plants at the time of our-
survey, . .
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X1 - WOODWORKING OPERATIONS
Woodworking operation;, as performed in connection with the refining of pe-

[N

J

- trolewm products and assooiated activities, are used in the production of patterns,

T —

box shooks, containers, and construction or maintenanoe work. These woodworking
produce more or less dust which ia largely organic and although it may
have some spores and hare an allergic offeot on some individuals, it is not consider-
od hnmﬁ‘l. Mr, D, Barrington of the U,S,Bureau of Mines advises that the U.S.De
partment of latpr in a recent bulletin indicate that workers breathing wood dust are
far more definitely afflicted with tuberculosis than the general run of industrial
workers. In large quantities, however, wood dust belongs in the "nuisance” class and

may also be an explosion hazard )

operations

o A, = BOX SHOOK MANUFACTURE « All pine lumber used in the manufacture of box
shooks is "kiln~dried" and all gum lumber is "air-dried". Men work eight hours a

shift, five shifts a woek, .

""" () Resawing ~ Band sams, twenty-five feet four inches in oircumference, re-
saw four~quarter and five-quaiter lumber into 3/B-inoh and 1/2-inch shooks respec- -
tively, Semples taken during this resawing had an average dust concentratica of
155,760 particles ten microns or less per cubio foot of air when sawing pine and
996,864 particles pér cubic foot when sawing gum. These low oounts indicate that
the exhaust and dust colleoting system which has been provided is functioning, This

- exhaust system inoludes hoods over each saw with B-inch ducts to & belt driven fan
with five-foot blades revolving 3500 RPMM, About 60% of the dust particles in samples
. taken while resawing pine were orystalline, rather glass-like-in appearance = prob=
ably resin ~ under the Konimeter microsoope and over ten microns in size; 40X were
round with rough edges gray and opagque, five microns or less in size. About 80% of
-the dust particles from cutting gum lumber were round orystalline semi-opaque in ap-
pearance, five microns or less in size; 20% were over five miorons in size, Gur lume

der 1s rosawed only about four days a month,

(b) Ripsawing = Rip saws. 14 inches in diameter out ends from four-quarter
gum lumber, An exhaust system has been provided with a hood over each saw and four
inch metal duots to a bdelt-driven fan with six-foot blades revolving 3500 RPtl. Samples
taken during this operation had an average dust concentration of 189,520 particles
ten-miorons.or.less per cubls foot of air., All of these particles were angular orys-
talline semi-opague in appéifance under-the.Konimeter mioroscope and about three mi-

cron®™in size, .

(o) Cut-Off Sawing - Saw four-quarter lumber to make box ends.. ~About 85% of
the time gum lumber is samed,and 15 pine lumber is sawed, Samples-taken while saw=
ing gum lumber had an average dust conoentration of 877,920 particles ten miorens or
loss por oubio foot of air, About 50X ‘of these particles were round orystalline semiw
opague, gray in color and fram five to tem microns in sire; 50X were slightly sngue
lar crystalline in appearance under the Xonimeoter mioroscope and three microcns or less
in sitze, There were also soveral very small blaok speoks. The low dust count indie
cates that either the partioles were mostly over 30 microns in size and were thus
filtered out by the poroelain filter or that the exhaust system was effective, -

. (4) Planing - Planers or doudle surfacers resurface the four-quarter and five
quarter lumber to give it the proper finish, There is an exhaust hood over each ma- -
chine with an eight-inch metal duct to a belt-driven fan with six-foot dlades rovolve.

_ing 3500 RPM, Samples taken during the operation of planers or double surfacers had

. ™ general average dust concentration of 509,760 partioles ten miorons or less per
oubloe foot of air when planing pine lumber and 415,360 particles per cubic foot when
plhning gum lumber, Particles of -dust produced while planing pine lumber were -
erystalline rather round in appearance under the Konimeter microscope, about 75% were
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five microns or less in size; 257 were larger than two miorons and rather opaque.

Just particles from planing guh lumber were round opaque in anpearance and one mi-

oron or less in sicze,

Dustineas of Shock Factory Mr - A serles of flve samples were taken at five
strategle points to determine the average dust consentration of the faotery air,
These samples  gave an average concentration of only 141,600 dust partioles ten mi.
crons or legs per cublo foot of eir which indicates that either the major portiom of
the dust is over S0 miorons in site or that the ventilation system is proving effec~
tive. The latter is probably the more logical explanation although the exsellemt
housekeeping is undoubtedly an important factor. About 98% of the dust partioles in
the faotory eir samples were slightly angular crystalline in appearance under the
Konimeter microscope end about five microns or less in size; 2% were rowund, opaque
dark gray in color and two microns or less in size, '

B, ~ BELT SANDERS, SAND DISCS AND SPINDLES OR CYLINDERS = This equipment is
used, for "squaring up” and smoothing surfaoes of wooden patterns,.oleaning and
finishing barrel-heading and staves and general mill work in the Carpenter Shops.

. Sanders are & notorious source of fine wood dusts. They are also oontaminated with
" an appreciable amount of silica, if a sand-~type of abrasive is used, oonsequently

either hoods for the machines or respirators for the men engaged in operating these
machines should be provided. We appreciate that it is rather diffioult to.properly
hood & sander to prevent the fine dust being carried around by the abrasive member,
partioularly disoc sanders. Our attention has been called to a case where s man ene.
gaged in the use of sanders suffered recwring respiratory illness and ultimately
doath froom pneumonia, His attacks of illness soemed to oorrelate with extended

use of the sanders, .

. (8) Bolt Sanders - An 8" x 28-1/2 ft., Belt Sander (Lightning Adalox Cloth
1—1/2 = 40 X Grit Norton Abrasives) runs on an average of two hours per day and is

.

 used by eight -differont men with an average servioe of fiftoeen years, Samplea taken
" while finishing #1 Pine lumber had a dust conoentration as high as 15,519,360 pare

L R W

' .'dro

ticles ten microns or less per ocublo foot of alr and a general average of 3,443,712
particles per. oubic foot. About 90X of those partioles were sngular orystalline in
appearance under the Konimeter misoroscope and five microns or less in size; 5% were
over five microns in size; 5% were opaque scale~like, ten miorons or less in size,
There was 16 hood“over-this.sander and the dust prodused was thromn into the shop

e .
o i

- A 6 3n, x 18 ft. Belt Sanding machine (#3 Production .Cloth Minnesota Mining
Company) rims on average from four to six hours a woek and is used by four different
men, with an average servioe of four years. This work was formerly dome by hand en -
& lathe with sand paper, Samples taken while finishing the outside of a bdarrel had
an average dust concentration of 491,440 particles tem mioroms or less per cuble
foot, These partlcles were largely mrgular crystalliné in.appearance under the Xcnie
meter microsoope. JAbout 50% were five microns or less, and 50% were over five mi-

-orons in size,.

' (b) Sand Discs or Wheels -~ These discs run iﬁ:qm 40% to 60% of the tine and
are usually used by everybody in the shop in whioh they are located., Samples taken
during-the cperation of sand discs or wheels had the following dust concentrations:

- -
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No. | Size Adbrasive Work Being Particles Per Characteristics of Dust
' (Dia. ) Used 3 Done Cublo Foot Particles (Sizes and Per-
_ : oontages Estimated)
7 | 7 |#24 Sama ‘cle;sing 604,160 Agg:ia;o;fggtali:ne .
Papor Minn. | heads. abo ve miorons
Mining Co. .| Finished or less and 50% larger
_b" - ‘ Barrels than five microms,
11 | 24" |#i-1/2 Gar-| Squaring 623,040 About 85% angular cryse
net Paper. Hood talline twec miorons
Minn, Min- | Pattern or lesss 5% quartz-like
ing Co, " rounded about 10 mi-
' crons in sige, |
111 | 30" |#40 6rit | Smoothimg | 1,925,760 About 90% angular orys-
- | on Bristol | off Pat- ‘talline three miorons
Board, - tern or less; 10% opaque
Gardner Ma- ’ angular one mieron in
chine Co, size,
IV ]| 30" |#2 Garnet | Squaring 3,624,960 - About 98% semi-opague,
Net Back. Wood Pat- send-1like, one mioron
Gardner tern - or less, 2% opaque &
. Machine microns or over in
Co. “size,

Tho sand diso in No. I vas used in a well ventilated cabinet oonnooted toa
48" motor driven fan by & 7-inch duot. The men wore goggles and "Camfo"™ respira-

tors,

The sand wheels in No, II and Nc, III had hoods with about 3-1/2 inches

water suotion connected to a 24" motor drivea fan by 4-inch dusts, The men. ware
neither goggles nor respirators. The wheel in No, IV had an exhaust hood with & 6=
inoch duct conneoted to a 24~inch dust which in turn was connocoted with & 36=inoh mo=

tor driven fan.

i (@), SaNd. Spindles or Cylinders - Sand apindles or oylinders are used on an

average of ‘about two hours per man-per-day...

videdmfor. this

equipment,

sand discs or nhooll.

Samples taken during the operation of Sand Spindlos or cylindora had the rolm
loning dust conoentrations: : ‘

.
]

No hood or suotion exhaust has been pro-
Men using it do not wear goggles or‘*rospiutomgalﬂ;gysh
"the dust particles produced are ncre tn;ula.r in appearanse than those produood ‘.vy

Size
(Dis, ) -

Abrusive Used

" .Work Bo'ing

Done

Particles ‘Per
Cudbioe Foot

Characteristios of Dust
Particles (Sizes and
Percentage Estimated)

r4

Co,

3* |#carnet Paper
Gardner Machine

Cutting Inside
Core Boxes

2,322,240

About 60% quartz-like
in appearance, ten ni-
erons or over in size;
40% semi-opaque five
miorons or. J.eas inlize.
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DUST PRODUCED BY SAND SPINDLES OR CYLINIERS (Conoluded)

Size o , Vork Being Particles Per Characteristica of Dust

(Die. ) | Abrasive Used Done Cubic Foot Particles (Sizes and

o - ' Percentage Estimated)
3.1/# | #1=1/2 Garnet | Putting 877,920 About 90% angular orys-
Paper Minn, Taper on talline two micrams in

Mining Ce. - | Pattern. size; 10% opaque five

J miorons or less in
size, .

T *greateat.,mmmt of dust,.

Co .= MAKING JOODBN CRATES ~ Two types of saws are used in prepa.ring lumber i‘or
making crates for gason:ne pumps and ta.nklx

, (a) Band Sa.wa ~ Semples taken during the operation of Band Saw had a dust
conoentration of- 453,120 particles ten miorons or less per oubio foot of air, 41l of
these dust particles were rowund, ocpaque in a.ppearmce under the Konimeter mioroscope

and three mioroms or less in size.

- - '
- -

(b) Railroad Saws - Samples taken during the operation ot an 18" Railroad
Saw had a dust concentration of 3,964,800 particles ten miocrons or less per oubio
foot of air., All of these partioles were round, grayish opaque in appearance under

" the Konimeter nicroscope and about five microns or less in size. There were also nu-

merous ninute gray specks too small to count accurately, .
X11 . ROCK EXCAVATION '

Rook excavation is usually = dust producing operation whieh is limited to cone
struction activities in the petrolewm industry. The hazardousness of rock excavatiom
depends entirely upon the nature of the roock being excavated, the length of exposure.
and the methods being followed. The principal sources. of dust are rock drilling,
blasting, mucking and handling of the rock, Of thaao, drilling probably produces the

- A= DRILLING - The pneumatic rock drill operatca easmamm
device which shatters the rock to a powder at the poinmt of impast, Aocoording to

‘Theodore Eatoh of the Harvard School of Publio Health (X.Y,Ind,Bull,Vol.15, No,9 =

Sept. 1936) the partioles of dust thus generated vary in size from.ané-quarter inch
or larger down to sub-mitroscopic diameters. The dust is removed Irom the drill hole

by & stream of air or water or a ocombination of the two introduced through the hollow

drill steel. In the case of jack-bammer drilling a consideratle amownt of rock dust
ojeoted from the hole falls back to de orushed further before it is removed again,

Ouoting Mr, EHatch:

"The amount or dust produced by a rook drill is surprizingly
large = a jack-hammer., operating at the over-all rate of 100
feet of drilling per day, actually crushes more than 200 pounds
of rock in eight hours, Cf thls, at least five per cent, is in
the form of particles smaller than ten microns; hence, more than
fifty grams of dust small enough to be air floated is generated
per foot drilled., 1In terms o.° numbers -of particles the ﬂguru )
are enornous « it has been found that a Jack hammer prodides as -
much es one billion particles of hygienio interorh dur:lng ono

miaute of operation”. -
. ' " 18~000007
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B. = BLASTING = It is often said that dlesting produces the greatest amount
of dust in rock-exsavation. This statement is oomtradicted by some suthorities who
refer to the faot that the blast dislodges a great deal of dust from the rock sur-
faces deposited there fram earlier drilling operation in addition to that actually
generated by 3t, Under this condition blasting is wndoubtedly followed by a higher
dust ooncentration than in the case when all the dust produced by drilling is oap-
tured dnd'opnveygd to & remote collector so that only that actually genorated by the

.explosio:}benoapea into the air,

While it 1s undoubtedly true that if drilling is done dry, there will be dew.
position of same of the dust on the surfaces of the excavation and later be raised
by bdlasting, however, dust from this source is minimized if drilling 4s done wet,
because the slushed out particles tend to form agglomerates, which are not so readi-

- 1y raised by the blasting operation. Also. when good practice is followed, the face

and sides are wot down with water before blasting, and in mining work, there is a
comtinuous water apray that is started onto the heading before the blast takes place
and continued for some time after to help allay the dust and to wet dovn the material,

80 that dust raised during mucking will be at a minimum,

Co = MUCKING - The amount of dust produwed by mucking and other rook-handling
operations varies greatly with the nature of the operation. Om open excavsation it
is protably of 1ittle importance, but in confined sources as.in tunnels and mipes
the dust eonocentration associated with rock bandling may reach dangerous levels.

D, - DUST CONTROL - Methods for the control of dust in rock exoavation as

~ suggested by lMr. Hatch include:

- (a) - Het Drilling and Wotting Down Rook Walls and Huck Piles = In general it
may be sald that water is less effective against quartz-bearing rock than agsinst
silioa~-froe material such as lime-stone. The usefulness of water is limited when.
{reozing temperatures ars encountered and it produces otbjectionable working conditicms .
especially for overhead drill operators and 1s oertainly to be avoided if s pneou-

- monia hazard exists, A fundamental objection to the wet method is that the dust is

not removed from the scene of operation dbut simply suppressed near its souwrce where
it remains to be throm into the air by a subsequent disturbance suoh as blasting,

the dusty air with suffiodient olean air-to-bring-the.ccnceatratd

(b) = General Ventilation = The purpose of general ventilation is to dilute
o down to a satis-

Tactomy level, Two precautiona are required:

1st, - the fresh air f1tself must be free from dust and.
2nd, -~ 1t must be properly distriduted through the work-
ings to insure maximum mixing with the dust laden

air, -

. (o) = Dust Exhaust Hoods on Drills and Other Mucking Operaticns and Looal
Sources of Dust - Effective dust control can be secured by means of a dust trap whioh
surrounds the drill steel at the rock surface. The dust-laden air iz captured as it

-emerges from the drill-hole by the inflow of clean &ir into the trap, To be offec~

tive, the inlet velocities must be great onough to prevemt the outward movement of
the dust and suffioient velocity must be maintained at all points within the trap to

prevent settling and clogging. The scollected dust is oonveyad by the air-streanm

through hose and piping to a suitatle dust separator in which the air is freed from .
its dust load and thus is discharged from the apparatus as clean air., .Traps 'of dif-

-Teront designs are required with various drilling operations and special supporting

devices are necessary to hold the trap in proper aligmment with the several operat=
ing positions, (NOTE: The dust trap is satisfactory under many conditions, but again
mder many other conditions has not proved satisfactory. RSB) . -

. ' qg 18-00C
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The dust dispersed during muoking, as well as that arising from rock drille
ing, oan be controlled by local exhaust ventilation and requires no elaborats ape

J paratus.

(d) = Personal Protection By Means of Respirators and Positive - Pressure
Masks = An effective respirator or a positivo-pressure mask suppliod with an adequate

: quantity of dust-Lree air provides the wearer with protection when it fits the fage
properly anj is worn continucusly in dusty atmospheres. Respirators and masks have
a logitimate place.in the field of silicosis oontrol, especially to provide pro-
teotion against infrequent tmexpected dust concentratiors but cannot be recormended
as a substitute for dust control in continuous operations.
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PART III - MEASURES FOR REDUCTION OF THE DUST HAZARD

~ HOW CAN THE DUST HAZARD B“ REDUCED? « The quantity of dust irhaled my be .
minimized by the employment of these four methods outlined by Dr. M. Kunmel in "Hedie

cal Reoord":- .- . )

Suppression of Dust Near It's Origin, by the use of exhaust draught,
duatl}raps or water. The water has the advantage of a fly-paper effect on
the silica particles, but the humidity created tends to favor infectioan by
prolonging the 1ife of pathogenic organisms outside the body and ra.ointnt-

ing their entranoe intc the bdody.

3 Admixturs of Adulterant Dust with the silica which may assist in
the expulsion of silioca from the lungs, rotard the prooess of the disease
or prevent the development of tuberculosis, Howover, the introduction of .
an additional foreign body into the lungs is of doubtful value fraught
- ‘with potential danger and should be regarded very cautiously and con~-

aem‘c ively.

"3, Proper Ventilation, in commection with other methods, =~ - _

"4, Masks should be an ideal p'éven‘t;ive measure but ’mfox.-'t:unatél;:r,'
most of the masks stopping tho dust also stop the respiration, thus ne- - .

. cessitsting their frequent removal. They should be of an approved type,
_properly maintained, strictly supervised and their use rigidly enforced.”

. We do not believe that the use of water would have any outstanding offécts on
raising the humldity. in most of the dust producing operations in the Petroleum In~ -
dustry, any more than, for example, sprinkling one's lawn would have, We believe it
.. __remains to be proved beyond doubt that the humidifioation of air aetually favors :

'~ daoteriological growth to the extent that the incidence of disease frum pathogenic
organisms iz raised significently, There has been much discussion cn this sudject,
but 1ittle hes been proven. Theoretically., it may be admitted that these organisms
live longer in a moist atmosphere than in a dry atmosphere, but it is rather hazard-
ous reasoning to conclude that for the reasoms stated, the use of wet methods in dust

Mcmtrolwcluum imrmo in disease.

a Ir. Kumel's statement that most masks (we presume L means respirato
atop dust also stop respirations, is a little strong. There are available: today
respirators that adequately remove dust without creating a resistame to bresthing
in excesa of 15 to 30 millimeters of water colum, and the tendency ot~progrouin
mamufacturers of such devices is to further lower the resistance, Mea during the
war aotually did fighting vhile wearing respiratory protestive devioes that had as
much as 50 to 75 millimeters resistance, The resistance figures given for respirae
tors are measured at a rate of air flow of about three ocudbio feet a minute which is
equiﬂ.lent to the amowunt of air breathed by a person doing hard physical work,

Dust Respirators and Air Masks ~ Respirators- and masks of various typea have
been used since the days “of the alchemists and are mentiored by Agricols, Ramarzzini
and others,: Control of the dust hazard by means of reapiratory protective equip

ment 1s effootive, provided:
: (1) the protectivo equipment is,erricient, and "
( ). - - - - 18-0000081
SE - “(2) 4t 43 worn emtinumly. .

E"‘ﬂcie:ﬂ: equipmmt is avaflatle, but for cont:lnuou: use, day after d;y, thia method
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" of control cannot be dopended upon to provide the first 1ino of defense; in this re-
pect it may be likened to the:iuse of personal lmmunization as a primary safeguard
/ g gainst the spread of typhoid foever, Dust respirators and air masks do, however,
have a definite place in the field of dust control, especially as an emergency
measure, as & means of protection on infrequent dusty occupations and as an adjunct

to other more fundamontal methods of pravention.

ngpoxg;s msde to the Nationo.l Silicosis Corference, called by the Socreta.ry of

" Labor in February, (1937) to study specifio phases of the silicosis problem and pre-

gent suggestions for its solution, oontained many recomcndationa by qualified au-
thorities on the subject whick have been successfully employed umder actual operating
oonditions., Briefly sumarizad measures for the control of dust and the prevention

or pno\mooonioaia include:

' A, = DESIGN PLANT FOR DUST CONTRQL = Much cean be accomplished through deoign
when new buildings are contemplated or when old buildings are to be remodeled. For
instance, structural projections and ledges may be minimized to prevent the accunu~
1ation of dust 'that might later be released into the atmosphere by air ourrents or
by building vibration caused by travelling oranes, vitrating machinery, and equipment
that have large reociprecating parts. The Engineering Comittee recognized the faoct
that our present day engineering and structural materials for factories’ do not per-
mit elimination of irmumerable ledgez and projections without prohibitive dullding
axnd roofing costs. However, building interiors should de so contructed that they may
be easily cleaned by washing, hosing, vacuum cleaning er brushing, In some cases— . ..
operations may be looated over gratings, beneath which cquipnent is provided tor TOm

moving the materials and dust that fall throu;h.

* "B, = PROVIDE BUILDING VENTILATION - Natural veatilation should usually be'
oonsidered only an adjunoct in removing or reducing dust in the air, Even though it
is possible to-have high roofs in one-story structures which will give the greatest
benefit from matural ventilation, such methods cammot be relied upen to provide eom= -

" plete protecticn in dusty operations, Where mechanical ventilating systems are prow-

A A,

 atored in dustetight bins, tanks, of “emsYosures, but. eaeh _structure of this _type

- of & more oampact exhaust system resulting in more cfﬂcient oporation and lower maine

7ided, care should be taken to prevent strong drafts from open windows and doors dew
stroying the .effectiveness of the system Guards and shields should be placed in the
vicinity of hooded end partially exclosed procasses to prevent such a condition,

"™ Gy~w~STORE-DUSTY.MATERIALS IN DUST-TIGHT BINS - Dusty materials should be

should T provided mith a breather or venmt stack — perhape wit »
the stack -~ to permit the air displaced during loading to be: carried outaido the

building, Basements may be used faor storage purposes dut should not 'bo n”d for
dusty manufacturing opauticnl. ‘

D, = ENCLOSE MATERIAL HANDLING EQUIRMENT - Excessive dust oreated by nooha.n-
1zod mterul handling equipment can nsually be controlled by provision of adequato
housing and application of exhaust systems, Some materials can de kept in a moist
condition while being handled,. but when this 1s dore, the material may dry out and be

dispersed into the atmosphere as dust,

B, = ISOLATE DUSTY PIU.)CBSSES Where po::i‘ble, several or all dusty prcoousos
may be-isclated from the rest of the plant., 'This sometimes permits the installatiem

tenance cost,

T F. = PROVIDE WET METHODS OI-' OPBRM'ION Hater, 0il, and o;:her liqﬁids way 'bo
used ofreotively: . '

- -

- -

: - . ' . . 18-0000082
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1. To suppress dust at the point of origin in such operaticms. as
rook-drillings handling, pulverizing, ard milling rock and cre;
grinding metal on grindatones; abrasive-vheel outting of

granite and sandstone,

2, To prevent the re—dispersion of dust that has settled on the
floors, walls, and other surfaces such as in the grmite mdus-

try and in foundries, (, v .

G, - DESIGN EQUIPMENT TO CONTROL DUST ~ Whem new maohinery or other aquipman‘b ,
is contemplated, the manufacturer can frequently dbe emcouraged to include dust oon-
trol features such as exhaust hoods as an integral pa.rt oi‘ the design end construo-

.

tion. K

‘ ' H, = PROVIDE EXHAUST SYSTEMS - In some operations, exhaust systems my “be
4nstalled to remove dust at its point of arigin, In many cases several amall systems
are preferable to a larger aysteu. Any mechanical ventilation system should be de- .
signed to meet at least the minimum requirements of local State laws or industrial
codes, or lacking such requirements, should be installed aooording 4o the best ao~

oeptod practioe,

- Dust. Arrestera - Prwision of dust arresters will prnurb
hazardous dusts frem being circulated into other parts of thée: - -
plant or into the nmeighborhood. The loocation of dust arresters -
is very important, partioularly if dry types of arresters are
used. Provision should be made for removal of the_ocllested
dust without its ‘oscape into the erea whers the -.rroater is

' loqated.

T AP ESTABLISH MAINTENANCE AND. GOOD HOUSEKEEPING PROCEDURE = Good housekeeping
is unquestionably the cheapest single method of ocntrolling dust, Maintenanse goes
with it hand in hand., The best equipment in the world will not control dust if st~
perintendents, foremen, and workers are careless and disorderly .in their work, Eidzt

snggeations are advanced by the Conference Cammittees

1. If dust-tight equipment is installed it should be inspeoted at
regular and frequent intervals and all defects should be oor-

i

rected as sdon as they-are-deteated. -

-
2, Oporo.tions should be perromed in a manner that vdu ernte tho
ninimum amount of dust, _

- 8 Use water under pressure where poasiblo to clnn bunds.ng 1n-
teriors,

4. I practioabls, ccmbine water with air ror oleaning purposes.
All cleaning should be done, if possible outside of working
- hours and men engaged in this operation should be prorided

with dust respirators.
) 5. Vaouun oloa.n:lng removes dust without disporsing it eluwhero.

6. .Brushing is particularly adaptadble for elaanin; buildin;a of '
the older type of construction, . 3 .

7. Low-pressure stcam can sometimos bo used to.advantage,
| - . ' 18-0000083
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8. A responsible person should be assigned the task of supervis-
ing maintensnoe and hbusekeeping activities, Ameng other
things he should make tests from time to time to make sure
that the dust ocontrol program is achieving the deaired re-

- sults,
J. = PROVIDE RESPIRATCRS - The Conference Committee was of the unaminous opine

»1on that "dust elinination must be given primary consideration in solving the sili-

cosis problem”. lfévertholess, when kuown methods of elimination are not applioable
or are ineffective, respirators should be provided as "a last resort and for oco-
casional exposure only. Rotation of personnel under these conditions is advisatle.”
The report definitely states that there will always be places where other methods
will be inappiicadle and ineffective, and respirators will be required for doing the

| ‘work, also that there will be situations rhere respirators will be the primary

means of protecting the workren. The scope of good use of respirators is consider-
adly beyond that of occasional exposure. The need of rotating personnel depends on
the type of work done and the supervision given the workmen. 1In some operatins,

respirators are as nuch a part of the worlkman's equipment as his tools. Certn.i.nly,

" 4t cannot be expected that a person can wear a respirator for several hours con-

tinuously - tut how many Jobs are there that would require a person to keep the res-
pirator on continuously for an extended period of time., The ccmmon practice in the
majority of industrial occupations is that the person i3 intermittently oxpoudud
is afforded many opportunities for the periodic removal of the respiratory proteo~ -
tive devioe. -The two general types of respirators which the Comittee oonsidered

) auita.‘ble for protection agains{c silica dust are: -

(n.) A.ir-purii‘ying respirators that ﬁlter out the dust particles.

(b) Supplied-air respirators in whi‘ch dust-free air breathed dy
the worker cameés to him from an uncontaminated outside source,

lost respiratoi- manufecturers have submitted their devioes for testing and approval

by the T.S.Bureau of liines, and only those which have been approved should be \uod.

(a) A.‘lr-]’urii‘y__g Types of Respirators - Of the air-puridfying oless, the type
only used is the mechanical filter respirater for mechanically-generated
dust,” These respira.torf ‘give no protection from.gases.and vapors._ They generally
consistagf half facepicoes to which are sttagched an exhaust valve and & flfers
medium that removes the dust from the inhaled air; some are eguipped.with a filter
mediun that removes paint mists and samo fumes, They are light in weight -and inex
pensive, Filter pads must be changed at certain intervals, depending on the conoene
tration of dust. Some types restrict the field of vision, The general requirements

of a safe and suitable Mechanical filter respirator are (1) adequate protectien, (2)

reasonable comfort and convenience, (3) an ecceptadle service life period of protece
tion, (4) easy cleaning and sterilization, and (5) low cost of maintenance in good

serviceabdle eonditiun.

Studies of mechanical filtration by fidbrous materials made by such agencies as
the United States Bureau of Mines (U.S.Bur, of liines, Tech,Paper No,394 (1926) and
U. S, Pub, Health Bull.Mo, 177 (1928)) and the Harvard School of Public Health {Journ.
Indust. Hyg. 9,26 (1927)) revealed that filtering efficiency varies with the partiole
3lze and the amount-of solid particulate matter retained; also that the resistance to
air Zlow varies with the smount of solid particulate matter retained and the rxte of
air flew. After 311. the fundamental basis for judging the suitability of & respl-
rator is vhether or not the amount of dust that is wnretained or escapes through the

filter under conditions of practical use is below the amount that would be harmful .

to bréathe, This is not related to any percentage efficiency. - In order to meet the
‘Bureau of Eines requirements for approval. a re:pirator must satisfactorily remove
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‘d{mta of the following size characteristice:
99 per ceht smaller than 2, 80 microns

95 n " " .1,80
go " " " " 1.40. "
80 n . ” ” n 1. 00 "
'L m wo " 0,8 "
. 60 " " " ” 0. 72 "
- 50 n n n n o' 60 n

b
It will Dbe noted “that 80 per cent of the dust used in these approval tests is below

one micron (1/25,000th of an inch) and 50 per cent is below 0.6 microns. Canisters
will not remove dusts of these characteristics and should not be used as dust respie

rators.

In order to obtain the desired protection, it is essential that the face~
pleces of the mechanical«filter respirators fit the face of the workman snugly but
with a minimum of head-band tension. A simple practical test, suggested by Carlian
E. Brown of the U.S,Bureau of Mines Experiment Station in Pittsdurgh, Pemmsylvania -
( Jour, Indust, Byg. Feb, 1937 Vol.19, No.2, p.98), that anyone can run to determine
whether a respirator facepiece is making a tight seal. is to wear it in a high oon-
contration of cosl dust., The time of the test can be shortened by dlowing & streanm
of air containing a high concentration of ooal dust around the edges of the face-
piece. The location and approximate magnitude of the Tleaks &re shown by “streaks of
coal dust on the part of the face oovered by the facepiece. Ancther test, accarding
to Mr. Brown, consists of plugging the intakes of the respirator and them n.ttemptin;
to inhale, This type Of test could well be supplanented by the Coal dust test,

(v). Suvplied Air Respirators - Industrial processes such as pneunmatic drilling,l.'b-
rasive dlasting and spray coating have introduced atmospheric conditiocns for-whish
the air-purifying type of respirators are not particularly suitadble, Certain kinds’
of pneumatic drilling are responsidble for dust emoontrations so high that they would
rapidly overload-a dust respirator, The operator of an abrasive dlasting outfit
nust be protected not only against the inhalation of air contalning high ocnoentra-
tions of dust, but alsc against impact and abrasion of the head axd shoulder-by the
reboundin; abrasive and locsened abraded material. Spray coating is resporsibdle fre-
quently for pollution of the surrounding atmosphere by a oamdbination of particulate
“matter (mists that are liguid particles or a combination of solid and liquid pare
ticles) and harmful ¥vapors resulting-from-the. mporntion of the liquid Tohiole of

the cPating used in the spray gun, . e i :

Sinoce these operations are ouried out ﬁ-equmtly in 1solo.ted piaces and at
different locations at various “imes, they do not lend themselves almys to general
oontrol measures, Therefore, supplied air respirators perform a definite service,”
The types in general use are thosze asoamonly known as hose masks, air-line rcsyintors,
and abrasive dlasting respirators such #3 sand blast rasks, helnm and hoods,

Supplied-air respirntors have the folloring advantages for routine non-emer-
gency use over those of the air-purifying respirators such as gas masks, mechanical-
filter respirators and the combination of cas mask with a mechanical ﬂlten

- 1, NO resistanoe to inhalation.
2, Freedar from inward leakage of comtaminated air, ..

= 3. Protection against ali kinds of contaminarits and even ngainst ate
mospheres deficient ia oxygen whi.ch will not poison or 1rr1to.te
the skin.,
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. 4. The Inflowing air reduces oxcessive perspiration and tends
. to cool the face. _
| J 5. Yhen a hand-operated blower 1s used a second person 1z always

present. (With an approved mask, provided the facepiece is
tight, the wearer oan inhale enough air through the hose to es-
eape ir t'he blower should stop).

o The é_i;g-Line Respirator consists of a tight-fitting fa.cepieoo, 8 loosely fit-
ting facepiece or even a holmet or hood covering the head and extending down over the
neck or shoulders. The air rsupplied to these respirators has been largely that ob-
tained from the campressed alr source used in. the performance of the work, as in
sand blasting, pneunatic drilling and spray painting, This air is frequently ocon~
taminated with cbjectionable and, in some instances, harmful substances which, to scme
extont, can be removed by means of air-purifying appurtenances. In discussing "Res-
piratory Proteotive Devices" in the February (1937) issue of the Journal of Indus-

- trial Hygieno l.nd Toxioolog, Mr. C. E. Brown of the United States Burcau of Mines

wrotes

: "Using air from the ordinary compressed air system found in industry
to supply respirators is not to be indiscrimimtely recammended. These
compressed air systems are usuilly of the high préssure,” internally lu~ - ~
bricated, reciprocating-cempressor type. The air supplied by tholo ’
systems is ocontaminated frequently with malodorous constituents mch
as vapors, mists and products of deoamposition of the ocmp_reuor' 1u-
brioant, slugs of water,~and rust from the pipe line. All or most of
these contaminants oan be removed probably by some of the ocmmerocial
air purifiers sold for this purpose, A pressure-reducing meohaniem
! . . should be used alsc in the line to prevent any possibility of sudden
. acoidental blasts of high-pressure air from injuring the lungs of the
: wearer of the respirator. With a oompressor of this type there is always
the possibility, however rare it may be in well-kept systems, of the
generation of oarbon monoxide due to overheating of the oompressor lu-
brioant . (Jour, Indust. Eyg. 18,461 (1936)). This danger can be minimized or
eliminated by the use of temperature controls or oarbon monoxide alarnms
on the compressor whioh, of oourse, should be so maintained as to pre-
.vent the generation of oarbon monoxide.

®& "The trend in supplied-air respirators is.to use special low-pressure,

externally lubricated, positive-pressure ailr-supply devices, Most af
the objections to the high-preéssure reoiprooating-type cocmpressor-do

- not apply to an air-supply of this kind, Sinoe these devices are not
.oommon in industry, however. it is usually necessary to purchase a
special one for use with the respirator.  Since air purifiers, prese
sure-reduocing mechaniznms, and special compressor-control or alarm me-
chanisms are not necessary, the price of this respirator oamplete with
air-supply device should not exceed that of the other type of respira-

- tor without the air supnly system, .

"The use of & special a.ir-c&nditioﬁing wit to regulate the tempera-
ture and humidity of the air supplied to the respirator wearer 1: do=
sirable, " . .

The minimm air supply for a respirator designed-to use an-the air for res-

) Piratory needs at a high degree of efficiency is gensrally agreed ammmg Industrial
Hygienists to be at least four to six times the air breathed per minute. As s -

general class, respirators vith loose-fitting facepieces, hoods,”or helmets reguire
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- pore #4r than those with tight fitting facepleces.
(3

_ There 1s siae differendd of opinicn smong users of respirators as to whether.
. or not adjustments ahould e provided whersby the woarer oan vary the flow of air to
J pest variations in his requirements. It vas the opinien of the National Silicosis -
Conference Cammittes that definite reccmendations for all sitwstions oannot de
zade, but for many situations, and particularly where tight~-fitting facepiecos are
uged, an adjustadle flow i3 desirable and may even be pecessary; also, most workmen
can loarn to adjust the air properly, On the other hand fixed-flow proosdures re-
quire a mininum amount of instruction and supervisica and are the most oondusive to

, ' safety under all conditions.

b While Hoso Masks and Air-Lize Respirators have many definite advantages' the

ares of travel of the wearer i3 limited to the length of the hose, and movements are

! ' handicapped to some extent by the hoss, HManifestly, the air for the hose and the

l mask should be fresh and pure, but unfortunately this is not almys so.

Abrasive Blasting Respirator = Abrasive bdlasting respirators omsist essen-
. +1a1ly of a hood, with windows, that fits loosely over the head and shoulders and |
' designed to withstand and protest the wearer!s head, neck and shoulders from abre~
. siom by the rebounding of particles of sand or grit; and a supply of fresh aily, at
east 3ix oudbio fest per minute, Dlown into the hood, Only equipment whioh lms ast
* the United States Pureau of Mines test requirements and shioh is approved by the

.o Medical and Safety Departments should de used,

(o) Acosptance and Use of Persoma] Respiratory Protestion by Workmen - As stated
in u paper by G M, Kints and B C, Fowler of the United States Buresu of Mines
(1,C. 6915 Ko.v1938) prssented at the Internatioml Petrolewn Expositicn axd Congress,
Tulss, Cklahoma, Hay 21 1938, selecting respirstory protective equipment ia simple
cazpared with getting men to wea¥ it after it is supplied. Geuerelly workmen will _ _
wear masks readily in places where they have seen others asphyxisted, or in scme .
sinflar troudle, but they are likely to resist wearing protestive egquipment whers
the dust carnot be seen or where the fimes and mist have no odbjeotiopable eodor.

There are three main reasons for sush resistanses

-~ First, inbred objsotion to any new idea; : .
: {

} ‘ Second, the feeling that the individusl is a superman and
- » oan "take it” without proteotica; and,

Iiard, the ivocnvenience of wearing the equiment,

Ia a survey ecndusted ameng the employses of the Colgate-Palmolive-Peot Come
paxy by Nre 7, E, Walluer of that Compeny!s Insurance Departnent, it wag found that - - ...
the men didn't 1ike the disfiguring appearance of a "muzzls” cover their faoces, This
survey also disolosed that scnme workers objected to the respirater beoause they
thought it madse breathing 4ifficult when the real trouble was that they were not
bresthing correstly. Preathing through a respirator should be done deeply snd alow
1y and after the proper hadit has deen soquired much disocmfort may be eliminated,
Quoting Mr, Wallners : .

~ . _ . . .
"~ “Foremen should appreciate that the position of the straps that
s 1 hold the respirator in place has muoh to do with oomfort, ZThoy should *
learn whother the straps should be worn.over the head ce srousxd the -
nsck. Scme types have two straps, one to be worn arcound the neck, the ™

_other arcund the head,* ..
Probabdly the most effective plan in getting respirators worn is first to"sel®

001506 18-0000087

fﬁfki'Q 262 . : e
: | - JAM 014754




[P . -. . ‘ . «80=

. »
."3 . " the supervising personnel who in turn should "se]1" the worker by eduoaticn, possibly
s8 accompanied by striot and fair Supervision and discipline, Employses oxposed to dust
L s bazards requiring the wearing of respirators should be ocurinoed that it is essential
to sacrifioe some oomfort and dignity to avoid serious cases of disability and suffer-
) ing. Every worker should have his omn respirator. It requires time and effort to
Pt adjust this protective device 30 it contacts the face smigly with a mininum of hoad-
S band tension. It cannot be expectsd that thie average workman will readjust a dif=
. ferent respirator each day, Also, the psychologiosl offect of using a respirator
worn previously by another workman i3 not wnimportant. - Although he may not say any=-
thing about it, it is naturally revolting to most men's prinoiples of bodily sani-
tation to have to olamp over his face a devioe that has been soaked with sweat and
irt of apother man's face and into which one or more men have bdreathed day after
yJ It 1s too much like uaing the other fellow!s tooth brush, The best practice is
4o mark every respirator so each worloman can identify his own,

(4) TUse, Maintenance and Care of Respirators - Persooal respiratory protective de—
vices must be maintained in a condition substantially the same as when received from
the magufsoturer,, Depending an the density of the dust replaceable filters should
be changed frequently to prevent their beccming ologged and usually it is desirsble
to use a respirator without a facelet. However, if they are oonsidered nesessary, .
the facelets should de ohanged often to avoid akin irritation, A olesn facelt gives

_ the respirator a olean appearsnos and removes one¢ objection to weering it, -

The Colgate~Palmolive-Peet Coupamy found that the hadit of some workers of
removing their respirators at intervals caused skin irritation, Er they did
this,.dust settled on the surfaces that lay next to the workerfs faoe and Arritating
partieles were transferred te the skin when the devico was replaced, It 4s, theres

fore, beat to have the employee wear his respirator constantly while under expoaurs,
T L In seme oases, olutments or petrolewm jelly has helped to-overowme the irritating efe

feot of polnts that eontast the sXin.

Hhore & considerable pumber of reapirators are used, it is good practics to
have & "Respirator Rocm” with an attendant who issues the respirstors and cleans,’
. sterilizes and ctherwise keeps them in good condition, Respiratori may be oleanhed
- by washing and brushing them with sn antigeptic soap and wmamm water. = They should be
checked for damaged or improperly fumstioning parts suwoh ss rudbber wvalve seats and
headwdands,  If defeotive, these should be replased by new partas,

- WHAT MEDICAL CONTROL SROULD BE EXERCISED IN IHE SELECTION AND SUPERVISION OF
7 MEN YORKING ON DUSTY JOBST = It is sssential that adequate medioal ocatrol be ex
- » ercised, Such oontrol should inolude the sxaminaticn, prior to initial working em
: dusty Jobs of the worker to insurs that he 1s a suitadle physiocal sudject. ZThis ex-

anmimtion should preferably inolude Xeray exanination of the lungs whigh permits
closer oontrel with subsequent X-ray tests as well ss being a protestion to the em-

Ploysr in the event of any later legal soticn. .

A worker, to be .classed a3 physioally sultadle, should be in addition, de=
tormined to be a nose-dreather rather than a mouth-bdreather and the nmatural filterw
ing oapacity of the hose should be foumd to be satisfastory., G, Lehwamn (J, Ind, Byg.
17,87 ~ 1935) indicates that the "Silicotio susceptidility of werkers with poor na~

ap 381 $Atration 48 much greater than that of men with good zasal filters”, He ad-
vises that Jobs with a sidioosis hazard be held ozly by men with good masal filters®

and that mouth breathers are an especislly bad risk. He suggests that the "dust re
taining oapacity of the nose be used as an index of the individumalts qualification
for working in a silioosss producing atmosphere™, It is possible that Sternsteints
tecknique for measuring nasal resistazce ("Industrial Dusts = p88) oould be develope
od ikto & simple prooedure for selecting men best adapted to dust . :

Aceording to lkigl_:cr and Hatch ("Induatrﬁl Dust® p.32) 3t is wise to eelect
| ~ B 001507
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‘which a minimum sixemonth perdod
wore olosely.

-

for dusty

Jobs mon who are past the age of 40 and not yomg men just taking up a
R v .

A1l workers engaged in harmful dusty operations should be periodically thore’
oughly re-exanined, inoluding X-ray tests, Partioular emphasis should be placed on
any indication of shortness of breath and chest pains . :

Regulatfons should be enforced concerning the time limitation of work of axy
employees involyed in a dust producing operation. Such Company regulations oconcern~

ing sandblasting cslling for a fixed six-month maximus period on swh wark, sfter
away from dust producing woerk should be followed

For protecticn from a legal angle, the worker should be given & final thor-
ough examination including X-ray befors being pormanently transferred to saue other
type of work, laid off or discharged, : ’

CONCLUSION

There is still a tremendous amount to be learned about meumoconicsis and
dusteproduoing operations,  One thing, however, 1s ocertain -there 15 a very definite.
tendency to require compensation for industrial or cooupational diseases, 1If thess
coppensation costs ars to be kept to a minimum and the health and safoty of workman
are to be promoted it will be necessary to make further studies and to promptly
adopt adequate preoautionary measursz, lany of thess are now in effect, the others .
should be put in force as soon as possible, After years of study and direot contest
with the Dust Problem, lr. Dan Barrington, Chief, Health and Safety Branoh, United
States Bureau of Mines, has cane to this consiusion (Eng. & Min, Jour. March 1937
PP 119=-21) with which we are heartily in accord - -

;. "In the maze of uncertainties conneoted with almost all phasss of - T
the gausation and disgnosis of dust disease, about the only re
well-dotermined fact available is that breathing large quantities of
dust (or possibly of certain dust) over sxtended periods is likely
wnder some conditicns to be harmful to health and that subseguent al.
leriation or oure is diffioult or impossidle, Therefore, it would
asen to be logical to try to prevent duwst formaticn thus preveating- -
it frem harming workers through respiration or otherwise. XHeore is a
real Job for the engineer, and 1ittle or no help can be expeoted in
these vital funotions from any agency sxoept the engineers and operat
ing officials. ;

\

"The ao;t harmful of the ordinary dusts to breath is prodably _~__

siliea duat, dut, on the other hand, not even free silica, supposed-
1y the most detrinmental of the silica dusts, is harnful unless it ia
breathed, in ocnsidersble quantities sand over extended periocds. No
human Deing erer lived any corsideradle time on this sarth of ours
without breathing silicn dust (free silica dust), yst by no means all
of the people of the world Bave or have had silicozis. In other words,

" the quantity of dust taken inte the respirstory organs iz a controll.
ing faotor in dust respiratory harmfulness. : ’

. "One comon-gense answer is that any atmosphers in which dust is -
visible to the naked eye 1is certainly too dusty to be tPeathed with -
safety by hiuman beings, and the wise, farsighted, human smploysr will™

. irmediately atart to decrease the dust content in any atmosphere where
dust is visidle, After he has elininated visidls dust, there mey - ) ~e
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atill remain enough very small invisidble dust Yo cause harm to the
health of thiose who breath it, but in any event i1f he has exerted suf.
fioient well-direoted effort to remove the visible dust it 1s ocertain
/ .. that much of the smaller invisible, and probably most harmful dust hu .t

also bean removed,

"Hnnirestly. 1f dust is kept out of the air breathed by workers,
the latter camnnot sucoumd to dust disease of a respiratory character.”
» | : |
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