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FOREWORD

Beoause it 1s the duty of industry to protect its employees
and because no comprehensive survey of the hazards incident to ocw-
cupational dust problems had yet been made, it was felt that here
"~ “‘was an opportunity to render a serivce to the petrolewm industry
and its employees by making such a survey,

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

An attempt has been made to consolidete opinlions from the
most experienced students of occupational-dust protlems to show the

JEE_ ' relative hazards of dusts and the duration of exposure which may

ke
1 Sy S 7

prove harmful to the worker.,

- Furthermore, a study of the prevalence of dust particles oc-
% ourring in various operations in the petroleum industry has been
;< made and included in this report; also a description of the pro-
.. tective devices and equipment provided for the protection of <he

Thig report should serve as a gulde to operating executives
" and safety engineers in handling personnel and in providing adeguate
- protection in dusvy occupations, It should also resolve meny of
> the fears and questilons of industrial workers in these occupations,

The study confirms an opinion that dusty occupations, thor-

WWL\

Willard J. Derno, M.D.
General lMedical Director
Standard 0il Company (N. J.)
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( Incorporated in New Jersey )
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MEDICO - SAFETY MEMORANDUM
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?UST PRODUCING OPERATIONS IN THE PRODUCTION OF PETROLEUM PRODUCTS
S AND ASSOCIATED ACTIVITIES

}s‘b explosions. Since the dust encountered in the production of Petroleum products
ssoc;ated operations are non-explosive under ordinary working conditiors, no

a
Fiﬁ.er attention will be devoted to this phase of the dust hazard.

PP =
}’.‘;: Studies have revealed that the time element (exposure) and the concentration
"size of the dust particles are ma.jor factors in producing health hazards, Here~
dofore difficulty has been encountered in determining actual dust concentraticas and
sizes of the particles, but recently developed instruments such as the Zeiss Koni-
Tleter and the Bausch & Lomb Dust Counter meke it possible to obtain dust counts and
gstima.te size of dust particles which, while not absolutely accurate, are indicative

-of' the dustiness of the area,

-

BB bt The data presented in this memorandum are based upon material ta.ken from the

;vailable literature on the subject, upon field investigations and conferences with
geochnical specislists and upon 1008 actual dust counts made with a Zeiss Konimeter,
i_ng 2 20 to 30 micron (& micron is about 1/25,000 of an inch) porcelain filter,

'1?— In the report of the Preventive Engineering Connnittee of the Air Hygiene
oundation, Professor Philip Drinker of Harvard, cha.irna.n, and other technical

specialists on the Committee write:

}éf "If the brea.thing of dust causes disability of any sort - silicosis is
‘¥. only one manifestation - then it follows that there must be some degree of air
FZ cleanliness fram which no disability will result to the average man during +he

%< average working period.

J_ "There is no satisfactory medical answer at present to this question, but
.. the engineer is meking a bad mistake if he lets men breathe heavy dust coucen-
.~ trations of any material. If no other reason for dust control can be found,
j\ then one should read transcripts of some of the recent suits at common law in
. which fantastic damages for alleged silicosis were granted to men who breathed
-7 dust containing little or no silica. The Courts and Compensation boards are
-»-- not impressed with subtle distinctions between dusts with 10% and 40% gquartz,
) especia.lly when medical experts are reluctant to make definite statements as
T %o the comparative sigrnificance of such differences.

"It would be well %o realize that men working in dusty trades suffer far
more from respiratory troubles cof all k¥inds than do men who work in cleen air,
The evidence that excessive dustiness of any kind is hermful is beyond argu-

1 m—o-in

3= " INTRODUCTION - Long looked upon as objectionable, dust today is also recogniz-
ag dangerous - especially with regard to occupational disease (Pneumoconiosis) and

C Ty

. e+ 4
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PART I - DUST AS A HEALTH HAZARD

- 2. 1 . WHY IS THE DUST PROBLEM SO IMPORTANT? - Although the subject of the health
F}‘u:—-ﬁ'rkers in dusty trades has been receiving considerable attention from students of
. 'o“f'"wotrial hygiene for a number of years, the seriousness of this problem was not

- .indus realired until it was brought sharply to our attention by the constantly grow
mllzountry-wide wave of lawsults instituted in behalf of the vietims in our common

lins’ ourts, by the magnitude of the generous verdiots awarded by the juries and by a
"1“'“3:3; dec;.sion of the Federal Circuit Court reversing the substantial award of a
T in 8 New Jersey oase (Pemnsylvania Pulverizing Campeny vs. Eldred G. Butler),

Owing to these developments, the problem cannot be ignored or brushed aside as merely
,:nothér form of "racketeering" by unscrupulous lawyers and conspiring doctors., Dodging
“the issue cannot provide the needed solution because even the most wmscrupulous
]‘1;,,}92-3 cannot create a pathologic lung at will and, furthermore, even the most skep-
| 410 of coromers frequently finds himself corroborating a diagnosis by his postmortem
’em_;ination. Enlightened industrialists and the medical profession as well as the
"'l pench and bar, have came to the realization that exposure to certain kinds of dust,
}. such as those containing considerable amounts of quartz (silica), has increased the
uphealthy bodily condifion and death rate from respiratory diseases; while metalllc

4 dusts, such as lead and its campounds, have been associated with general sys<emic
] poisoning of workers, "Silicosis" is now a definitely recognized disease which is
4 Jestined to become one of the foremost and most serious of occcupational diseases of

-the .future because the number of workers in dusty trades is larger than almost any

g other group exposed to a single kmecwn industrial hazard. The MeCaffrey Act, which

7] beceme effective September 1, 1935, amending the New York Compensation Law, included

gilicosis as an occupational disease subject to compensation.

-850 Sixteen states, as well as those of the Federal Government and of Haweii,
‘Puerto Rico, and the Philippine Islands (U,S.Dept. of Labor Bull, No, 5§25,Bur.labor Sta=
tistics), have Workmen's Compensation Actswhich include compensation for occupational

1”diseases, either expressly or by judicial interpretation, or specific occupational

4 disease acts.

S IT - WHAT I3 MEANT BY "DUST"? - According to Webster's Unabridged Dictionary,
] "Dust™ may be defined as fine, dry particles of earth or other matter so cominuted
that they mey be reised and wafted by the wind; that which is crumbled to minute
. portionsy fine powder, As pointed out by Philip Drinker in a paper read before the
-] Chemical Seetion of the Natiopal Safety Congress (held in Atlamtic City, October,
*1°1936), dusts include all types of dry earthy particles small enough to be blown about
. by ordipary air currents. Dust suspensions may be generated as the result of grind-
1 ing blasting, or comminuting process; or they may result from the handling of fine-
J ly divided materials as in mixing .processes, in sweeping, or the blowing about of
~wood flour, plant pollens, or common road dust. There is no chemical limitation im~
plied by the term "dust" whils the range in size of dust particles extends from the
{ sub-microscopic to small sand grains. IMr. D. Harrington, Chief Health and Safety
Branch, T, S.Bureau of Mines advises that dust as applied to health and respiratory
~ conditions may be wet as well as dry. Under scme conditions, such for example as in
wet drilling in mines, the escaping air from the drill hole may (in fact generelly
4 does) contain a certain amount of entrapped solid material wnich undoubtedly is wet
rather than dry, yet it remains in the air sufficiently long in some instances at -
least to be breathed by the workers to contribute to possible health troubls, The
size of dust of importance from a hygienic standpoint are those under ten microns,
In fact, the sizes found in industrial atmospheres are under two microms for the
larger majority of particles, say 90 to S5 per cent, TFhysiologlcally, thers are al-
most as many different classifications of dust as there are authors on the subject,
However, according to Professor Drinker ("Dust, Fumes and Smoke". Intermatioral La-
Dor Cffice, Occupation and Health Vol,1, 930, P,603) all of these classifications
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"3 _ithout much practical importance, since indaily practice in industry the harmful
858 wt 33 exercised more frequently by dusts mostly of mixed origin. Besides, what is
‘°ff:cmportm\, is the physical and chemical constitution of the dusts and consequent-
;;stheir action on the system.

ra'?f"III - WEAT ARE THE PHYSIOLOGICAL EFFECTS PRODUCED BY THE INHALATICN OF DUST? - To
3 b narmful from a respiratory viewpolnt, dust must be of sufficient finess to pess
1thI'0uSh the nesal filters and be retained in the alveoli (minute air sacs) of the

: Particles found in autopsied lungs are of the order of one micron (a micron

i54s 1/1000 of a millimeter or about 1/25 000 of an inch) or less in size - about the
Fgize of the common bacteria, Some dust particles found in lungs are as large as

"'&"ﬁve or six microns although these sizes are rather exceptional.

%ﬁt There are five distinct types of reactionm produced in man as the result of inhal-
% ing dust, These reactions may be broadly classified, based on the primarycause, as
":;follows:

352

520,
Becsr-. (a) Those which result in lung fibrosis, commonly referred to as TROU~
%&-t—- o Y

' moconiogis, These dusts contain free silica, mgbestos, etc, How=
gver, 1f 1s not necessary for fibrous tissue to be formed in order
for the disease to be classed as "Pneumoconiosis",

TOXT N

(b) Those which are toxlc and are absorbed into the blood stream such
as lead, cadmium, eto,

(o) Those which result in what is commonly referred to as metal fume
fever; such as zine oxide, etec,

(2) Those which are allergic in character, such orgenic dusts as pollen,
pulverized wood and flour, etc, The breathing of pulverized wood
and flour is frequently associated with tuberculosis,

e (e) Those cammonly referred to as "nuisance dusts®. These may cause irw
.o ritation of the respiratory tract or passages and may cause con-
T siderable discamfort, alsoc headaches of the dry “"nasal" passage or
S sinus type and exposure to them may be associated with a high ine
: cidence of respiratory illness.

'I'ha rate and extent of these reactions are dependent upon the resistance of the indi-
vidual, *the exposure period (concentration of particles and length of exposure) tem-
. perature and humidity of the air, rate of work, and the percentage of ingredients
whioh are harmful, :

Owing to the lengbth of time required to obtain a reaction by inhalation methe
ods, the United States Burea.u of Mines and the Public Health Service adopted aboub
tmelve years ago, a method of injecting small quantities of the dusts tobe studied
into the peritoneal cavity of guinea pigs, ("Response of Peritoneal Tissue of Dusts
troduced a5 Foreign Bodies" by Dr. John W, Miller, Dr. R.R.Sayers and Wm. P, Yant,
Jour, Amer, Med, Assoc, Sept. 22,1934 - Vol,103,pps. 907-911), It was found that idenw
tical reactions occur in each animal injected with the same dust under the same cone
ditions and examined in the same time intervel after injection. These rsactions were
essentially the same mioroscopically as that produced in the lungs and the gross ap-
Pearance of the dust nodules was sufficiently differentiated to afford a means of
clessifying the physiological response tothe dusts. There are three +ypes of reaction:

An absorption or dissolution of the dust,
A proliferative reaction,

An inert reaction.
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; ar‘b reaction, the dust nelther caused an increase in the size of the nodules
‘—n_h?-hain eared from the tissues; instead there was more or less a change in its dis-
bﬁ;iﬁ? Soapstone, carborundum (Silicon Carbide), jeweler's rouge (Ferric Oxide),
yyiasite coal, bituminous coal and certain filter clays have inert reactions, Cal-
T ¥ 1imestone, precipitated calcium carbonate, gypsum, and Portland Cement exhibit-

:i‘bo,éiabsoré«tion reaction. Quartz, chat, certain filter clays and flint produced a

B g
E an
34 perative reaction.

%"’The physiological response to the injected dusts were fournd sufficiently well

';rk'od‘fin 90 days to determine the type of reaction, particularly where the reaction
a5 one of absorption or proliferation. Since the reaction elicited by dust was

onrtan‘t and uniform in all of the animals injected with the dust, it is believed
G"'{;fthis response of peritoneal tissue to various dusts can be used as a test to de-
?’g s the possidle harmfulness of industrial dusts.
YRR |
£ ;‘-,:Zrhe fibrosis-producing properties of a Georgla filter clay (30-60 mesh grade)
sample of American contact clay and a German contact clay were tested by the Intra-
pe;'{-itoneal Method, under the direction of Dr. R. R. Sayers, Medical Officer in
Charge, U.S. Public Health Service, The Georgia filter clay showed an inert reaction
xith a slight tendency towards a proliferation in the 90-day test. The Americancon-
Agact clay showed en inert reaction with evidence of same slight absorption or dis-
gﬁéérance of some part of dust in the 180-day tests. The German contact clay caused
ZAthe formation of light yellowish-brown nodules and as the interval between ths in-
gje'ction and the examination increased the nodulss became somewhat flattened, but the
amount of dust and the approximate size of the nodule remained the same throughout
.,the emtire period (90=days) of the test., This can be considered an inert resction;
blrbsé.s the dust does not disappesr from the peritoneum it should be considered as po-

-4 tentially harmful though not as dangerous as pure silica.

b

¥ <7 .".  In commenting on the results of the-tests with the Georgia filter clay and the
.4 American contact clay, Doctor Sayers advised that the results of the test indicated
that the filter clay is more harmful than the American contact clay because the dust
remains inert in the tissues as this was the largest portion of the dust and the in-
ert appeararce of the lesions was the most prominent. The modification of the reacw
tion in the filter clay can be attributed to the presence of 5-10 per cent. quart:z
(Petrographic), Gypsum in the American contact clay may account for the slight ab-
serptive reaction. Doctor Sayers advises that an inert dust, if dbreathed iz suffi-
‘cient concdntration, may be harmful. These tests were made in accordance with the
procedure descridbed in Reprint #1608, Public Health Reports, Vol. 49, No.3, Jenuary
19, 1934, pps. 80-889,

J : The inhalation of dust gives rise to "Pneumoconiosis" a term derived from the
Greek pneumon, lumgs and konis, dust, and used to designate a pathological condition
] of the lungs caused by the inheslation of any dust., It includes SILICCSIS, =x chronio
disease of the lumgs caused by the inhalation of minute particles of free siliesa
(8102) dust which produces a permanent incapacitating alteration of the lumg kissue;
j ANTHRACOSIS, the. black lung of the miner due to coal dust; ANTHRACC-SILICCSIS, the
newest of our mineral dust affections and introduced by the United States Public
Health Service as a result of their studies in the Anthracite District of Pennsyle.
vania., This affection is the result of breathing anmthracite coal dust tha® contairs
l silica, The common name for the affection is "Miners' Asthma"™; CHALICCSIS, <the
gray=-black lung of the stone-cutter due to stone dust; ASBESTCSIS, in asbestos
workers due to asbestos dust; SIDEROSIS, due to breathing dusts of iron ore (The
lungs are yellow or red from metallic oxides generally of iromn, ); 3YSSINCSIS, due to
cotton particles and vegetable fidre dust, and PNEUMONOULTRANICRCSCOPICSILITOVOL-
CANCKONIOCSIS, a special form of silicosis caused by ultra-microscopic particles cf
siliceous volcarnic dus+t. Silicosis, Asbestosis, and Silico-Anthracosis ars the only

Fommdasds whiah regquire practicel atiention

.

~
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while the type of pulmonary lesion depends on the particular dust inhaled, the
pathological principle is the same in all forms of the disease, namely, an
vrosis and replacement of the elastic lumng tissue by a hard unyielding fi-

wnderlying

4 ous tissue. All occupations that expose men to large amounts of dust may give rise
;7@::opn°umoconiOSis but not necessarily to silicosis. It is now generally agreed that

L. =7 order to produce the latter, -(silicosis) inhaled silica dust must reach the lungs
. “ﬁiin.a chemically uncombined condition, in very fine particles not more then ten mi-
}.fgiibns (10/25,000 inch) in diemeter and in sufficient amount and over a sufficiently

| period of time. In relatively recent literature it appears that the proponents
'%éof the idea that only "free silica" is harmful are beginning to have some doubts and

Fio have the thought that possibly some silicates may under some conditions be harm-
“w.E?ﬁﬂ . Generally speaking, the necessary length of exposure to produce silicosis is in

ig%direct proportion to the size of the dust particles and inverse proportion to the
"% gust concentration and the amount of free silica in the dust, Silicosis is char-

- ®,oterized anatomically by a generalized fibrosis of the lungs and clinically by short-

] zéhess of breath, decreased chest expansion and a progressively lessened capacity for
2 4ork which is out of proportion to the objective physical findings. The effect of ex~

T pogure to dust such as silica is cumulative, the rapidity of development of the dis~

7 eage depending upon the time and amount of inhalation. Silicosis may develop to the

j?Point of causing symbtoms only after several years exposure to silicious dust, but it

* may be progressive in some cases even after exposure has ceased and may ceuse Symp-

. 4oms or become disabling long after the workman has left the environment that caused

7 the condition. Some may improve or at least remain statiomary in the absence of in-

" fection. Watkins-Pitchford (J.Ind.Hyg.9,109 - 1927) tells of Welsh miners who passed

=t~ the physical examination for enlistment in the British Army, fought through the World

gJ 7 War, then came back to England, and died of silicosis. Unfortumately, it is not

=1 : gtated whether these persons died from silicosis complicated with tuberculosis. Brit-

ton and Head (J.Am, Med.Assoc, 36, 1928 - 1931) give more detailed descriptions of

= gimilar latent cases in the United States. '

—
e

NSO B

"A ohronic disease due to the breathing of air containing silica

(5102), characterized anatomically by gemeralized fibrotic changes

and miliary nodules in both lungs, and clinically by shortness of

breath, decreased chest expansion, lessened capacity for work, ab-

sence of fever, increased suscoptibility to tuberculosis (some of . ¥
all of which may be presext), and by characteristic roentgenolo-

gical findings."

6 1 b

In other words, silicosis 1s a disease of the lungs in which the normal lumg
tissue is replaced by scar tissue due to breathing air containing silica dust. Un-
fortunately there is no known cure for silicosis = but SILICOSIS and nearly all
other forms of dust diseases CAN BE PREVENTIED,

| ]

_ Recognizing the wide interest and even hysteria among apprehensive smployers
against whom claims had been filed by alarmed workers, and the necessity of thought-
ful consideration of the silicosis problem, the Secretary of Labor or April 14, 1936
called the First National Silicosis Conference attended by more than 300 persons
representing workers, employers, State and Federal Agencies, Insurance caonpanies, and
other interested groups. Four Cammittees were organized to study specific phases of
the silicosis protlem; and assemble the essential facts about silicosis in e series
of reports; also to present specific suggestions for silicosis prevention and
straighten out other difficulties that silicosis has created. Reports made by these
Committees were formally adopted at a second conference held Felruery Znd end 3rd

! 1937 in Washington, from which we guote:
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'lQ;While s few persons may still be of the opinion that such workers" -

'n.E’:(Workers having silicosis) "are tthrough' and docmed to an early death, every
¥ - gtudy conducted thus far confirms the fact that the great majority of these
-fﬁimen will not necessarily progress fram bad to worse. Perheps it may be wise
% +o transfer some workers to other employment, but many may be continued at

¥

'zfiatheir regular occupations 1° known methods are applied to control the dust
SRS nd if special care is employed to prevent the development of tuberculosis,
F o pneumonia and other lung complications".
I
At1;;"Contrary to popular belief, silicosis is slow to develop., Usually it tekes
¥y goven years or more of exposure to silica dust for a worker to corntract the
: :5{;3??%%—‘7371§'Said that a few cases have been known to develop in _as_short
4 ;'a, eriod as l-l/émy§5£§, but these were under extreme and wusual conditions,
“P28n Gn the other hand, many workers have labored under ordinary exposures to
|5 - gilica for more than 30 years without demonstrating any trouble whatever that
Zp= could be diagnosed as silicosis".
T ' L
“§gsx . For the convenient diagnosis of silicosis or of silicosis complicated by tu-
L;g:rculosis, the pulmonary changes are classified in three stages by Drinker & Hatch
e ("Industrial Dust" - 1936). 1In the first stage, the disease produces no diability,
.y The victim can work just as well as ever., In the second stage, his respiration is
- ‘affected; he is bothered by dyspnea or labored breathing, In the third stage dys-
4" pnea becomes severe and he 1s likely to contract pulmonary tuberculosis, generally
__yith fatal results. Whether he contracts tuberculosis or not, the advanced sili-
"cotic is far below normal and is very susceptible to all gespiratory diseases.,
% S
;ﬁg:a- These three stages of silicosis can be distinguished by X-ray. Acomparison
;fo the X~-ray plates of & silicotic with those of a normal person of like age and
7 physique shows, in the first stage, distinctive shadows, evenly distributed in both
lungs. These may be missed or misinterpreted by any but an expert; but the changes
.. ip the second and third stages are obvious even to a layman. It is, of course, es-
J‘sential that the X-ray plates be properly made. Dr. Pancost and Dr., Pendergrass of
the University of Pennsylvania have given extensive study to the influence of X~ray
technique on the diagnosis of silicosis. Pendergrass is of the opinion that shadows
1 and appearances of fibrosis can be actually produced by the technigque employed.
Under other conditions, exlisting fibrosis can be entirely missed by use of improper
technique,

43

v Silicates as a class are by no means harmless. It was pointed out by Dr. R.
J R. Sayers (E.S. Public Health Bulletin 221) that Miners' Consurption was rather com-
mor in the Broken Hill district of Australia where the rock conmtains considerable
sillimanite (Als SiOg), fibrous silicate, and a rather low percentage of quartz
(12.23%)., The studies of Badham (Rept.Dir.Gen. Pub, Health, New South Wales) gzive con-
siderable support to W. R. Jones! (J.Hyg.15,307-;g§§) contention that silicates,
.4 particularly the fibrous varieties, may well be the cause of pulmonary disability,
Badham in 1927 coined the word SILICATOSIS to cover disability from the inhalation
' of silicates, Other silicates such as Talc (Hz Mg (Si03))4; Shale; Xaolin (54 Aln
Si2 Og); Feldspar; Cryolite, (Na3z AlFg ); and pure Mica give much less specific changes
| than quartz, A moderate fibrosis may appear after exposure to numerous materials
J but this fibrosis is usually not disabling. According to Dr. Lanza, "Silicatosis”
is not a recognized term in this country and disability from the inhalation of sili-
! cates has not been proven. '

Dr., Cary P, McCord (Ind.Med.July 1933, pps.4-12) states that all silicates
taken into the lungs, of particle size capable of passing the cellular membrenes, ere
! likely +to induce some fibrosis in excess of normal but the progress of such silica-
+ tosis is not nearly so rapid as for silicosis. Tuberculosis rates are high in sili-
cate usizg industries, Antecedent tuberculosis, quiescent, may f{lare up as a resul:
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';;ponn'o to silicate dust. . ‘&

¥ sbestosis - According to authorities ci‘bedi,‘f:yz‘ip_'ij"in]'c‘er ‘% Hateh in their book

"';31::-1:.1 Dusts™, the pathology produced by asbes‘bog‘;.;i_s' not like that of silicosis.

U, Gardner of Saranac Lake is of the opinion that the asbestos fibers group

L4 the neck of an alveolus and shut it off, causing’what is known as "Atelectasis”.
> e 1s no definite migration or transportation of the dust particles to the lymph

- .‘-“;s'md no fivrous nodules. As the atelectatic wreas increase the reduction in
E& area oauses serious dyspnea or laborered breathing, Dr. A, J. Llanza (U.S.Health

503 1 - 1935) suggests that the enlarged hedrta'noted freguently in his

- \s08 of second stage Asbestosis may be due to the increased load on the heart. It
L,," more work to pump dlood through the fibrosed than.through the normel lumg, Re-
‘nt ’pathologica.l studies from human lungs from oasve's}of‘ asbestosis have indicated a
. pruse type of interstitial fibrosis with a certain amount of emphysema.

eptéo ]

]’F;{r - WEAT IS THE MAXIMUM PERMISSABLL DUST CONCENTRATION? - There appears to be a
ié, variation in the maximum concentration of dust which might be inhaled without
psequent injury to workmen, Some dusts (as lead) are determined by chemical

thods and the concentrations in air are recorded gravimetrically as milligrams per
4bic meter. However, tHe available information on the amount of lead dust that is

and the methods of determining lead are better and more acourate than those J%”"

or silica dust. It is rather well agreed that an intake of about 1,5 milligrams of [/
esd a day, whether this is acquired by breathing dust or by drinking water that con~
-ains lead, is the maximum allowable quantity. Others (as silica, where size is a
“Mactor in determining dangerous particles), are usually given by count, MNeither
method tells the whole story, but in both cases it may be possible to secure the in-
“sormation necessary for the purposs,

Fj':}?_, The maximum silica dust concentration considersd permissible in the air breathe
»d by & workman at any point in the normal breatining zone has not been definitely es-

- .ablished. There is consideratle difference of opinion regarding the range of par- ?
' ;ticles that are counted when using the Public Health Service technique and light v
File1d 11lumination. Bloomfield of the United States Public Health Service and Brovam (¥4’

>f the United States Bureau of lines contend that they count perticles fram one mi-, ° 75 ¢

ron and upward, or even 0,7 micron and upward, ' The Industrial Camission of Wis- 7") ¥
onsin and its Advisory Cammittee, ccmposed of both employers and scientists, howe

ever, agreed in 1932 on a tentative figurs of 15 million countable particles under 4 (\5"

“{foot of air as determined by United States Public Health Service teckmique, Varia- L%
gkions in fréd silica content will make proportional inverse changes in this standard, ,‘-‘3

In the case of practically pure silioca, the permissidble dust count should probably éx
*mever exceed 5,000,000 countable particles. By countable particles is meant those ! i
jparticles between 0.5 to 10 microns in the longest dimension. Particles of this ¢

size are the ones +that are believed to cause the greatest damage and form no visible

cloud, Dust particles smaller than 0.5 microns in the longest dimension are not
]ordin&rily ocountables, Dust particles larger than 10 microns in longest dimensiom do

nct ordinarily reach parts of the lung whers they can produce injury of a reapirs-

tory nature, Most industrial dusts have but few particles above two or threes mi-

crons in size, They are usually about 90 to 95 per ocent, below two or three microns

and 50 per cent., below adbout 0.5 to 0,7 microns. An exception to this would be a

dust sample taken olose to the point of gemeration of dust and before the larger
Ipu'tioles had time to settle out of the air,

jo miorons in longest dimension with free silica oontent of 35 per cent in a cubis vy

In South Africa the figure is 1 milligram per cubioc meter (or 300 particles
per cubio centimeter, or approximately 8,5 million per cubis foot,) Dr, lLanrza found
| in 1917 in the Joplin, Missouri district that with good engineering practice, a
I figure of 1 milligram per 100 liters of air could be attained. This value attribut
ed to Lanza appears too high in compaerison with the South African standards, As there
i
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4 ‘,,‘
'OOO 1iters in a oubio meter, it would indicateé‘ that Lanza's estimatiom repre-
hing of the order of 80 million particlea ‘per cubic foot. With good en-
~.aring practioce, lower concentrations than this ocan be obtained. In fact the ex-
it ce in South Africa and also the present experienoe in this country indicates
«rif;. can readily be kept below ome-tenth of this value by using ordinary good
"""ctioes- The United States Public Heal*h Service in its recent study in-the- an-
Yr‘ oite région of Pennsylvania, found that 50 million particles per cubic foct with
noent- quartz in the coarse dust and 10 million particles per cuble foot with
3‘?{); cent. quartz were apparently satisfactory and often were attained, The figure
A *3:10-20 million particles per oubic foot for gr&nita dust with 35 per cent., quart:r
omten’c is often quoted from the Vermont granite studies of the United States Publio
;,._11;11 Service. From a consideration of general experience, Cumings suggests § mil- )
1i6n particles per oubioc foot as a threshold for dusts high in quartz. This figure
pased upon a combination of South Africa, Australian and Amerioan experience but I
g‘"k, entirely any published data in its supports ]
' According to studies guoted by Philip Drinker and Theodore Hatoh in their book
%;dmtrial Dusts"™ 10 to 20 million particles per cubio foot by the impinger sampling
method, light field covfiting is a reasonabdble figure for cement and limestone, Recent
work by Dreessen oconfirms the universally accepted opinion that dusts high in calcite 1
and low in quartz do not produce disabling fibrosis, The threshold figure of O, 15
}nillism per oubic meter is given for lead dust, presuma.bly litharge and white lead,
_m._othe; solubls lcad sal‘bs. . ‘
,,g:__ It should be noted that many of tho data were not determined as the Medioal S
= roquirennent but as being attainable in good practice and apparently satisfactory x
;from a safety standpoint, It should be further noted that the accepted figures are -
only relative due to the indefinite powers of resistunce of an individual which are !
an unknown quantity, One individual might resist a proportion of 200 particles per
; cu‘bio centimeter, while another would react wmfavoradbly to 50 particles, The worke )
| er's physical conditlon prior to the exposure is of great Importance, since a young, ‘
} healthy individual usually can stand a higher cocncentration or longer exposure before
the first stage of silicoslis is developed. However, far greater influence than N
] " physiocal condition migh% be the ability of the nose and respira‘bory passages to are-
rest dust. o _
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R In their report to the National Siliooais Coni'armoo tho Camittee o Pre- EE

] venti.on of Silicosis through Medloal Control pointed out that since standards of uro )

: atmospherices dust concentration, dbased on medical findings have been establizhed for b _‘ ~}_
~only a few industrial dusts, and in view of the fact that considerable study and ine !
vaatig&tion will be required to establish standards for other industrial dusts, some
-tentative standard would be useful., It was also stated that this arbitrary standard

~ should be besed upon what is believed to be within the limits of good engineering

_ < practice provided, it will largely control the silicosis hazard for most industrial

|, exposures., They, therefors, suggest that

b "The maximum permissible concentration of silica in the air breathed might be
- expressed by the following formula, {Determination of dust concentration
~ 7 according to technique described by United States Public Health service in
Reprint No. 1520 from Public Health Reports. March 18, 1932):

S Multiply the percentage of' free silica by the total particle dust

r. - oount, If the result is under 5 million, the conditlon may be con

< sidered permissidle. If the result is over 5 million, the conditiom
may be sonsidered too high. For example,

10% free silica with an average totel dust concentration of ' L
30 million particles per cubic foot would give .10 times
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%0 million, which equals 3 million (good practisce); 30%, with
average total dust concentration of 50 million, would equal
.5 times 50, or 15 million § (\maatiaﬁo‘cory). K

2 This formula is not applicable to any dust oantaining less than X =~ -
ﬁ'°° silioa,” C
oodo" Hatch in his article "Some Fundamental Da.ta. on Mechanical Dust Traps" (Tech,

pub.N“537’A‘80 Amer. Inst, Min, & Met. Engrs., Aug., 1935) gives these

Safe Dust Conoentrations, Imp__gger Sa.mylea;

(Light Field, Low Power Co}mts.)

o

Ha.ximm Pemiasible Consentration

‘ ;

3 e‘ Xind of Dust

,--mm_ngnosniea....'..........
Containing any small amount of silica,

i‘i“’ fres occombined. ‘. e e 8 s e
Cartti.ning 20 to 40 per oent.
—Er“‘ Hee Silioa L ] . . » * L ] * . L] * » L] L ] L ] N ) }0 " n n "
. Grouter than 40 per cent,

%“. ..Free Silica , . . . .
'g‘, R. Sayers, Medical Officer in Charge, Industrial Hygiene and Sanitatiom, U.S.
110 Bea.lth Service in answer to a question as to pemiasi'ble dustiness writes:

0,

: _%?' "During recent years, it has been customary to recommend threshold
35 or permissible dust limits ranging from five to ten milliom particles per
3: oublo foot as determined by Public Health Service technique, especially
_with dust in which the percentage of free silloa . is above five per cemnt,
=g . There 13 no basis for the application of this oritericm to all dusts, but
} it is generally considered a safe praotice and ocme which can be attained
;. in most industries by exhaust ventila.tion, wetting, or other methods of

dust ocn!:rol." - _
3;“ As poiitod out by Drinkor and Batoh ("Industrhl Duat" - 1935) it is mfortu-
mtely impossible to evaluate dust exposures with the aritimetical n niocety that we
phould have liked yet it is coxmonly olaimed = by laymen - that prolongad exposure to
ow oconoentrations is Just as serious as short exposures to heavy concentrations,
m: claim is oontrary to a fundamental law of physiology. In disoussing the sub-
ect Clark and Drinker ("™Industrial Medioine" - 1935) remark that "....,a sub=thres-
1d stimulus (dust inhalation) for a long time produces no reaction whercas a rela~
ively drief super-threshold stimulus may cause a reaction", If workers are exposed
to sudden heavy ooncentratioms, the threshold wvalues suggested previocusly would be
orrespondingly lowered. However, most threshold values are weighed —- an average
by tho ranges.

. 50 millions per oubio foot

* & o e .

30 n n n "

5 " n " ]

* L] L] . . . . L] L]

(Préféﬁbly as much less az possible)

hj

l)‘

V =« HOW MAY THE CONCENTRATION AND CHARACTER OF INDUSTRIAL DUSTS BE DETERMINED?
¢ properties of a dust which determine its harmfulness have been shown to be its
camposition, concentration (the quantity suspended in the industrial atmosphers), and
its partiocle size, The methods used for the determination of the comcentration and
haracter of industrial dusts vary from a routine dust count for the purpose of
vating the efficiency of dust ocontrol methods to a detailed study of both the
soncentration and the character of the dust in connection with medical and engineer-
fae survevs,
4
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AT
" he Impinger Apparatus developed at the Un‘i,-tfe_g_'stntea Bureau of Hines‘,
5 é—;;bur&h Experiment Station by George Smith and:Leonard Greenburg, (Described in
RE%7C, ot No. 1528 from the Public Health Reports Vol,47, No.12, March 18, 1932 pp
' °Pr675) has besn employed far more than 13 years- as. a standard instrument for dust :
ri1es, In this apparatus samples of air are drawm into an impinger tube and flask :
Tere the.dust particles are thrown or impinged on a prepared wetted glass collect- :
Cyne plate. The rats of air flow is fixed at one oubio foot per minute while the : ;
ing tion of the sampling period is dependent upon the dust concentration, The alr
d_gr:” through an orifice in the bottom of the impinger tube and strikes glass col-
%i’;:ting plate whioch is sutmerged in 3 om, depth of distilled water or scme other .
B Euid with satisfactory wetting properties. (If water is used as, the fluid in the ,
i“‘mmger, silica particles are dissolved--hence not available for counting -~ unless i
5‘&,‘. 1aboratory (counting) work is done within a few howrs of taking the sample, )
}Ihi; affords the means for asocurately determining the quantity and size of the par-
Eﬁgles. The liquid is then thoroughly shaken to obtain a uniferm distribution of
Sthe particles; filtered to remove those over 40 microns in size and agaln agitated.
Fsamples of approximately 1 cc. are taken by means of a pipette and placed in Sedg- !
wick-Rafter counting q‘olls. The use of a suitable miorosoope equipped with a Whipple !
Epiorometer disc to ald in counting. will permlt the determination of the number of P
=2 particles in one quarter of the mioroscopic field.,. Froem this figure, the number of
particles of dust in 1 ow ft. oan be caloulated, Ome special advantage of this ap- 1
paratus is the fact that analysis of the sample oan be determined by counting, by
weighing or by chemical analysis, The impinger method is neither simple nor extreme-
i}j complexs however, reliable results can be obtained only by well trained, compe-

——————

]

it

b

“lW+ent and experienced investigators. However, owing to the wide use of the impinger
¥ 15" previous investigations that have been correlated with the pathological findings,
?._‘i’f impinger should be used for amy investigation which is to include pathological
I®pindings or where the results are to be introdused-as evidence in court, Some state
.EJS?“'S'odes on dust control recognize the impinger method, The United States Bureau of
¥Mines has practically completed the development of a "Midget"™ impinger which has most
w7 of the good charaoteriztics of the impinger but lacks most of its drawbacks. This
.'ninidge‘b impinger will soon be available and will greatly simplify both sampling and )
P {3 : : .
pooumting, o |

; %“' © Other devices are also availadble for sampling of dust over a contimucus period,” -
2> namely, the electric precipitator, the paper thimble, the electrostatic precipitator,
%'and the hot wire thermal precipitator. The English are working on a dust sampling
I instrument which precipitates the dust from the air by thermal means ("Physical }
4= Methods fore the Estimation of the Dust Bazards in Industry”, by E. L. Green and :
¥ 5. H Watson, Privy Coumoil, Medical Research Counsil, Special Series No. 199, His
Y Majesty's Stationery Office, London, (1935)). = The U, S, Bureau of Mines has been us-
.{L ing an electric precipitatar similar to those described by Drinker ("Alternating
«i7 Current Precipitator for Sanitary Air Analysis; I = An Inexpensive Precipitator Unit"
* by P. Drinker, Jour. Ind. Hyg., Vol. 14, 1932, p.364) for collecting samples of the
1. test suspensions used in testing mechanical filter respirators for permissibility.
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"’"“ A number of instruments are available for makirg dust determinations for cone
T trol purposes. Among these is the Konimeter which calls for but little skill in
}:'ampling. It is light, simple and quick to handle, needs no power for operation and
. Tequires only a microscope for counting the particles, The Zeiss Konimeter consists
=" of & microscope which gives a magnification of 200X, an air pump, a dust filter to
" remove very coarse dust particles, a sample disc and a micrcmeter ruled in square
. millimeters, The air pump drives a measured quantity of air against the sample disc
“"which is covered with a sticky substance (glyserine jelly). This sample forms a dust
’ spot which can be examined under the microscope for a general idea of the nature of
J__ the dust and the relative quantities present, or for an actual measure, a "dust count”,
" which shows how many dust particles are present in one cubic centimeter or in one
1 litre of the air samples examined. The Konimeter has heen used very widely in

)
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wioa (Final Report of the Miners' Phthisis Prévention Cammittee, Joharnes-
. 1919, p»10) and also in Canada, The U, S, Burea.u of Mines has also used it in
o of 1ts dust studies. In discussing the value of:the Konimeter in their recent
oo 1pdustrial Dust" (MoGraw-Hill Book Co., New York and London = 1338) Philip
k:;k,r and Theodore Hatch of the Harvard School of Publio Health write:

N

-"It is the most compact and simple s&mplin.g dmrioe. Space is
provided for thirty samples on a single diso and no awxliary
source of power iz required for its operatiém. Grad samples
X can be collected with speed and the fluctuations-in dustiness
o and the development of dust floods can be revealed in a,way

v that is impossible with mors cumberscme apparatus, South
African experience involving the collection of thousands of
samples has shown that the figure of merit given by the Koni-
meter is directly related to the amount of phthisis - produc-
ing dust in the air. It is g valuable routine sampling in-
strument but because of its low and selective efficiency, the
counts reported are probably oonsiderably below the true level
and they are:not easily compared with data obtained in
England, for example, with the Owens apparatus, or in the
United States with ‘t:he impinger,”

== Experience has shown that contrary to Drinker's statement, the Konimeter if
aperly used, will give results that sgree very well with those obtained by the use
~\s the Impinger. The U.,S., Bureau of Mines Experiment Station at Pittsburgh in making
ome comparativa studies with the Konimeter and the Impinger found that an average of
five Konimeter determinations was within about two per cent. of one impinger determi-
tion. The reason for taking an average of individial results obtained by the Konie

ster, for ccmparison with those of the Impinger, is due to the fact that the Konie
meter takes an instantaneous grad sample of small volumes and owing to the hetrogene-
pature of dust in air grab samples do not reprasent the average conditions, The
F;ingor takes a continuous sample of rather large volumes and is thereby representa-

“%ive of the average. TFor these reasons, if it is desired to oompare Konimeter re-
sulta with Impinger results it 13 necessary to take several Konimeter samples during
e courss of the Impinger sample, in order to obtain average conditions., We have no
Jorrelating information of the Konimeter with the 20 to 30 mioron porcelain i‘ilter

a.;sinrb the standard impinger method. s

actual dust counts in our various dust produsing operations, The partiole sizs and
ize classification was estimated rather than acourately measured and computed. Only
}-.rtioles ten microns or less in size were counted since it is generally agreed that
Just particles larger than ten miorons in size are not parbicularly pathogenic,

Other methods in camon use are the Owens jet dust sampler ("Jet Dust Counting
ppearatus” by J.S,Owens, Jour,Ind.Hyg.,Vol.14,1932,P,522), which has recently heen

manufactured in this country and the photographic dust counter, developed by Ficklen
Ott. The Owens jet dust counter is used in this cowuntry to collect samples for

icle size distribution determinations, It is used prineipally in Australia for

etermination of number concentration of atmospheric dust of industrial hygienic im-
portance.

The latest device for determining dust concentrations is the Bausch & Lomd
Dust Counter which was placed on the market a few months ago., This instrument con-
ists of a dark-field microscope magnifying 200X, and an impinging apparatus mounted
@ & cammon base, The base is a hollow chamber with the bottom hinged to provide
easy acoess to the dark field condenser and a circular glass specimen slide. Dy means
9f a hand pump, which is part of the impinging device, a sample of air is drawn
1

A Zolse Konimeter, using a 20 to 30 mioron’ 'pcroelain filter was used in making

-
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a moistening chamber which has at its lcme ond a narrow slit. The dust is
posi‘b"d through this slit on to the cirocular specimen slide in the form of a ribbon,
o slide can be rotated until the sample caomes into" proper position for viewing with
microacopo, or a maximum of twelve samples can be collected on the slide and then

The slides are quickly remcvable and ropla.ooa.‘ble. This dust counter is not
dellsn“l for acourate dust determination but rather as an inexpensive device for

hly checking dust conditions. It has not been a.va.ilable long enough for athorough

' E;lt in actual practice, s

" The principel obJection to imtmonta like 'the Bausch & Lamb Dust Counter and
l:bb ongna Jet dust sampler foar determining number ccnoentration is that their dust
gollecting efficiency decreases with an increase in the atmospheric dust concentra-
tion and the fact that they take grad samples,

oush

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

gn‘ of the enct sizes of partioles,

enough to gain entrance to the lungs, very little attention need be given to determina-
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PART II - DUST PRODUCING OPERATIONS STUDIED

S8 AT ARE THE PRINCIPAL DUST PRODUCING OPERATIONS? - In order to determine to
W ont i eny, workers in the production of petroleum produsts and associated
A ties are exposed to the hazard of breathing dust, a survey of all dust produc
-- orations was made at the various plants conoerned. These operations, listed
o,r of their apparent degree of dustiness, ares '

1. SAND - BLASTING -

a.

¥ihe grains of sand on the surface of the object being cleaned, sand-dlasting is
-"gle-b‘at dangerous silicosis harard encountered in our survey, Sand-blasting is

v SAlrather extensively at oll refineries for cleaning inside soaking drums, bubdle
wors,, tar separators, run-down pans and storage tanks for metal inspection and to.
,ﬁﬁ the application of gunite lining as a means of preventing corrosion, Header
== or other similar parts, tubes in cracking coll fire boxes and return bends_
E:?ﬁind—blasted to pom‘&t a detalled and thorough examination for cracks and de-
,’m; Sand-blasting is also employed in the removal of corrosion from under f{loat-
_'l:’":r oof tanks; for removing roughness or rust from steel shapes or rods; for olean-

l 'ﬁug to the large amount of finely divided silioca dust produc'"ed by the impact

v

bell caps, bubble plates, trays, and pipe prior to putting them back in service;
Ad,é-‘on the ends of tubes preparatory to placing them for rolling; and for cleaning
.gstings which are too large or fragile to withstand being tumbled, It has been
a_,,d,i to a limited extent for cleaning buildings and rendering window glass opague.
3 i The cracking ocoil tubes, pipe, bell caps, trays, header-boxes and similar ob-
_teots are usually sandblasted out-doors in the open air or in a more or less open
[neds both locations being as far removed as feasible from any shops, process units
- y¢. other working places. Coarse river sand is discharged through a cne-half tothree-
" .uarter inch nozzle with compressed air under a pressure of 30 to 90 pounds per
?'Tq‘\i'a.re inch. The men at the nozzles stand to the windward side of their work and
Jear 'a "Healthguard™ (Chicago Eye Shield Company) mask, a Sly Sand Blast Helme: or a
resh Air Hose Mask covered with a canvas hood. The men at the Sand Blast Machines
ear "Dust Safe" goggles and a M.S.A."Comfo" Respirator. The Mine Safety Appliances
capany now has a sand-blast hood that 1s meeting with sonsiderable approval by ine
‘ustry and also by the United States Navy Dspartment. A blower is available for
-upplying air to these hoods that cleans the air, This same blower can be used in
ﬂannection with air-line respirators, e ~

,g»;;f When sand-blasting is done inside of drums having more than one opening, sush
“1s_scaking drums, an alr siphon is placed in the lower manhole which draws out the
_just. and allowa a continuous circulation of fresh air through the drum, In drums

tere the siphon cannot be used, the air circulation is poor and the men work in
;‘:itta ranging from 30 minutes to an hour, depending on the size of the drum and the
ount of air circulation inside, They also wear an approved sand-blast helmet,

-

<~ These sand-blasting jobs are not continuous routine operations but are per-
ormed when necessary by men selected from the Common Labor gangs or the Mason's De-
ent, The work 1s rotated so that in most cases it ocoupies less than twenty
Jer oent, of the workerts time and there is an interval of 15 to 20 days between
jod-blasting jobs, Consequently, on the average, no one man is exposed ta more than
combined total of 400 hours during the course of a year, In discussing rotation

:f men on sand-blasting jobs. Dr. Gehrmann, Medical Director of the du Pont Company
“Totes

¥..

. "It must be borme in mind that silicosis ié 2 cumulative disease and,

therefore, the rotation of men in this type of work cammot be considered
] . S
{
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£y s ontirely preventive. Assuming that a neh works in an atmosphere of sil-
B ion dust for several months, during whichtime he is bound to absorb a cer-
¥ tain amount of the dust which produces pema.nmt damage in his lungs; he
P8 45 then removed and the possibllities are ‘that the damage which is already
Fione will be sufficient to continue  on andprogress to the point where in
1ater years he will develop symptoms, :

: "Therefore, if we take to rotating men in this type of work we are

B fa.cing the possibility of, in later years, developing a large number of
B .ases of & moderate silieosis with scme permanent disability, The only
W oo expedient which can be used 1s complete prevention and this can only
: be done by eliminating the dust." s

Du,ring our survey we found that men engaged in sand-blasting, that is handling

¥ihe nozzle or attending the sand-blast machine, were more or less properly protected

,a,_ug actually doing the work but often times they removed their protective equip-
’mt befox‘e getting ocompletely away from the working aresa,

A large smount of very small particles is produced by sa.nd-blasting. In an
m..lyais of dust samples collected both outdoors and indoors during sand~bdlasting,
following distribdution (Public Health Bulletin No, 217 = p,52) on a size free

my basis was found:

Size Group in Mioroms . Per Cent of Total
0.00 bt 00490000ovu.oooooooooo-o.o:'o:ct 1.4
0.50 - 0'99'000000.!IQO‘0.0..O‘.OO‘.IO 1917
1.00 had 1049.0-0.0000000000000..0!!‘00. 34.7
Lso bl 1.99.0..0.0"0000.0.!....‘l..... 20'3
" 2.00 - 2.490.--'ooooouoooloooootcoouoc 12.6
2.50.- 2.99........................... 5.2
3.00 - 3.49..---o.-.o-osg'o..oootoou.. 2.8
3.50 = 3.99........................... 1.6
4.00 - veedeseae L1
4.50 - 0.2
, 5.00 = Veave 0.2 ..
T 6.50 = V ee oot v 0.2 %

“""quire 8 hours. to. fall 6_ft. in s%ill air; particles 5 microns in diameter require
Z1ess than I hour So_fall the same distance. Considering this fact, it is apparemt
t}n‘c the dust hazard from a po.rtioulur opomtion may, even though carried out for

"dition of still air is rarely, if ever achieved, and that dangerous partisles exist
S in sizos below one micron, it is evident that & ha.za.rd exigts.

R Fortunately most of the outside sa.nd-bla.sting is done in more or lass isola.tod
= locations which makes it rather improbabdble that there will be any umsafe silica dust
J‘exposure to other workmen. Kowever, should it beccme necessary for any work to be
'—done in the vicinity of sand-blasting operations either on process units or the sand-’

"blut sheds or yards, it should be remembered that there may be silica dust in the

; Wir even though it can not be seen, Dust counts as high as 5,344,160 particles temn
microns or less per cubic foot were found in samples taken about 50 feet "downwind®
(wind blowing about 15 to 20 miles per hour) while sand-blasting cracking coil tubes;

i about 95% of these dust particles appeared angular orystalline wnder the Xonimeter

'nicroscope and were about five microns or less in size, Sanmples taken about 100 feet

s "downwind" from sand-blasting operation had counts as high as 1,812,480 paz-t.cles pPeT
;cubio foot.

"10 it hu been sstimated that ﬁ-ee silioo. dus‘t: pu—hicles, 1 micron in dimeto. r&-

“short periods, be acute throughout the working day., In view of the fact that the som-

e -
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1)1;‘1‘- cowmnte as high as 13,933,440 and as. low as 453,120 rarticles per cutio
found in samples taken during the filling of the Send Blast Machine feed
\ "", The high ¢counts were found wren sand was shovelled into a small circular
oFPS. wnd shaken by hand, the lower counmts, when the sand was simply shovelled in-
B 5“ BOPPEFs The average dust produced by filling or charging the Sand-Blasting
& _:}. .. 5 vas 4, 950,316 particles, ten micrcns or;ilesa, per cuble fOOun
s_,.'-' R, - pRE
- . g Dust counts as high as 4,984,320 partioles,‘ten microns or less, were fownd in
t i s taken inside a Sand-Blasting Room while sleaning castings. The average dust
\ ‘ ."““room during sand-blasting was 3,873,625 particles per cuble foot. About 80%

1)

pgﬂ-iolea were angular crystal line three microns or less in size and about
\ ppoared rounded, quertz-like crystals about tem microns in size. There were a
| o t_],ike» scales over ten microns in size and a very large number of minute dark

o particles too small to be counted accurately. The dustiness of this opera-
could be greatly reduced by the use of steel abrasives exclusively.

All of the samples for dust counts referred to a.bovo were taken at face level
o vicmity of workmen, :

Cg e
l ="

5 000, 000- dust particles per oubls foot is the tenta.tive maximun allowable
n‘w-of dust particles contalning free sllica of a size less than 10 microns recom=
od for sand-tlasting, .

_‘:'

.,.-:: | I - FILTERING OPERATIONS

T3 'L'he process of i‘iltering is extensively usad in the refining of petroleum

e eduots to improve the oolor stability and to remove impurities from motor lubri-
-oants! and paraffine waxes., The three materials mqss commonly used for this purpose
m‘i}.‘ber Clay or Fullers Earth, Contact Clay and Bone Black., Considerable dust is
poa'ma by the handling, charging and recanditioning of these materials.

%, ok Who.t is Filter Clay or Fu.l] ors Earth" Fil'ber ohy cannot be identified from
ghmioa.l ocunposition but consists of silica., alumina, iron and alkaline earths in
n.ryin; peroentages, The distinguishing properties sre lack of plasticity and the

r to remove color from oils, There are numerous deposits of this clay and other.
filtering earths in the United States; the oldest and among the most extensive are }}
those found close to the Floride-Georgia line, One of these, at Attapulgus, Georgis,
supplies & major portion of the clay used by the affiliated Standard (il Coarpany
| (Xew Jorsey) orgmizatiom. At the mine this material contains on an average approxi-
mtely 324 silica and 45% moisture, The average composition after beiny procsssed
l{ awd prepared for shipment is approximately: '

sioz. e . ...' e s aBssebs RN .. * li. ',," 67;‘48 per cm
uzoa. LI B N A BN BRI BN BY BN B B R N R A B Y N ] .::;lo' 08‘ “
F&Os.oooo-o.-o‘o--toooo.oooot‘Q“'_"2049-}’

Hgo..olnetoc0.0Q.Q.;..O."O'.Q

cmmed MOiBturO.o......o-.'o o '5.61

Free Molsture.,....eveeeesceees . 6428

ad
L
o
0
2 3 3 2
3’'aa aa
1

!‘hé';bmpa.ratively low dust cd\m*bs‘ found even in places where there was cleaning arnd
sweeping is no doubt due to the fact that this filter clay is of a rather coarso na-
‘ tures and without appreciable amount of fines.

= There appears to be a wide variatior in the composition and free
l tent of filter clays used in European refineries, "Terrana" a German Fi

* used in Poland shows:

silica cone
lter clay
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Loss in calcinatiomi.eeevees
Free Silica (5102)ceccesesns
Alzos md Fezos.’....l....l. L]

A ?' The filter clay used in Roumania 1s reP°"‘b°d ” having 60,4 per cext, free
g ion or 75.3% total silioates, "Granosil" clay! [i8éd in Bolgium contains & total
()

P"”’o‘ was not determined,

F ‘h 1okr.ess, probably averaging “about 7 feet,: 'I'here i5s an overburden of about 35
20 o, which is removed by an eleotrically opemted drag line or a ,steam shovel, The
5"““”15 loaded into small cars, transported %to the wet clay shed where it is dumped
g» %o the drying floor and dried for three days, It is then plisked up by orange peel
'bucka‘“: loaded into portable distributors and delivered to belt conveyors whichdisw
~°wg° the earth into roller crushers where it is reduced to sizes up to a maximum of
) inohes, From these crushers the clay goes to secondary crushers where it is re=-
;&uﬂd to a maximum of one inch, Since the clay is more or less damp very little
dns‘b is produced. The clay 1s then transferred to tandem oil-fired rotary dryers,
"’50 to 60 feet long and six to seven feet in diameter, In the 20 minutes required
or-the olay to pass through the dryers the volatile and moisture content is reduced

wYto 50 per cent., to a maximum of 15 per cent. The average dust ten microns or
th in size in samples taken at various points around the dryers and conveyors was

entagse of 73-1/2 per cent, of silicates expressed a8 8102. The percentage of free

’_ How i3 Filter Clay Mined and Prepared? - Thov depoait varies from 2 to 12 feet

31?554 969 particles per cubic foot, This rather low.dust count is the result of the -

a~mta.11a.tion of hoods with ducts to exhaust fans'placed over the dischargs points to

e in appearance under the Konimeter mioroscope and about five microns or less in

._nd appeared to contain several small air bubbles,” The clay is removed from the
-? "‘ers to hot rock cooling tanks, then to a vibrating screen. The oversize is next
°for the mills and elevators has been installed, This prooess may be repeated until
*’the desired size material has been obtained and graded to standard mesh sfzes, the

Tpetter known of which are 15-3C, 30-60, 60=-90, and the 200 mesh. The 60=30 grade is

Fprovably the most commonly used in the petrolem industry vhen decoloring by percola=.

w

~tion, and the 200 when contacting, Hewever, the 30-60 is preferred by most.of our
- “refining units in ths United States, The size seleoted ‘1s apparently determined
*lu-gely by the ty'pe of reburning equipment, '

'-‘J.) et

Hers ‘are two typical soreen analyses:

SO0 =
40 = 60...........................
B0 = B2iiciteccrcncescsncsccassses 1,5
Th.!"u 82oooooon.n.o-cocuooooool'o0ooo = 100

Sé!‘een tests are made hourly to insuro that the sizes are within the speoiﬁ- .

. 8.
a.

fthe ccnveyors or elesvators. About 85% of these dust. particles were angular crystale - -

a; about 15% were over ten micronz in size, The larger particles had rough edges

verized in a roller mill and tho product comveyed to a sifter, An exhaust system -~

FEd
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FIES (100 - up) GRADE FILTER CLAY

Mesh Per Cent,
Over 97 .vvivuvnn... 0.6
97 = 157 ceevennenn. Ceeeea 22,7
1E7 « 200, .ce.eunn... Ceeneaes 8.0
Thru 200.....uueus.. Cereenenan 63,7

Total 100. 0

" There is very little dust produced by the sifting operation. All of the con-
tions are designed to be dust tight but there is some leakmge., Samples of air
f. en at various points around the sifters while in operation had an average of
2?205'960 dust particles less than ten microns per cubic foot. About 85% of these
.d;f;;b- particles were slightly angular crystalline in appearance and five microns or

T ess in size; about 15% were slightly rounded semi-opague tenmicrons or over in size,
rhe larger particles had small cracks or fissures and several small air bubbles.

- Men spend about two hours a day cleaning, repeiring or replacing silk screens
-'in-.the sifters. Samples taken dwuring this operation contained an average of

;2" 639,040 dust particles less than ten microns per cubic foot. About 97% of these
"'dt,zs'b particles were angular crystalline in appearance and fivs microns or less in

4 size; about 3% were opaque over {ive microns in size,

z. After being sifted and graded the clay is ready for shipment. The 30-60 mesh
& grade is vlaced 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 fill-
& ing of the bags with the 30-60 mesh grade show that there are from 7,589,760 to

[+ 9,968,640 dust particles less than ten microns per cuble foot which indicates <hat
'T'all men engaged in bagging and handling bags in this area should wear apmroved respi-
= rators such as the "M.S.A.Comfo". About 80% of the dust particles in samples taken |
< during the filling and handling of the bags appear slightly angular crystalline under
~ the microscope and are five microns or less in size; 20% are rowmded crystalline, temn
“miorons or over in size,

B

‘?f_: Bulk Loading of railroad box cars with the 30-60 mesh grade produces clouds of
“dust, but a major portion of this dust is apparently larger then 30 microns in size »
.- a8 samples taken during this bulk loading had an average of only 6,853,440 particles,

.ten micrens or less in size per cubic foot.

LI

U The Fines (100-up) grade is put inmto 128-pownd cotton bags., Dust counts in

. samples taken during this operation showed that there were from 4,644,480 to 14,216,640
dust particles less than ten microns per cubic foot in the air being breathed by the
fillers, weighers, sewers and truckers. About 80% of these particles were rounded,
semi-opague crystalline in appearance under the Konimeter microscope and five microns
or. less in size; 20% were semiwopague crystalline from about seven to fifieen microns
in size., There were also a large number of very small particles about cne micron or
-less in size,

s

e How is Filter Clay Used? - Upon arrival at the refinery, the bags of clay are
removed from the box cars by a crew of men usually from the General Labor Department;
the job being rotated so that the same men do not do this particular opera*ioz more
than perhaps twelve hours twice a year on an average. Gogzles and "M. S, A, Conmfo"
respirators are generally provided, The clay is either trucked or dragged to an
elevator or conveyor nopper and dumped and the bags are piled for storage. At points
where the clay is received in bulk, it is unloaded by a larze woodez scoop pulled by

2 motor driven drag-line. Unloading, handling, and dumping the clay is one of the
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= uséies’c parts of the filtering operation. The amount of dust produced is of course
3 . endent on how the work is done, the ventilation provided, and the care used by th
"‘d P doing the job. Here are scme average dust counts of particles less than ten mi-
tﬁrw:ns in samples taken during the unloading of bags of 30-60 mesh Attapulgus clay

rarticles Per

Cublc Foot
Unlo&ding and dumping bags (128 1lbs, ) into Hopper at a '

q,... Southern Refinery.......coovvevnunn. .e.s 5,403,456
‘Dmnping clay from Bags into Elevator Hopper at a

poeit s, .- Northern Refimery.......coevviinenennnn. . 2,237,280
=4 Handling bags from Storage and Dumping into Elevator Ho:mer

= at another Narthern Refinery........... . 755,150
‘Insida Box Car During Un.loading teveesesseccnasasescsssesesssesness 1,110,144
73X outside " " T L T L T R R Ceeeteanaes . 372,924

X In Filter House Passageway being used to Truck Clay to

e gt Elevator hopper,.....cececeecacenocenses 332,840
e Averag,e Dust Produced while sweeping up inside car after

& - wloading.........u.t 651,360

; Em‘;' Apparently wloading clay in the bulk is less dusty than handling and dumping
. “of the clay in bags. Samples taken during the unloading of bulk «lay gave these
,,vera.ge counts of dust wnder ter microns in size:

3

' =T Insida car during unloading. tersessasessescasssss 962, 880 particles per "ubic foot
‘ Outside " " creersceaans ieesenns . 623,040 "
There is of course more dust produced in the vicinity of bulk wnlcading than 1is pro-
3 duoed when handling and dumping clay in bags.

::w - After dumping, the new clay is taken by elevators and conveyors to storage
“* pins which hold about 20 tons each. This is also a dusty operation due to the failur
¢ 40 cover the storage bins or to place hoods over the junction points of elevators and
¢ pelt conveyors., Samples taken during the filling of storage bins with new clay had
 these average dust counts of par’ticles 1ess than 10 microns in size:
=xX=
li" Dust over Bins arownd elevators and conveyors during ~ )
£illing at a Nerthsrn Refinery.......... 1,910,432
R " & Corveyors while filling at another
Northern Refinery.cceseeieecessreneccnncesonsonsenns 4,275,842
roon " & Conveyors while filling at a

Southern Refinery.esveecesssaccsecercnnasnns vessnses 4,531,200
" Face Level on Welkway over Storage Bins Northerm .
Refinery while Filling Bin.......vuuns crveencceessss 2,007,776

Dust Counts as high as 8,609,280 particles per cubic foot were found in samples taken
~near the discharge of one belt conveyor into the top of a storage bin, Abdout 90% of
~"these dust particles appeared angular crystalline under the Kon:.meve*- microscope and
3 .were five microns or less in size; about 10% were black, opague, many scale-like in
kappearance and ten micrors or over in size,

FS L2

"BURNING" CLAY - From the storage bins the clay is conducted by chutes and/or
conveyors and elevators to gas or oil fired Wedge Burmers or Rotary 3urners or Xilzs
" in which it is "burned" or roa.sted, and then discharged into rotary coolers where i
is cooled, Where all openings. chutes and elevator outlets as well as the ends of
rotary coolers are properly enclosed and an exhaust duct is placed over the burner.
very little dust (an average of only 604,160 particles, tern microns or less in si:ze
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3
S,

i bio foot) is produced and no respiratory protection is necessary., Three types
© ers or kilns are used to recondition filter clay. Average dust coun*s of

oy taken during the operation of these burners give a comparisca of the amount

‘ (particles ten microns or less per cubic foot) produced by each:

ey Total General
;ngmype of Furnace Feeding About Furnace Coolers Average

T Gas Fired....... .. 2,624,320.... 3,700,480...., 2,732,880,.... 2,990,542
5&59 Gas Fired.......... 5,399,680.... 1,522,459..., 2,108,590..... 2,395,971
mxot&fy " A 2,067,360.... 1,070,046.... 3,115,200,.... 1,818,206

3 " The present practice of using a compressed air hose to clean up the clay on
9}83‘10“5 floors of the Furnace House at one of the Refineries is particularly ob-
. ”Eionable due to the excessive dust (12,687,360 particles ten microns or less per
oubio foot) which is stirred up.

:§$ About 90% of the dust particles in samples taken during the buraing of filter
&ol& "were angular transparent crystalline in appearance and five microns or less in
%;1203 5% were round opague, ten microns or over and 5% were rounded semli-opaque, ten
Ha’“mm or over in size,

_ﬂ«é« ».. Exposure to dust produced by burning or reconditioning clay is rather limited,
L‘Usﬁiﬂ-iy there is one fireman for each shift of eight hours, three shifts per 24 hours
"and & porter for the day shift omly. Since one of the porter's main jobs is to
;nol'gm-up? he is exposed more continuously to dust than are the firemez.

ol CHARGING FILTERS - The cooled, burned clay (30-60 grade) is comveyed to the
"Méers by means of elevators and belt conveyors and charged through chutes fram the
' gonveyor belt tripper at a rate of from one and a quarter to eight tons per hour,
These vessels hold from seven to fifty tons each. The amownt of dust produced 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 condition of the convey-
or belt, tripper and charging chute; also whether the top marnole of the filter is
loft open during the filling, A general average of 54 dust counts mads of semples
taken during the charging of filters at all of our plants using 30-60 mesh Attapulgus
Filter Clay was 3,717,884 particles ten microns or-.less in size per cubic foot. The
wmound, of dust produced by the charging operation varies consideradbly at the various
plants as is shown by these averages:

o7
BT Refinery Charging Rate Particles per cubic foot
ZE.  Baton Rouge 8  tons per hour 4,271,413
£ Bayway l-1/4 " " " 2,435,520
= Bayonne 3-1/2 " v w 2,242,944
Eagle Works 6 "o " 1,042,976

It is the general bellief that the more times a clay has been used and reconditioned,
the less dust is produced during its handling. Our study does not confirm <his be-
ldef as applicable to dust produced while charging filters, Averages ol dust counts
in samples taken during this operation were:

1 Clayeeerorvesonnsnesss 2,242,944 particles per cubic foot
TP . 4,804,832 " " " "
p o R A 3,896,832 " " " "

k=
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According to an analysis of particle size made by the Bayonne La-oratory of a
mple of Rew (30-60 grade Attapulgus Clay) No.1, No.3, and No.8 Wedge clays, the
0110“*135 is the size classification or distribution:

Raw Clay #1 Clay #3 Clay #8 Clay
. Coarser than
100 mesh 98. 5% vuerunnee 9% 4% it 98 T, 98, 3%

gpimeter of Partiocles Raw Clay #3 Clay #8 Clay
Microns Per Cent Per Cent Per Cent

149 to .074 149 to 74 0. 14355 1, 00750 0, 54159

044 T4 " 44 0. 55095 0.17186 0. 08449

. 035 44 " 35 0. 29760 0. 05369 0. 04585

. 025 35 " 25 0. 21555 0. 03887 0, 01603

015 25 " 15 0.17550 0. 01729 0, 00847

005 5 " 5 0. 11640 0. 01027 0. 00336

001 5 " 1 0. 00045 0. 00052 0. 00021

¥ About 85% of the dust particles in samples taken during the charging of #3
clay were slightly angular in appearance and five microns or less in size; 15% were
~ounded semi-opaque, ten microns or over in size, About 757 of the particles in
anples taken during the charging of #10 clay were slightly angular crystalline, five
microns or less in size; about 20% were over ten microms in size and were semi-opague
about 5% were rowund semi-opaque between five and ¥en microns in size, All of the
Jarger particles appear to contain small bubbles., There are numerous small black
specks about one-quarter micron in size.

'.: Charging of filters is usually done by one man per shift for each filter
house. There are three shifts a. day. These men have an average service of about 20

]

e ' " Ventilation is provided in the newer filter houses by eighteen-inch roof venm
_‘ tilators extending about twelve inches above the roof and also by windows which oc-
: chpy about 80% of the wall space in front of the top of the fil‘cers. ’

=8 DUI‘IPING FILTERS - After the filters are charged with clay they are plated up
’_5 a.nd the oil is allowed to percolate through the clay for several hours, the length of
timo depending upon the nature of the oil run and the "yield" of the clay. The oil
{3 ZEis all drained off and the clay is then washed with naphtha or "Varsol" and steamed
s .‘ to remove all trace of the naphtha, After this the filter is dumped on to a canvas
"] & belt conveyor and the clay returned to the kiln for burning or reconditioning, Filter
g ‘-:-‘ clo.y is used as many as fourteen times before it is finally discarded. In order to
. determine what effect the reconditioning of filter clay had on its free silica con-
Z tent samples were analyzed by the New York State Department of Labor, Division of In~-
dustrla.l Hygiene with this result:

e

g Times Burned % rree Silica
l = Raw Clay.......o.... eee. 6.30
Once........ A, .. 8.50
= THr €. . v v veeerernnnenns 9. 20
}' Eight......... ceveenseas 2,30

1 Considerable steam is usually given off during the dumping which protably
\
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R 7ains the smaller dust count (a general average of only 2,518,781 particles ten
;-j ond or less in size per cubic foot) than would be expected. The dustiest part of
’i‘q?filter dumping operation is sweeping up the floor under the filters af<er dump-
'c?;,ﬂ'is completed., Samples taken during this sweeping or cleaning up had as high as

. 538,880 particles per cubie foot, although the general average of ‘samples taken
v
faurs

of these dust particles are slightly angular crystalline in appearance under the
snimeter microscope and are above five microns or less in size; about 5% are rounded
xdi_opaque over five microns in size, Occasionally the clay doesn't "flow” when the
s ter is opened and must be started "flowing” by means of an iron bar. This action
suses some dust (2,888,640 particles per cubic foot) but not as much as pownding %he
q"'t{;om and lower sides with a sledge (4,248,000 particles per cubic foot) as is some-
‘gnes done. After the clay has run out, the inside of the filter is swept out with a
¥yrocm which produces a little dust (an average of 792,960 particles per cutic foot),

&Y s

Tehe filter is then plated up and is ready for recharging.

The work of dumping filters is done by ane man per shift, for each filter
house. These men have an average service of about ten years and work eight hours &

| “snift, nine shifts out of fourteen. They are exposed to dust less than 60 per cent,
‘of their working time. ¢

‘ % Spent clay is used to a limited extent for packing around valves and fire hy-

] drants to prevent freezlng; also for certain other small absorbing job such as on the

" ‘warehouse floors of same of the larger bulk sales plants where lubricating oils are

—rtransferred from barrels or drums to smaller containers, or loaded into five gallon

g‘cm fram bulk, Most of the spent clay is disposed of, however, by dumping it on

7 nearby Company property and, to a lesser extent on railroad property near river banks,
- g -

; % Camposition of Filter House Alr Borme Dust; Samples of dust from Attapulgus

.4 Clay, which had settled on the tops of elevator housings and on girders over the
storage bins in filter houses, were submitted to the United States Bureau of Mines Ex-

3 pbriment Station for petrographic examination., Ordinarily positive results are not
obtained in petrographic tests for the identification of minerals in atmospheric dust.

" Howsver, the samples submitted were coarse enough to give results in most cases. In
studying the results of the petrographic examinations it should be borne in mind that

~{ the samples submitted were settled dust, and that they are not representative of the

—= somposition of the dust that would be breathed generally owing to the differential

settling rates and the ease with which the various mineral constituents can be crushe.
j.]ed to a powder, )

-

"Montmorillonite™ ((Mg, Ca) 0.Alz 03. 5Si 02. nH20 —- n=5+o08) isthe miner-

al that is characteristic of many types of fullers earth. Not all of the less ime
portant minerals found were fully identified,

Clay dust from top sheil of elevator -~ Top #2, Herman-Frasch Furnace,

- Quartz - 10% Montmorillonite - 807
Calcite, Microcline and Unidentified - 10%
§ Dust from accumulation on girder gver clav storage bins - #4 Tlter House.
Quartz - 10% ' Montmorillonite - 70%
] Possibly other clay minerals present, opaque - 20%

Dust fram accumulation on girder over clav storage bins - =1 Filter House,

i Quar<z - Over 1% Montmorillonite = 55%
Opeque - 40% Unidentified - 5%

ng dumping at the. various refineries was 2,514,816 particles per cubic foot. About

v

he gH1d A

LI P ST U TR W Ry v e



22~

control of Filter Clay Dust: Dust in a filter plants results principally from
opem of the clay handling machinery., The conditian is aggravated by the
';‘ent practice at some refineries by using an air hose to blow accumuwlated dust and
od clay from equipment, walls and floors, Handling a fine light dust producing
prial, such as filter cley, in a system which includes open belt conveyors is ine
. ’«E" antly & - dusty operation, (12,687,360 particles, ten microns or less in size, per
- 2 “bie. foot)e It is difficult to prevent some dust from being generated at u..loa.ding
"ﬁ:ts where the clay falls into chutes or bins, but it can and should be controlled
oans of hoods, enclosures, and adequate exhaust systems with ef“ective dust collecw

e There will always be an irreducible minimum of spillage and dust settlement
gver dusty material is handled in systems such as exist in most refinery filter
ues, This is an economic waste and increases the difficulty of the dust control
blem. Unless the present practice of cleaning dust spillage by blowing with come
=ssed alr is changed, the necessary periodic cleaning will continue to be a very
P2 and unhealthful operation even though all precautions have been taken to pre-
yent. the escape of dust from clay handling equipment., A modern industrial vacuum
1ee.ning system would do the job efficiently, without creating any dust.

T

42Z. The principel source of dust in filter buildings is the belt conveyor which is
wlly 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
gwr oubic foot), This could be considerabdbly reduced by inserting canvas or sheet irom
wzmec’cions between the ends of the tripper chutes and the chutes to the filters,
Y | by using a properly designed belt tripper on the conveyer bdelt.

~. Bins for the storege of filter clay should be closed with steel decks having
th smallest possible openings in the form of chutes to receive clay from the convey-
ers.= If care were taken not to overflow the bins, the dust and spillage could be

4 greatly reduced. , ,

; -%3 For complete control of dust, an exhaust system equipped with dust collector,

{ fan, ducts and hoods should be installed to remove dust fram the points of origin,
such as, all wmloading points (except moveble trippers) of each belt conveyer in the
building, new clay bins and burned clay bins, OCne estimate which has been prepared
for such an 1nsta.11ation calls for an exhaust system with a capacity of approximately
115,000 cubic®feet of dust laden air per minute, and is based on maintaining an inmward
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 borne in mind that the

cyclone type will not remove the fine dust particles (tem microns or less in size)

vhich are most injurious to health, and that the cloth bag type fllter has been proven

] to 'be more successful in removing these fine particles,

~—d

“u

- ;3&: Under existing conditions at most plants it is almost impossible to keep the
plants clean, regardless of how carefully the equipment is operated. However, the in-
stallation of a vacuum system and adequate dust collectors should encouragze onerators
- to exercise more care in the operation of equipment and thus cut down the amount of
Adust and spillage,
_ B; - CONTACT CLAY:

an .

R"
4 Most contact clays, particularly in the United States, are acid ireated "Ben-
tonite". Benionite is a non-refractory clay, a double silicate of iron and alumizum,
. derived from the shale of the Fort Bentorn formation in the upper Missouri wvalley.
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' There appeaers to be a wide variation in the canposition and free silica con-
“of American and European contact or activated clays. "Filtrol" an extensively
Ameriocan cantact clay is reported to contain about 57% free silica (silica which
;9”1 oluble in concentrated hydrochloric acid), ™Milwhite", another extensively

f 1€& Amerioan contact clay, contains 65% free silica, The contact clays listed are

: a;od" post extensively used in Europe:

Insoluble in Insoluble in Concentrated

Concentrated HCL HCL and 5% MAp COz.
"Ivry Clay (French).iveeessn 750 0% e evecennnns 64, 6%
“Terrm mm" (Germ&n).... 64.4%'ao...¢oo-coo 2702%
nclarit™ (Italian)......... . 49, 5% ceenenanonne 50, 6%

‘mponsil AC", another French contact clay, has 61,75% free silica.

™ e main constituents of "Petrisil", a German contact clay, are:
Th

Total Silicle..vetvvoesesees 51 57%
Limé (Ca0)eserevnenrrerenss 0.63%
Aluminum and Iron Oxides.... 18, 83%
Loss on ignition (Water).... 23.62%

The balance probably consists of
potassium and sodium oxldes,

. The following is the result of a petrographic exsmination
of "Petrisil"” which was made at the United States Bureau
of Mines experiment station:

ertz.o-‘.-on.coo-olo...tl. 5% .
Montmorillonite..eciceescess 90%
Unidentified Miners.ls....... : 5%

] . The uge of cantact clay for improving the oolor of lubricating oils is a re-
"oent development.

% At present the price of contact clay 1s so low tha.t it is used anly once and

/1] then discarded, -

: “' Although there are many contact clays on the market, a large percentage of that
usod by the Standard group is known as "Filtrol", consequently this was included in

- our dust studies,

——. —— — —

od Bentonite, used as a decolorizer, absorbent and deodorizer in the refining and
preparation of both organic and inorganic oils. It comes from "open cut" mines in
Mississippl and Califormia, and occurs in beds about two and one-half feet thick

. wder an over-burden of some eighteen to twenty-five feet. There has been some doubt

J ﬁ Wha.t is "Filtrol" and How is it Produoed? "Filtrol" is a pulverized acid treat-

"

|
1

— a8 to its origin, but it is now believed to have been volcanic dust transported by

the air and deposited umder the waters of either a lake or a sea. Raw Bentonite is
mined and loaded onto trucks with steam shovels, and then taken to the preparation
plant, tractor scoop lifts the raw material from the storage shed floor and places
it in a hopper out of which it is fed into an elevator by means of a steel pan feed-
or. The elevator discharges into a crusher which breaks the material down sufficient-
ly to enable it to pass through a screen (three meshes to an ineh) onto a belt cone
veyer which takes it %o & pre-mixer where it is mixed with water <o form a "slurry”,
This slurry is passed into large wooden %tanks and treated with dilute sulphuric acid

- hesd
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| # tod with 8ir and steam. It is then dumped into thickeners, washed, and deliver-

;’:ﬁ Oliver filter. From there it goes in turn to a pug mill, drying tower, cage
jiko &% 2411, and classifier, The finished product is placed in a bin where it is
7 Ag;zo fifty pound Bates Valve paper bags by means of & Bates Bag Packer., It is

¥ 3 in reilroad box cers, each having a oapacity of fram 1600 to 2000 bags. The

grades of "F{ltrol" in greatest demand are:

© e
}//Gm.DE Per cent, of Coarser Finer
" cent. Total Than 200 -« 325 Than
1&200 mesh) Producticn 200 Mesh Mesh 325 Mesh
80 14, 0% 16. 0% 70. 0%
- 16 23,0% 24, 0% 53, 0%
] 2 § 8.0% 23, 0% 69. 0%
] The only real dust producing operations in the production of Filtrol are the
'111135: stacking and handling of the fif'ty pound bags. Samples of dust taken during

:h.65° oper&‘bions revealed the follcwing:

] L2 Operation Particles per cu ft.
= Avemge dust £1lling bags with 85-88 grade 10,416,096
g e " packing room while filling bags. 9,572,180

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

J 2. An exhaus‘b system has been installed to reduce and control the dust produced

gm-ing the packing of Filtrol. This conslists of a metal hood above the filling tubes
{x.front of the machine, with a basin belom. A seven-inch duct leads from the basin
._nd a six-inch duct to a canopy in back of the packer, both connecting with a ten=

] inoh main duot which rums to a Sturtevant Fan (1750 R.P.M. ) designed to handle 1,620
subls feet of air per minute agalnst four-inch water static pressure. A cyclone dust
collector removes the larger particles from the air before delivering it to a tubular .

} ci_d‘th dust collectcr.

g About sixby per cent. of the dust particles of samples taken during the fil-

ling operation are slightly angular crystalline in appearance under the Konimeter mi-

oroscope, & are about two microns or less in sirze; approximately twenty per cent.

_appear. to. be rounded orystalline, glass-like, but with rather smooth edges, and over

-ten microns in size, There are. a large number of very small gray particles (about
J hven‘by per cent. ) too minute and too numerous to sount ascurately.

.';‘ What- is the Chemical Composition of "Filtrol"? Below is the result of an an-
alysis b'y a commercial chemical 1a.boratory in Los Angeles, Calii‘omia, of & sample
‘of Filtrol from the Jackscn (Mississippl) plante

Per Cent,

Silica (Sioz)'-o..o.n‘oototc.cto.cocv'.l 56‘90
Almm (MZOS)...-..,........ ...... eoec e 13.97
Ferric Oxide (Fe203)iseseececcesccccacss lod4d

=Y Titanium Oxide (T102)s.evveeescscseessts 0,10
e ) Calcium Oxide (CBO)esecsveccevssocoeoses 2482
j Magnesiim 0xide (Mg0)ssssssseveseeceeess 3455
- R Manganese Dioxide (MnO2)esevsverocceesce -
=9 Carbon Dioxide (CO2)ecvrvresvreecerannes -
= Potassium Oxide (K20)..vevvevsssnnsecnss 0,03

:
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Per Cent,
Sodium Oxide (N&20).....eeveviennnnn 0. 04
Chlorine (Cl)eeeveeeresvass -
Phosphoric Anhydride (P205)i.escvecesies -
Sulphuric Anhydride (SOZ)e.eececsssecsss 0.63
Total ignition loss......ve.enn. cereanes 20,00

. Free Moisture.......... e rrecreeseannas 12,23

"It is customary to separately report materials such as Silica (Si02)
and Alumine (Alp0z) in ultimate analysis although the elements are
known to be in ocombination with one another, It is difficult to get
an analysis of free 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 follow:.ng is the result of an analvsi of "Super-Filtrol" which was made

e ' Pex; Cent.
Moisture at 120 degrees C ............. . 16.5
Loss on ignitlon ... . c.ivviiiiiiiiies . 33.5
Insoluble in concentrated HCL ..... cevee 55,0

- (Total Silica and unattecked crystals)
Insoluble in HCL and in a 5% Na2C03 solution. 15.0
(Siler, gquartz and wmattacked crystals)

A microscopic examination shows a few pa.rticles with
"acute angles”,

: An examination made by the United States Bureau of Mines Expermen*' Station in |
,Pittsburgh Pennsylvania showed that Filtrol contains more than 1% quartz, 95%
Montmorillonite ((Mg, Ca) 0.Al203-5S102-nHpO0--n=5 to 8) and 5% unidentified minerals.
A" similar eramination of Attapulgus Fines (200 mesh) showed 5% quartz and 95% Mont-

i l morillonite,

"g How is Contact Clay Used? The clay is mixed with _o0il, agitated and heated, and)
either allowed to settle or rum through a filter press, 1t is then discarded. The

jclay is eitYer dumped directly into the oil or placed in a hopper frem which it flows
;into indnetors or mixing chambers where it is mixed with the oil and then pumped to a

;Lﬁlter tank, The only dusty operations are the unloading of the material and dumping

it into the hoppers or mixing chambers, The higher dust cowmts with the contact clay
—as compared to filter clay is probably due to the fact that it is a finer ma<verial,
cor at least disintegrates more easily than the filter clays studied.

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

- Cperation Particles ver cu, £,
= Avernge dust produced while dumping 50 pound 6,768,480
= bags of "FiltrolM. . .ii.ieiitienciirienncenn

- Average dust produced while dumping 100 pound
E bags of "Attapulgus Fimes"........... ceeees 9,280,640
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ier the Konlmeter Microscope the particles were rounded in appearance, The "Atta-
s Fines" appeared more crystalline and angular, and had a greater proportion of

Pulgicles five microns or less in size than did the "Filtrol". The cownts indicate
Z8% trat more dust results from dumping Attapulgus Fines than from dumping rilftrol acti-
.,‘ted clay.

. Dumping fifty pound bags of "Milwhite" (90% through 200 mesh), a Texas contact

b la-yi into the feed hoppers to the inductors or mixing che.mbers is an exceedingly

ey uz‘b)’ operation. Semples taken during this operation had as high as 14,048,720 per-
AILE ten microns or less in size per cubic foot, Samples taken in the middle of

s~room Just after thirty bags had been dumped into the hopper had 55,847,040 par-

Prioles per cubic foot, Under the Konimeter Microscope, about 90% of these particles

ppeared slightly crystalline, and were five microns or less in size; 107 were round,

mui-opaque, ten to twenty microns in size, There were also a few scale like par-

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

=}l After extensive study and investigation the local management has made arrange-
ments to receive the c<lay in tank cars similar to those manufactured by the Ceneral
"‘American Tank Car Company. These cars are self-unloading and will discharge into an
< snclosed hopper. The clay will then be transported to storage bins by means of a
¥ sorew conveyor completely enclosed in ten-inch tubing, It will be withdrawn f{rom the
pottom of the bins, passing through weighing scales, into the inductors where it will
e mixed with the oil, This will provide a completely closed system and should
eliminate all air contamination.

% . BONE BLACK OR CHARRED BONE:

g Refined wax is filtered through bone black or charred bore to improve its ~
;"oolor. This material is ottained fram various meat packing firms in finely woven cof-
_fee bags that hold about 150 pounds each., An open belt conveyer and elevator carry
,' the tone directly from the reactivating furnace to the covered filter charging hopper.
i2 Metal chutes lead directly frem this hopper into filters which hold about 3,000

gstoamed.,for about 24 hours, washed with hot water, steamed for two hours more, and’
=X then dumped upon belt conveyers which carry it to the reactivating furnace which is
'-?g?ge.s fired, The bone goes through the furmace at a temperaturs of about 1100 degrees
= Fahrenheit and at the rate of about 250 poumds per hour, Bore black can be used over
-émd over again, Three men one on each shift, with an average service credit of
‘fiﬁ:een years, are engaged in this operation. Their period of exposure to dust is

a.bou-t one hour per shift. The greatest amount of dust produced results from the open

comreyers partioularly in dumping the material fram the furnece onto the conveyer
-belt. Samples taken during this operation had as high as 11,044,80C particles of temn
- microns or less in size per cubic foot. Consideratle dust (14 273,280 particles per
Z euble foot) also arises from the open hatch of the filter charging hopper during
ﬁi‘illing. An eight-inch motor driven exhaust fan has been installed to suck back the
2 dugt from where the elevator buckets dump the reactivated bone into the chute +to the
# charging hopper. The dust loss from this filtering operation is estimated to be about
21500 pounds per morth.

IS

Under the Korimeter Microscope about 65% of the dust particles ol samples takern
- during the reactivation of bone biack appear to te black, opaque, scot~like, and are

five microns or less in size; 5% are rounded, semi-oracue, ten microns,or more in sice.
The angular crystallineand light grey rarticles which constitute about 30% are probatly

Zpounds of bone black. Upon completion of filtration the bone is washed with "Varsol®,

-y

o it et BT 22 R Bz, B e R

-

LA

RS e, &




2T

III - INSULATING OPERATIONS

3 'Insulation plays an important part in the processing of petroleum products.
PSP 0 types of insulating material most frequently used are "Sponge Felt" (asbes-
,..’:?"i%h ground sponge to give dead air space and thus increase the effectivensss
,tm spsulation) and a mixture of 85% magnesia and 15% asbestos, Rock wool is
'..fﬁft'o a oonsideradbly lesser degree. In the ordinary cammercial form, Rock Wool,
’d sd at our refineries, does not present a dust harard., It .is also used for
[ n:, jpsulation, and is aveilable in small nodule form which can be blown into
’ ng5% magresia” is a mixture of magnesia and granulated asbestos and pressed
!1‘41.,100):5 of various sizes and shapes (usually 16" x 18" x 1-1/2"), The most dust
f. from dismantling old insulation and grinding scrap material for use as a plas-
b ~for “ge.nister". The average service of men engaged in insulating operations is
w]":at" fifteen years. Most of these men have been transferred from the Cormon Labor

) ent. They work nine out of fourteen eight~hour shifts, in gangs of fram two
;&,“aix men, and are actually exposed to dust for less than sixty per cent. of their

b orxing time. Gogglés are sometimes provided, and occasionally MSA "Comfo" Respira-
'ﬂi’?j'but this equipment is not used as muoh as it should be. Generally speaking,

* dout 85% of their work is with sponge felt and 15% with 85% magnesia insulation.
p-one of the larger southern refineries about 300,000 square fee} of sponge felt and

"000 square feet of 8F% magnesia are handled a year.

a .L-; ¥hat Physiological Keactions are Provoked by Insulating Materials? According
%0 Dr. Leroy U. Gerdner (Journ, Indust,Hyg,Mar,1937,Vol.19, No.3, P.121) asbestos dust
dth its fibrous particles does not seem to be readily handled by the protective

gechanism of the lungs. Quoting from his article:

"They are not removed to the lymphoid tissue but remain in contact
with the delicate walls of the air spaces. They become surrounded by
an iron-contalining coating that fractures and gives rise to the pecu~
liar structures known as 'asbestosis bodies!, The fibers are irri-
tating, perhaps because of their form, and they excite a fibrosis
which tegins about the terminal bronchloles and spreads to form dif=-
fuse patches in the parenchyma, Often the distribution is sub-pleursal. b
In the presence of infection, the reaction to asbestos dust is much
mors. severe thean that caused by the dust alone."

i»" There is nothing in the pertinent literature, nor does the Bureau of Mines
now of any evidence, which would demonstrate magnesite (a natural magnesiw carbon=
ate) to be harmful. It would fall in the class of "nuisance dusts" such as gypsum.
‘Walle many of the so-called "nuisance dusts" have never been found to be harmful, it
is_the opinion of most investigators in the fleld of industrial hygieme that no work-

or should be expcsed to any dust in a concentration exseeding 75 or 100 millions
of particles per cubic foot of air,

& .

< B - What are the Princivel Insulating Operations and How Much Dust is Produced

During Suoh Qperations? 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 a
good general ideas

| -i INSULATING 12" STEAM LINES: 6" x 18" x 1-1/2" blocks of 85% magz-
5. nesia are tied on the steam line with l4wgauge galvanized wire end

‘ o covered with roofing paper to mske it waterproof, Often times *this

i ¢ - work is performed om scaffolds twelve to fifteen feet above the ground,

with men lying on their hacks under the line part of the time.
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¢considerable dust (as high as 18,124,800 particles of less than ten

‘ nicrons per cubic foot) results from tarping the blocks into place,
samples teken during the entire operation had an average concentra-
tion of 6,881,760 particles per cubic foot. About 90% of these dust
partioles were slightly angular, crystalline in appearance and above
 pive microns or less--in size (as seen under the Konimeter Microscope);
5% were rowunded opaque, ten microns or more in size; and 5% were
opaque scale-like, five microns or more in sirze, Samples taken while
applying asbestos sponge felt to a 12" steam line had a dust concen-
tration as high as 23,788,800 particles of ten microns or less in
gize per cubic foot. The average was 12,574,080 particles per cubic
foot. These dust concentrations are considered too high for. work-
ing without adequate protection.

~ INSULATING A 750-POUND CRACKING COIL ACCUMULATOR: 6" x 36" blocks
of Johns-Manville "Fire Felt" are first applied and plastered with
extra. AA Rubberoid Asbestos Cement and waterproofed with Johns-
‘Menville "Insulkote". The dustiness of handling these materials has
been considerably reduced since the manufacturers began shipping the
"Fire Felt" in cardboard cartons containing thirteen or twenty
blooks, and the plaster in hundred-pound paper bags. Samples taken
during this operation had an average dust concentration of 4,502,880
& particles, ten microns or less in size per cubic foot, About 75% of
- these dust particles were slightly angular in appearance, five mi-
E. oronms or less in size; 10% were scale-like; opaque; and 15% were

g rod-like and fibrous.

INSULATING TREATING PLANT ACID SUCTION LINE: Sections of "Sponge
® Felt Pipe Cover" are cut to fit pipe lengths with an ordinary carpen-
& ter's hand saw, This operation produces on an average 821,280 par-

5. tioles of dust, ten microns or less in size, per cubic foot. Under
" the Konimeter Microscope all of these particles are slightly angular,
> crystalline in appearance, and five microns or less in size, The

r. blocks or sections of the pipe cover are held in place by wrapping

. #16 gauge galvanized wire about esch one,

“ ing coils are insulated with 2" asbestos tubing (85% magnesia and 15%
- asbestog) held in place by fine copper wire, Sections of the tubing

. are cut to fit partioular areas by means of an ordinary carpenter's
¥ band saw, This produces 7,788,000 particles of dust, tem micrans or
{ ~ less in size, per cubic foot, Under the microsoope, S0% of these

3y crons or less in size, Each section of tubing is pounded into place
ps.. with the open hand so that it fits snugly against the pipe, and then
¥¥%. wired into position. The dust produced from both of these operations
S85:. averages about 3,379,520 particles per cubic foot. Under the micro-
g~ . scope, approximately 80% or 90% of the dust particles appear crystal-
3. — line, more or less angular, and five microns or less in size; the re-
=% . maining 107 or more are rounded in appearance, and over ten microms

2% . in size,

DISMANTLING OR REMOVING OLD INSULATION: As a general rule, the
dismantling or removal of old inswlation is a more dusty operation
than the application of new insulation, The old insulation is chopped
or cut with a hatchet or small hand-axe, and pried loose and pulled
off with the hands., This produces dust concentrations as high as
5,890,560 particles, ten microns or less in size, per cubic foot, Ip

INSULATING CRACKING COIL HOT OIL LINES: All hot oil lines at crack-
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‘Q?dismantling an old cracking coil 4" tar line, the average dust concen-

W, ation was 2,322,240 particles per cubic foot, In appearance these

¥ . -ticles were clear crystalline, rather rounded, and five micromns or

. Jess in size. No fibres were observed in any of the dust samples from

‘W31 smentling operations. After a few weeks or months service, insula-

-Ji®Lion on hot lines dries out and appears to disintegrate. This is prob-
B, 01y due.to the fact that suoh insulation is usually covered with a

sather-proof material which prevents absorption of moisture from the

@ed - (RUSHING SCRAP ASBESTOS: Scrap asbestos insulation, ususlly the
R¥o5% magnesia type, is crushed in a belt-driven Williams crusher to pass
g through a soreen with one-inch holes or slots, and 1s then mixed with

W cw asbestos to make insulating plaster. This operation, which is a
W ory dusty one, i1s performed by two men, with an average service credit
EWOr about twelve years. Goggles and MSA, "Comfo" or Willson Dust Respi-
& rators are worn. Considerable dust is produced in breaking up the
$rsorap insulation by hand prior to crushing (10,195,200 particles, tem
PFnicrons or less, per gubie foot), and also when feeding the crusher
8 which 1s done by shovelling the broken-up pieces into the hopper and
@¥poking them down with a short wooden stick (14,839,680 particles per

¥ cubic foot). Dust counts as high as 27,527,040 particles per cubic
‘2 foot were found in samples taken from over the hopper. These dust con-
4 centrations are dengerously high., About 95% of these particles are

8% sharply angular, orystalline in appearance end five microns or less in
i size; 5% are opaque scale-like, six microns or more in size, Crushing
g sorap asbestos is not a steady routine operatiom, the exposure varying

Bl CRUSHING (LD CORK INSULATION: This operation is performed approxi-

I mately twice a year and takes about twenty or thirty minutes. The in-
"sulation is orushed on a belt-driven Willlams crusher, by the same men
who orush the scrap asbestes. This crushed cork is used for insulating

. lines 1n the cold settling plant. The average amount of dust produced

fis 20,016,178 particles, ten microns or less in size per cubic foot.

T About 807 of the particles are slightly angular, crystalline, in ap-

* peararce, and five microns or lesz in size; 20% are round, semi-opague,

3§ ten miorons or more. There are also a large number of . very small black

"F or dark grgy specks.

= ‘ IV - GUNITING OPERATION

.4 What is Gupite and How is it Applied? = Gunite is a mixture of approximately
part (one 94 pound bag) of Portland Cement and two parts (twelve scoop shovels)
= sharp sand. The sand and cement are mixed dry, shoveled into the hopper
wnite machine, using water under about 40-pounds per square inch pressure and
ressed air at thirty to ninety pounds per square inch. It is applied under pres-
. as a semi-fluid, against the surface to be protected (usuelly process equipment,
v}s, oracking coil soaking drums and storage tanks), In practically every case
~ guniting is done, it follows immediately, after the sand blasting job used to
a the surace. In most cases, the work is performed by the seme crew, The indi-
it holding the gunite nozzle is provided with the same protection as is the
or of the sand blast nozzle, and the men tending the gunite machines are pro-
1 with respirators and are required to use them while actually handling the sand
~mment, This involves mixing the materials and charging them into the machiues
]:o dustiest parts of a guniting job), Samples taken during these operations
*d the following dust counts of particles ten microns or less in size;

3
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Operation Particles per cu ft.

Screening sand prior tomixing with cememt.. 2,483,160

Mixing batoh ....evieiieniiinnnt, ceesresss 1,699,20C
Shoveling mix into hopper. ..... ceesesesases 6,485,280

_Abqut 407 of the dust particles in samples taken while mixing the batch and
* N ing the hopper were crystalline, quartz-like in appearance, and about five mi-
=% 4in size. The remainder were dark grey in color and below one micron in size,
-dust particles in air ooming out of the bottom manhole of a soaking drum being
tod averaged 528,640 particles per cubic foot, and werse sligh’cly angular,

: A gunite crew oonsists of six men. The average service credit of the men in
Xcrews studied was eight years. Two "nozzle-men" who "spell" each other every

- or three hours apply the gunite. There is one man at the gunite machine, and

s men screen the sand and mix it with cement. Only about 25% of their working
~or nine hours per week per man, 1s devoted to guniting,

. Removal of Gunite Lining: Pneumatio chisels are used to remove gunite lining,
s:.ﬁPle” taken from inside a cracking coll tar separator during this operation had as
] ﬁ@ as 16,595,520 particles of dust, ten mlorons or less in size, per cubic foot,

;nd an average of 10,804,080 particles per cubis foot. About 75% of these particles
ﬂ., roumded, angular, more or less opague, in appearance, one micron or less in
d”: and 25% were angular, quartz-like, about ten mioroms or less in size. A chemi-
'analysis of the gunite lining showed that it contained 68,2% free silica, Four
ﬁ-om the Plant Labor Department, with an average sérvice of seven years, spend
ut twenty hours per week removing gunite linings from process equipment, An air
phon provides ventilation, and the men are required to use the goggles and respira-
“fiors which are furnished them,

V - WELDING AND CU'ITING OPERATIONS

&jﬂ

$* ~ Welding has never been considered a dust-producing operation. However, our
'rtudies and those of others indicate that the use of the modern coated electrodes or
Y rods produces a large amownt of dust in addition to the fumes which are evolved, An
gl?ctric arc 1s used for most of the welding around refineries. There are a number
: gf welding Jobs, however, for which oxy-acetylene is useds Oxy~acetylene is also
" ued for praatically all burning or outting.

WELDING OPERATIONS:

- 31'. ELECTRIC ARC WELDING: Electric arc welding is used o all types of copm
struction and repair work, The average service of the electric welders is
atout two years and most of them came fram the Labor Department, having
%‘been developed into welders at the individual plants, They are exposed to
fparticulate matter generated by the welding operation on an average of six
: haurs per shift, nine shifts out of fourteen. This particulate matter is
ordinarily referred to as "fumes or smokes"., The particles when found
have a much smaller size range than that of dust, such as silice, With scme
operations there may also be some dust present, but the product formed fram
g volatilizing the metal and rod ocoatings is commonly termed a "fume". A1l
welders are provided with approved hand shield or helmets equipped with 10
‘;joviweld lens. Welding in shops is dene in canvas or wooden booths, A
§veam or air syphon is installed when axy arc welding is dane inside of closed
J{vessels such as drums or towers,

a
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What are Coated Electrodes? Coated electrodes are metal welding rods covered
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e composition which prevents oxidation and permits the formation of stronger and
a v

ro wmiform welds,

et 'f what Do These Electrodes Contain and What Products Result From Their Use? 1In
7%’.‘ > 1. the “coatings used in modern coated welding electrodes are patented or trade
'_] = a::s’ with special virtues attributed to each. Obviously, it is inadvisable to

3 }c“rinto these coatings materials which might produce products harmful to man,
rbhelessr chemical analyses of both the coatings and their products indicate that
oontinual use of same of these rods might possibly lead to complicatioms.

Most of the arc welding at our affiliated plants is done with #5 Fleetweld
. ed elect~odes which come in two sizes (5/32" and 3/16") and ‘with General Elec-
c W-20 5/32“ coated rods. Other rods sometimes used are 34 Stainweld Xa»S alloy
g rod, 5/32" Stainweld A rods for stainless steel, and Murex Nickel Steel coat-
Among the constituents of some of these electrodes coatings are:

Per Cent,
Coated Electrode Brand Si02 Fluorine Calcium [luoride
 "rleetweld”, Lincoln Electric Coievvens.s. 30,28 - -
P "Murex'. American Metal & Thermite Co.....28,05 - -
. "USS Cr-Ni 18-8", Amer,Steel & Wire Co....37.20 - 14,50
& "Stainweld", Lincoln Electric Cov.vvvv....12,101 21,20 43,50
2 - "Rezistal K-A-ZS", Crucible Steel Co......24,03 13,40 present

* All of the above coa.tings also contain Iron Oxide (Fep03) Manganese Oxiie,
2% either Mn203 or MnO or both, and Aluminum Oxide (A1203), in varying per-
* centages, -

. }:4%83 = The composition of the fluxes or coatings used in G & E types W=-20, W--22 and
f %23 is not available, but it is known that they contain amounts of free silicates
and free silice. According to determinations made by the General Electric Compeny,
the maximum concentration of free silica on any of their electrodes umder a particular
* get of conditions is 1,575,000 particles per cublic foot of air with W-20, 778,000
with W=-22, and 1,093,000 with W-23 under other conditions the concentrations might be
‘I higher or lower than those given. The maximum permissible concentration as listed
§ vy the Metropolitan Life Insurance Cempany is 7,000,000 pe.r’clcles per cubic foot of
lira -~

1%
1T Coatimgs also contain cotton fiber, cellulose, or other organic pulp which
I oreates fumes, but since we are only concerned with dust in this study all fume pro-

., duoing materials will receive no further ccnsidera:"ion.
e

A= Welding oorrosion-resisting steel with coated corrosion-resisting steel elec=
'c;'odes forms a slag, among the major comstituents of which are:
J ?‘—' "Stainweld" USS CR-Ni 18-8 "Rezistal®
2 Tluorine (F).....cevveenivnerenninnnnee 1led%.iennes 606%urnnnsns..14,9%
:‘ °'Silica (SiOZ)..«. ................. soee 25.1%........38.5%-..........13.-35:
—#€ Iron, Chromium and Manganese Oxides... 22.3% .......24.2% veveenn.. 15.2%
':% Calefium Oxide (GBO). ... .oussennn.. eee B500T%ereaeeeaBe0% avennnnses 264 %

The major constituents of dusts separated from atmosphere by gravity and col-
lected from the bottoms of welding chambers after welding corrosion-resisting steel
plates with coated corrosion-resist ting steel welding rods are:




.

gilica (s10 Yeuus
praloium Fluoride (CaF Jovererenn.
ogddeﬂ of Iron, Aluminum and Nickel, 30,2% ........ 52.1%

|

“-dl-
"Stainweld" USS CR-1!1 18-8 "Xezistal”
ll.o%’.."'... 19.6% e ¢ 8 & @ o0 10.0%
vee 4005% eiienee 11047 tunen. 23, 4%
ve .. 28,8%

" phe following i1s an interesting comparison between the ceompositions of dust
men using bare mild steel electrodes and when using coated electrodes for

B a Bare Electrodes Coeted Electrodes

ran % Zn0 | % FepOz % Zn0 | % FegOz
"Fleetweld" 79,2 20,0 67.5 31. 8
"Wilson" 62.6 60,6 78, 8 21.5
"Murex" 60.5 40,0 72.C 28,0

.

y known as "fume fever',

wod; the effects are not curulative,
,.1di.ng operation, is considered adequate to prevent fume fever,

Yu-icus Electrio Arc Welding Operations?

 Ferrioc oxide (Fez03) which emanates from all welding arcs, regardless of the
of coating, is disagreeable but not harmful. Concentrations of iron oxide of about
ligrams per cublc meter are said to be entirely nom-injurious to the respire-

zed coa‘cing is boiled off by the heat of the welding arc, causes what is com-

This is evidenced by nausea followed by chills and une
i’g'sa.nt fever., The fume fever does no lasting harm except after prolonged exposure,

Ordinary ventilation. which is necessary in amy

- What Is The Amount And What Are The Characteristics of Dust Produced By The

-9

FOME, OR DUST PRODUCED BY ARC WELDING

There is a wide variation in the amount and
ehmcter of dus% pr produced by different types of rods on different materials under
dfferent operating conditions

=
=

v——'b

_Ha.teria.l Being | Electrode | Size of Particles Characteristics of Dust

2 Welded Used Electrode { Per cuw, ft, | Particles, (Sizes and Per-
= centages Estimated)

Rivets inside | G~E W=20 5/32" 20,050,560 | About 98% angular crystal-
Cross Coil Coated line, 5 microns or less in
Drum, size; 2% rounded semi-cpaque,
& 10 micrors or more in size,
Mild Steel G-E W=20 5/32" | 14,839,680 | About 807 rownd black or red-
Blanks Inside Coated ' dishbrovm specks, 1 microns or
Bopth. less in size; 20% slightly angu~
& lar crystalline, 10 micromns or
=3 less but mostly about Smicrons
B and large number reddish brown
z specks too small and numerous
te cownt,
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FUik OR DUST PRODUCED BY ARC WELDING (Continued)

weld
Coated

o rial Being Electrode | Size of Particles Characteristics of Dust
' b;elded Used | Electrode |Per cw, f£t. | Particles. (Sizes and Per-
35 % centages Estimated)
1F 4" Boiler -'5 TFleet- 5/32" |11,441,280 | About 80%angular crystalline,

: ’, te Inside weld ) 3 micronsor less in size;
SHE-" Coated 104 round semi-opaque, 10

2 microns or more in size; 10%

; opaque scale like, 10 mi-
+ crons or less in size., Count-
4, less number of minute par-
i ticles, reddish brown smudge.

1/4" 1iild 5 Fleel- 3/16" 19,861,793 Avout 95 angular crystal-
- Tael Expan— weld line, 3 microns or less in
.;.- Pion Joint In- | Coatéd size; 5% rounded semi-~opague,
i1-1de Booth. 10 microns or less. Count~
3 T less number of particles
4’ reddish browa smudge.

45
: i 2" Rolled #5 Fleet— - 3/16" 2,265,600 | All particles 5 microns or
teel weld less in size; about 103
5,000# per Coated angular semi-opague,
G in. Tensile ~
- ~ ength) In-
side 6+Foot
s, drumnear
ead of closed
nd,
t@lelding Flange | Murex 3/32" 2,756,480 | All particles 2 microns or
o 4" Steel Coated less in size; slightly
Nine Pipe, In- angular, glass-like; dark
gside Booth. grey smudge,
/8" Boilé; #5 Fleet- 5/32" 490,880 About 75% round, metalliic
Plate Inside weld opaque, § microns in size;
Coated 25% semi-opaque, crystal-
line. Countless number of
minute particles
#5 Fleet- 5/32" 6,456,960 About 907 sharply angular

crystalline, about 1 micron
or less in size; 10%
rounded semi~opagque, 5 mi-
crons or more, Countless
number of minute particles,
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FUME OR DUST PRODUCED BY ARC WELDING (Continued)

.1 Being
o * olded

Electrode
Used

Size of
Electrode

Particles
Per cu, ft,

Charecteristics of Dust
Particles, (Sizes and Per-
centages Estimated)

Stainweld
A .
Coated

5/32"

849,600

About 60% slightly angular
semi-opaque, Smicrons or
less in size; 20% rowunded,
over 10 microns; 20%

very glass-like, 10 mia-
crons or 1less,

\ 4
:._ Boiler

. te to 6"

G-E W20
Coated

3/1ls"

23,222,400

About 80% semi-opaque, red-
dish brownrownded, crystal-
line, S microns or less; 207
round globules of metal 5
microns or more in size,
Countless number of small
particles,

Roebling
Iron
Rod

5/32"

26,592,480

About 90% black opaque, 1
micronor less in size; 5%
rounded metallic glotular,

5 microns or less; 5% slight-
ly angular, semi-opagque,
crystalline, 3 microns or
less, Countless mmber red-
dish brown particles.:

fFa0x Welding
¥Ifa Flange on

6% Standard

£i¥Pipe in Out-
{fside Welding

Shop.

Fleetweld
#7

Coated

5/32"

362,496

About 957 black opaque
metallic, 2 microns or
less; 5% angular crystalline,
5 microns or less. Coumt-
less number of reddish

brown particles,

20k Welddng

#ﬁ
Coated

Fleetweld

5/32"

1,000,640

About 95% black opaque
metallic, 2 microns or
less; 5% anguler crysta-
Jline, Smicrons or less.
Countless number of
black particles.

Welding Riv-
ets Inside
Cracking

4£Coil Vapor=

izer (Mild
: Steel Alumi~

%pum Coated).

Fleetweld
#7

Coated

5/32"

6,253,056

About 95% angular crystal-
line, S5 microns or less,
mostly arownd 2 microns;5%
semi-opagque, round, 5 mi-
crons, Countless number of
black particles,

‘ﬂmﬂﬁﬂﬁﬁﬂffﬂ:mwmmu
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FME OR DUST PRODUCED BY ARC WELDING (Continued)

jel Being Electrode | Size of Particles Characteristics of Dust
rlded Used Electrode | Per cu. ft.| Particles. (Sizes and Per-
B centages Estimated)

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

» Mild #7 microns, 70% rowmd, opague;

5. Boiler Coated 30% slightly angular, crystal-

WPrie line, Countless number of

=" 3 Booth. black particles, reddish
Y brown smudge,

B steel Stalnweld 5/32" | 2,605,440 | All particles black opague,
"pPlates A 2 microns or less in si:ze,
ide Booth. Coated A

S Steel Stainweld 5/32" | 12,460,800 | About 80% angular opague, 2
A microns or less; 20% slight-
Coated ' ly angular crystalline, 5

microns or less. Cowntless
nucber black particles,
brownish grey smudge,

‘ The U.S.Navy recently conducted scme extensive tests with coated elecirodes,

.'h ‘ound that the guantity of dust or fumes developed while welding on galvanized

1 plate was greater than when bare stesl plates were used and the dust remain-

95 suspension for far longer periods of time, It was also found that the

rerago size of the dust particles was 0.27 microns and that there were 130,000 par-

. es,\;p.der four microns diameter per cubioc centimeter. Quoting the Navy report:
*I‘b is apparent that considerable quantities of dust are found in any arc

i welding operation. The dust formed when operating on plain mild steel-

or corrosion resisting steel 1s largely derived from the flux coating om

the electrodes, as is showz by the composi’cion of these dusts",

-.
l

. - What mxysiological Effect on Welders is Produoed ’g_y The Use of.‘ Coated
(Hleotrodes. “According to a study “made by Doctors A.T, Doig “and A P.G. McLaugnlin
o lungs of Electric Arc Welders (Lancet - V.20; 771 - 775 (April 4, 1936)), defi-
te pulmonary lesions which gave rise to striking X-rsy changes in the appearance
pf the lungs were found in welders which had breathed +he dust or fume froem coated
“slectrodes. Quoting Doctors Doig and McLaughlin:

o= "The electrodes or welding rods which contain a core of metal and an
- & outer covering are consumed graduaslly by the heat generated (about 1500°C, )
during the welding operation, The metal in +the core of the rod becomes
molten and, assisted by the flux contained in the covering, spreads over
. the surface of the metal which is being welded. The fume is therefore made
5+ Up of the volatilized constituents of the coverings of the rods together

= with fine particles of oxidized metal, usually in the form of iron oxides,
- In addition the fumes probably contain gases such as nitrogen peroxide and
ozone which are formed by the action of an electric spark on the air. The
camposition of the covermgs of the electrodes or welding rods becomes, in
the circumstances, a matter of some importance. Many substances, all of
wiiich we do not propose to enumerate, are used. The basis of the majority
of the coverin ngs is sodium silicate which acts as a flux. Again, the

. at o ———— —
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e coverings of a certein type of electrode contain asbestos. The rods are
" sometimes dipped in a mixture containing powdered asbestos and sodium sili-

S opte, or asbestos yarn is wound round the rod and fixed by sodium silicate,

_i* In some cases the asbestos completely covers the rods, and in others it is
88 merely a cord which is wound spirally about the rod.

"The composition of the fiumes arising from electric welding electrodes

E- has not yet been fully investigated. Mr., L,C, McNair, H.,M, Engineering In-

spector of Factories, has however had partial analysls made of the fumes

¥ ovolved from an asbestos-covered electrode and some asbestos fibres were

. found. When the particulate matter of the fumes was collected in an Owen's
s Just~counter, it was seen that a large proportion consisted of iron oxide

= particles, with an occasional asbestos fibre.

"The X~-ray appearances in the well-marked cases differ from the usual

" picture of asbestosis. In none of the positive cases and in only one of

'%3 the suspicious cases was there any blurring of the diaphragmatic shadow,

and in no case was the heart outlined blurred, The line of the interlo-

; ;2 bar septum (a feature present in a number of films of cases of asbestosis)

!

is seen in only one positive case, The opacities in the films are not ac-
centuated at the bases of the lungs, but on the contrary the upper lung
fields appear to be the earliest, and in established cases, most markedly
affected. Before asbestosis can be eliminated from the differential
diagnosis it must be remembered that the asbestos fibres are being subjected
to intense heat and are not in the same physical state as the fibres which

- are inhaled by workers in an asbestos factory., It is possible that a

typical picture of asbestosis might be produced by the inhalation of alter-

" . ed asbestos, Merewether. says that = f'the radiographic appearances of the

developed or advanced states of asbestosis are distinctive, although they
are not specific, While, as is the case with silicosis, certain radio

- graphic appearances may be looked upon as typlcal of the disease, frequent=
" 'ly modifications of and departure from the typical picture occur!, The

X-ray appearances in our cases most closely resemble those of a fine sili-
oosls, but the clinical features show two important differences, the
first place, the electric welders whom we examined are all in good health
and are fit to works The only symptoms observed were slight cough and
morning expectoration, and in the first case a small haemoptysis occurred.
This man has not been away from work even for a dey since he was first
seen in Jume, 1933, and his health at the present time is good. None of
the meX suffers from dyspnaea. Secondly none of them has concomitant
pulmonary tuberculosis,

"Miliary tuberculosis can be ruled out of the differential diagno-
8ls for eclinical reasons, and to same extent on the radiological appear=
ances, None of the cases shows the dyspnaea, cyanosis, and tachycardia
of acute or subacute miliary tuberculosls. Chronic or healed miliary
tuberculosis is rare and it is difficult to imagine that a condition of
such rarity would be found in 6 out of one group of 16 men. In the
X-ray films of the welders! chests the fine opacities are irregular in

" size and shape, whereas in miliary tuberculosis of the lung the shadows

are more uniform.

§

"A further possible explanation of the X-ray sppearances in this
series of cases is that the inhalation of small quantities of ni%rous
fumes together with the superadded effect of fine iron oxide dust migh%
set up small areas of chronic inflamratory change, conrestion, or fi-
trogis in the lungs. Again. the iron oxide particles might be opague
vo the X~rays and produce the picture without the associated presence
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Oxy._p CETYLENE

LDIUG:

o jable or prac*lcal.

°¥

#4 Noviweld
r- sonsidera

1\

b

lens,

. 3. . .
61' fivrosis and congestion,

Y

Oxy-acetylene welding is more or less confined to
”;—é?pgir Jobs or to certain emergency operations where arc welding is not
Exposure of men doing welding is more or less irregu-
< They usually wear American Optical Company or Wilison Welding Goggles
The amount of dust produced by oxy-acetylene welding
bly less than that caused by the use of coated electrodes in arc
dins: and varies considerably with the style tip and welding rod being
ed as well as the material welded, as 1s shown by the following table:

[}

DUST PRODUCED BY QXY~ACETYLENE WELDING

5% 't erial Being | Welding Rod | Tip Used Particles Per | Characteristics of Dust
b welded Cuw Ft. Particles (Sizes and Per-
.i : centages Estimated)

; alvanized Norvey Airco 396,480 About 70% s1ightly angular,
b Hood 5/32" #4 semi-opague, greyish, 5 mi-
¥ 3ing Shop. crons or less; 20% rounded
i semi-opaque, greyish crys-
f talline, 10 microns ormore;
p 10% amorphous, scale~like;
HY 10 microns or more in size,

4

; 3 4" x 2" Bar | Oxweld cop- | Airco 509,760 About 80% black opaque, 1
;; b Fon, Welding | perized #8 - micronor less in size;about
i shop. steel 3/16" 20% rounded, crystalline;

43 5 micronsor less in size,

H _i /2" Boiler Oxweld cop- | Oxweld 1,019,520 About 80% round, sgmi-ope.que,,
flate, Sof't perized #6 | 5 microns or less insize;
s-beel Welde steel 1/8" 104 angular crys<alline,
ing Shor. Cowmtless mmber of small
A black particles,

Oxweld cop- | Oxweld 1,359, 360. About 80% rownded, semi- ’

perized #6 ' opaque, dark zrey, 1 micron

steel, or less insize; 10% slightly

1/8" angular crystalline, 3mi-
crons or less; 10% sharply
angular erystalline, 5 mi
crons or less; countless
number of small dark grey
particles,

ﬁelding Teeth | Simmons Saw | Aero- 1,472,640 About 98% round black opague,
: ?Bn Band Saw. Welding plane about 1 micron orless in
& Rod., 3/64" |#2 size; 2% slightly angular,

. crystalline, 3 microns or

g' less in size,

BE— BURNING OR CUTTING OPERATIONS:
=

t—l

WITH OXY-ACSTYLENE:

oA e

The oxy-acetylene torch is used bdoth in the gomstruction
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e demolition of process equipment and works structures. It also plays

'1mportant part in emergency and rescue work., Goggles with shade #5 Hovi-

.d 1ens are provided and their use is required. At the larger plants men

o an average service credit of six years spend about three-fourths of

oir working time on cutting or burning operations (about half their time

Bl er 4 on to "burning steel" for new constructiorn), The amount of dust pro-
>l 4 is usually greater than that caused by oxy-acetylene welding.

P th

DUST PRODUCED BY OXY-ACETYLENE BURNING

i ;erial Being Particles | Characteristics of Dust Particles
- Burned Tip Used | per cw ft. | (Sizes and Percentages Estimated)

purning 6" Oxweld 1,869,120 | About 75% rowund black, 2 microns
2 flues (1-1/2" #2 or less in size; 20% slightly

: -{;hick) Oout of angular, crystalline, 2 microns
Shell Still. or less; 5% opaque, scale-like,
& various sizes,

21/2" Boiler Oxweld |2,718,720 | About 90% semi-opaque, bdblack, 2
- Plate (soft #4 microns or less 10% round, dark
= gteel) grey, over 5 microns in size,

.'2.’- WITH NATURAL GAS: A large part of the burning or cutting at one of the

1grger southern refineries is done with oxygen and naturul gas (SO pounds

w4 per square inch pressure), A special torch with a 1/16" x 5/16" tip made in

sl the refinery shops is used. Two men with an average service of thirteen

FE¥ years spend a major portion of their working time~on this natural gas. They

-Egwear goggles with #/5 shade Noviweld lens, Samples taken while burning holes
%t in 3" standard pipe in the yard outside of welding shop with oxygen and natu-
"] B ral gas~had a concentration of 471,811 particles, ten microns or less in size,
] s per cubic foot. About 75% of these particles were slightly angular crystal-

3 line in appearance under the Konimeter microscope, and were five microns or
- ;gleas in size; 25% were rough scale-like, opaque, ten microns or less in size,
‘] 3t There were also many minute particles.

l“A

% » HEALTH HAZARDS PRODUCED BY WELDING AND BURNING OPERATIONS:Although our
jgr study was confined to the fumes or dust prodused by Welding and Cutting opera-
i@ tion the bossibility of lead poisoning from welding or cutting iron plates

Z that have been previously coated with red lead shouvld be pointed out. Lead
71 £ poisoning frem this source is rather common, especially in cutting up old
}i; sorap, bridges, tanks, and other iron structures that have through many years
4% of use received protective coatings of red lead. The action of the flame
& wolatilizes this lead material and creates a smoke that is polisonous, -The
same hazard exists in cutting out rivets in new structures.
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It should also be pointed out that same of the weldirg rods contain

1: manganese which is very poisonous when taken into the body. There is an ap-

3 parent harard from volatilizing this material, or rather changing it to tho

“ oxide of manganese, and dbreathing the fumes produced. There are further dangers
= from carbon monoxide and oxygen deficiency owing to the use of gas-cutting or
welding flames inside small tanks or similar confined spaces.

It is becoming more and more recognized that persons engaged in cutting
and welding operations, either by arc or flame, should have respiratory protec-
4 tion, in all work where there is a possibility of the workmen breachiing IJumes
and dusts created,
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VI - GRINDING OPERATIONS

Power grinders are perhaps the most wiversally used of the small power-
b en tools. The usual power grinder, commonly known as the emery wheel, consists
yari? cast metal stand and two abrasive wheels mounted on a through shaft wiich is
Isener belt or motor driven, There are also several grinding wheels, such as are
1% 4 on machine tool equipment where grinding takes the place of lathe and planer
3“?2. All grinding operations produce dust to a greater or lesser degree, depending

——~r-
»

5!eth9 composition and construction of the wheel, the material being ground and the
fwzmilation or exhsust hoods provided.

S What is the Camposition of Grinding Wheels? Grinding wheels are made of
= ither bauxite which is mined, or silicon carbide which is made by heating a mix-
9$‘5 of quartz sand, coke and common salt in an electric furnace. The bawxite or

:iiicon carbide are crushed to the desired grain size, mixed with an adhesive sub=
‘Tgtance called a bond, and formed into wheels, discs, cones or cylinders. There are

"~ gany wheels in which the binder is shellac, rubber, bakelite and other organic com-

“pounds. Bauxite wheels are known in the shop as "Alundur"” and "Aloxite", while
silicon carbide wheels are known as "Crystolon" and "Carborundwm". Alundum vwheels
'should be used on material of low tensile strengths such as cast iron, brass, alumi-

“aum, copper and marble,
&

;, Is Abrasive Dust Harmful? According to Dr. W. Irving Clark in a peper read
3t o meeting of Govermment Officials in Industry (Boston - May 21, 1931) the artifi-
eal abrasives, aluminum oxide and silicon carbide do not contain free silica and
‘their dust cannot produce silicosis. The dust, like any other inorganic dust, can,
“however, if breathed for a long period of time in large quantities, produce an X-ray
‘picture similar to that of early silicosis. This picture ohanges very slightly as
_years of exposure increase, and at no time are the nodules, characteristic of sili-
cosis, evident., TUnlike silicosis, there is no progress in the process after expo~
_sure ceases and there appears to be no marked physical disability. Although there
is no silicosis, the X~rays do show signs of pneumoconiosis.

e Carborundum dust, chemically, is silicon carbide. According to Miller and

. 3ayers (U.S.Pub, Health Rep. Vol. 49 #3 of Jan. 19, 1934) carborundum dust when in-
Jjected into the peritoneal cavity of guinea pizs preduced no reaction and was termed

Mnert", Dusts such as quartz and flint - silicosis producing dusts - produced a

" proliferadive reaction. ’

e

= Leroy U. Gardner (U.S,Pub,Health Rep. Vol. SO #21 of May 24, 1835) reports
_that carborundum produces practically no reaction when inhaled by guinea pigs in
-high concentrations over a period of time, Quoting from Dr. Gerdner's article, the

“part pertaining to carborundum dusts

"The dust which does reach the tracheobranchial lymph nodes apparent-
ly lacks the proper physiochemical properties to stimulate amy but a very
slight proliferation of connective tissue. In the lungs, there is prace

7°  tically no fibrosis."

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

ficial abrasives:

"Only silica (Si02) is capabdle of inducing silicosis, but any other
mineral dust under conditions of prolonged and gross exposwre may cause
some increase in pulmonary fibrosis. If the relative potentisl harm of
silica is rated as 100, these other non~toxic mineral dusts may be rated
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} “.nly on the order of § or 10."

Despite this comparatively low rating of harmfulness of these dusts it is
~rally considered advisable to use dust hoods and exhausts wherever practical as
‘}m s 1s clinical evidence that workers exposed to heavy concentrations of dust of
) tind are more liable to develop diseases affecting the nose, throat and chest
the winter months than those not exposed to dust. Dr. Clark believes that
F‘reffor‘b should be made to keep the dust count below twenty million particles of

¢ than ten micromns per cubic foot of air,

l-’!.;'“ﬂ
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| 17 What are the lMore Frequently Used Types of Grinders, the Quantity and Charscter
t the “Dust They Produce? The grinders most commonly found in the ref 1ner1es and as~

c——

1a.tod activities are:

8 Ve

:‘"".{;5}4

j - A =~ TANDEM FLOOR TOQ GRINDERS: Tandem floor tool grinders, the most re-

" Lyently used type, are in most cases motor-driven and operate at a speed of fram
,450 to 1850 RFM. The type of wheel or grinding media selected depends upon ‘the ma-
. .,,nl to be ground, Generally speaking, the wheels found in most of the machine
shops and wood working shops around our refineries used:

i 1-1/2" x 10" Norton Alundwum (Grade P, Grit 46) wheels for
] " sharpening tools and for general service grinding.

1-1/2" to 3" x 14" Carborumdum wheels for miscellaneous
grinding,

3" x 16" Carborundum (Grit 30, Grade X) wheels for grind-
ing la.‘che and other machine tools,

mn‘ﬁfﬂ“ ‘hnh '{( |

sanetimes two different wheels are used on tandem tool grinders; for example, a 2" x
14" grain 24, grade Q Norton Alundum vitrified wheel on one side and a 2" x 14" grain

4.4, grade M Alundum wheel on the other side,

- The amount of dust produced by the operation of tandem tool grinders depends
]= primarily upon the composition of the wheel and the hardness and character of the
otject being ground, Theoretically, the operating speed and the pressure should
also be determining factors, dbut these were not studied. The following are average
~1} dust counts sf particles ten miocrons or less per ocubic foot in samples taken in the
J breathing ztne of the person using the grinder during the grindirg of various ob-
jeots on various wheels of tandem floor grinders:

: Particles per
& Operation o cubic foot

—

Grinding Cast Ironm om 2" x 12" Aloxite (46M Gri'b) Wheel......... 11,648,960

" a Steel Sleeve om a 1/2" x 10" Carborundum Wheel....... 8,127,840
" " Eard Steel Chisel om a 5/8" x 8-1/2" Alundum Wheel... 7,476,480
- " " " "M oy/2" x 10" Carborundum &heel. 1,67C, 880
S " n " n ] n o on 3/4:1 x 10" " .. 904, 240

’ " " Pneumatic Tool Steel Chisel om a 3-1/2" x14" Nortom
| Aluwndum (3838 = 0,5B) Wheel..veivevrvosevscanocenanne 1,869,120
| " " Chisel Bar on the same wheel (3836 ~ 0,53 Alumduwm)... 4,134,720

: " " Tool Steel Chisel on a 1" x 10" Carborundum (Grain

46M) Wheel.v.cvve v inennnn Creeeetieaeirii s 2,594,112
| " Tool Steel on a 2" x 14" Alundum (24 grain,grade Q) Wheel 383,480
J " 1t n o on 1 " (44 n 1 M) 1" 1, 012,520
" a Lathe Tool on a 1/2" x 12" " (Grade P) Wheel...... . 338,840
" wooomonom " moo( % R) " ... 1,331,040

|
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Operation (Continued)

Particles per
cubic foot

crinding a Lathe Tocl on a 3" x 168" Carborundum (grit 30, grade X)
" Mild Steel on & 1-1/2" x 10" Alundum Wheel.........

" Steel Dies on a 3" x 14" Carborundum Wheel....
" Squaring Shear Blades on a 1-1/2" x16" CarborundumWheel.

Dust Produced By Operation of Tandem Floor Grinders.’

362,496
8,655,200
56,640
2,577,120

Wheel........

o v e s 0 v a0 .

As would be expected,

there

= meter microscope.

These examples

is a wide variation in the appearance of the dust particles under the Xoni-
however. will give an idea of the characteristics

= £ the dust produced during the operatlon of Tandem Floor Grinders:

et

7% | Material Being Size of Characteristics of Dust Particles.
T Ground b Wheel Type of Wheel | (Sizes and Percentages Estimated)
: g
] é’ 1" ox 3" Mild 1-1/2“ x 10" | Alundum About 70% angular crystalline, 5
‘ & | steel Bar (Grit 48, microns or less in size; 30% me-
Fl Grade P) tallic shreds; 10% white opaque,
4 = slightly angular, over 10 microns;
g 3 _ many smell black specks,
: ﬁg Tool Steel 2" x 14" Alundum vit- | About 90% angular crystalline, 2
1 i rified (Grit~ | microns or less in size; 1
13 44,Grade M) opague, 1 micron or less insize,
] f Tool Steel 2" x 14" Alundum vite About 60% round, semi-opague, 10
' ¥ | (Same ma= rified (Grit | microns or less in size; 40%
> | terial as 24, Grade Q) angular opaque, 5 microns or less
] = | avove) . in size.
3 | Lathe Tool 3" x 16"  |Carborundwm | About 75% round, crystalline, 5
b & (6rit 30 microns in size; 25% slightly
j z .o » Grade X) | angular, , o
. | Chisel 3ar 2-1/2 x14" |Alundum About 70% slightly angular, 3
] i (3836-0, 5B) microns in size; 30% black,
: opague, metallic,
] Pneunmatic 2-1/2" x 14" | Alundum About 98% rownd, black. opague,
-] Hand Tool (3836-0, 5B) one micron or less in size.
- | Steel
J - Chisel
Lathe Tool 1-1/2" x12" [Alundum About 50% angular crystalline,
(Grade P) 2 microns or less in size; 50%
! ¢ round, black, metallic, 1 mi.
cron or less in size,
) Lathe Tocl 1-1/ "x12" [Alundum About 75% angular srystalline,
J (Same ag . (Grade R) 2 microrns or less in size; 25%
above) rouxnd, black, metallic, 1 mia- '
1 cron or less in si:e, j
1 }
1 ,L {
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DUST FRODUCED BY TANDEM FLOCR GRINDERS (Concluded)

- taria-l Being Size of Characteristics of Dust "art:c’ es.
,_ Ground Wheel Type of Wheel (Sizes and Percentages Cstimated)
2" x 12" | Aloxrite About 8577 sharply a.ngular crys-
(Grit 48, talline, 5 microns or less; 10%
Grade M) rounded anzular crystalline, over

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

“ha.rd" wheels are used for grinding soft cast steel, about 98% of the dust par-
are metallio and less than one-half micron in size,

§ With the exception of a very small number of men who devote about 95% of

i working time to actual grinding, there is a very wide variatiorn in the number
sen exposed and the length of such exposure to dust produced by the operation of
em floor tool grinders. In only ore case was a respirator worn. Goggles have
F‘“ provided and thelr use required in most cases.,

‘ B = TANDEM BENCH GRINDERS: These grinders are small in size and are used for
rpening small tools and light grinding. They are &1l motor-driven and operate at
ut 3400 R, P.M, Different grade wheels are used, usually 1-1/8" x 8" Carborundum
in #80) on one side, and on the other & 1™ x 8" farborundum (Grain #90), The
unt of dust produwced by the operation of tandem bench zrinders varies with thema-
1;1 being ground and the composition of the wheel, but these avera.go dust counts
- fairly representative:

ﬁﬂil:

; Operation Particles per cu. f't.
Grinding Cold Chisel on 1-1/8" Grain #80 Carborundum wheel.... 5,909,440

i "1" x 8" " 90 " ..es 8,401,600
o 1/2" Boiler Plate on 1" x 8"#90 " "‘ «e.. 12,460,800
;oo Eard Steel Chisel on 5/8" xs-l/z" Alundum

“.i' | .o (Grain 46 Grade P)o-.o:a-co-oooo.-ataunocooc 7,476,480

E-3

.

Dust particles in samples taken during the operaticm of the tandem bench
krinder have the following characteristics:

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

Medium Steel |1-1/2"x8" | Carborundum About 75% slightly angular crys-
Cold Chisel (#80 Grain) talline, 5 microns or less in

H.; size; 20% rownd opague, metallic,
i one micron or less; 5% semi-
' opaque, over 10 microns and look

like chips of glass.,

Yedium Steel 1" x 8" Carborundum About 80% round opaque, 2 microns
Cold Chisel (#90 Grain) or less in size; 20% sligntly angu-
(Same tool as lar crystalline, 5 microns cr

| Above) less in size,

ANSSE SRR EREREREREEEDEDESEEEEEE.
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DUST PRCCUCED BY TANDEM BENCH GRINZZIS (Copgluded)

. Material Being Size of Characteristics of [ust Particles,
- Ground Wheel Type of Wheel (Sizes and Percentages Tstimated)
¥ S — : v -

1 1/2" soft 1" x 8" Carborundum About 90% round, tlack, metallic,
gteel Boiler (#90 Grain) 2 microns or less in size; 10%
plate (Taking 8lightly angular crystalline, §
off rough microns or less in size,

- edges)

- 3
%1 gard Steel 5/8" x Alundum About 85% round, bdlack opaque, 2
Chisel 8-1/?" (Grain 46, microns or less in size; 15%
: Grade P) rounded crystalline, 10 microns
or over.

v C - SINGLE FLOOR TOOL GRINDERS: There are only a few single floor grinders
32 yn use. CThey fange in size from 1" x 10" motor-driven (1750 RFM) to 2-1/2" x 20"
éﬁbelt—driven (1250 RPM). The larger size ig used for heavy grinding such as blanks
5 and large tools; the smaller sizes for sharpening tools and miscellaneous grind-
The wheel on the large grinder is Carborundum (#9C Grain), For the smaller

3 ing.
;igize class Grain 46, Grade M Carborundum wheels are used on the 1" x 10" and Grain
2 04, Grade Q Alundum wheels in the 1-1/2" x 14" size, Samples taken during the opera-

tion of Single Floor Grinders had dust counts as follows:

Particles ver cu, %,

QOperation
| Grinding Tool Steel on 1~1/2" x 14" Alundum Wheel
(Grain 24, Grade Q)ue..eveserssnsnes 679,680
" Chisel on 1" x 10" Carborimdum Wheel
2,594,112

(Grain 46, Grade M)esveovsecocenoens

" 1/2" x 4" Mild Steel Bar on 2-1/2 x 20"
Carborundum Wheel (Grain 90)........ 4,451,904

he hoods which almost completely enclose these wheels act as practical dust collec.

¥ Tors.

qul&#’m}y‘zum?ﬁ,_ LB M

Dust particles produced by the foregoiﬁg grinding had these characteridtics
vhen examined wmder the Konimster microscope:

——

Charscteristics of Dust Particles.

Material Being Size of
Ground Wheel | Type of Wheel (Sizes arnd Percentages Estimated)
Bard Steel 1-1/2" x Alundum All particles were 2 micromns or
Tool Bit 14" (Grain 24, less in sirze, About §0% were an-
Grade Q) gular crys+alline; 40% were
rounded opequse,
1/4" x 2" Mild {1" x lO" Carborundum | About 98%were black opaque, 2 mi-
Steel 3Bar (Grain 46, crons or less in size; 2% slightl
Grade M) angular,5 microng or less in size.

Avout 85% were slightly angular
crystalline, 5 microns or less i
sizej;about 15% black semi-opague,
anguiar metallic, 2 microms or

1/2%x4" Mild 2-1/2"x20" Carborundum
teel Bar (Grain 90)

less in size,
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D ~ TNIVERSAL GRIVDERS: As the name would indicate, wmiversal grinders are
;ed for a wide variety of purposes and therefore are in more continuous opera-

,jon than are the other grinders, with the exception of the tandem floor tool grind-
'ﬁ- There are two types or makes, the Brown & Sharpe Universal Grinder which has
h'oper&ting speed of 3750 RPM. and the Grand Rapids Universal Grinder which

w;rates at adbout 3850 RPN, The following abrasive wheels are used:

1/2" x 5" Norton Co. 3846 J 5B Alundum wheel for grinding

hardened carbon tool steel,

1/2" x 7" Norton Co. 3846 I 8B Alundum wheel for grinding
high speed tool steel. 3

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

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

l" x lon" 1 " n ] n sharpening
tools, reamers, dies and drill bits.

Samples taken during the operation of the various Universal grinders had
t counts as follows:

i

‘é' R 0h

Operation Particles per cu £,

Dressing 1/2" x 7" Alundum (3846 I 83) Wheel with a
& "Diamond Point"...... Ce s esersetsatatrasatrseaescsonoataaas
. (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" Alundum Wheel
(3846 I 8B)evevevocececncesesorasnonooas 1,846,464

1,397,120

it

‘W«umﬁ

E " Hardened Carbon Tool Steel on 1/2" x 5" Alundum Wheel

& <(3846 J 5B)evseerennns cvesesrrreescanase 6,683,520

x> » Case Hardened Steel on 2" x 3-1/2" Aloxite

2 (Grit 401 = P - 25 Type 2)eccvrnn... ceee 84,960
-§§Cuxting off Tocl Steel with 1/4" x 10" Carborundum Wheel.... 1,416,000

g? - i .

= Dust particles in samples taken during the operation of Universal grinders

have these charscteristics:

*Material Being | Size of Characteristics of Dust Particles

= Ground Wheel Type of Wheel (Sizes and Percentages Estimated)

- Dressing Wheel | 1/2" x 7" | Alundum About 80% slightly angular crys-
With a (3848 I 8B) talline. Abdout 3 microns in size;
. "Diamond Point" 20% black opague, round, adout 1

* micron or less in size,

-High Speed 1/2" x 7 Alundim About 60% opaque angular, adout 2
Tool Steel (a (3845 I 83) microns or less in size; 40%

slightly angular, crystalline, §

Landis Pipe
microns or over in size,

Chaser)

1@l
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Dust perticles in samples taken during the operation of Universal zrinders
= _p these characteristics (Continued):

'{'g | .{MMR’{ “’:

N
(M;t/e;-al Being | Size of Characteristics of Dust Particles.

3 Ground Wheel Type of Wheel (Sizes and Percentages Estimated)
med car- |1/2"x5" | Aluwndum About 30% angular crystalline,

: ponated Steel (3846 J 5B) about 2 microns or less in size;

! (pipe Grip for 70% round black opaque, less than

i pipe Machine) 1 micron in size, Numerous black

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

WY e,

?‘z:;; Hardened |2" x3-1/2"| Aloxite All particles black opague, 1 mi-
¥ steel (Plung- (Grit 401-P- cron or less in size,

z'ers for Fill- 25 Type 12)

;ing Machine) .

e

) E - SURFACE GRINDERS: Surface grinders are used almost exclusively on valves
"2d dies. They are equipped with either 1/2" x 8" Norton Alundum (1946H) wheels or
1/2" x 4" to 6" Carborundum (Aloxite) wheels. No dust collectors are provided, the
dust being thrown out into the atmosphere, Samples taken during the operatior of
grface grinders had the following dust concentration (10 microns or less):

‘% Operation il Particles per cu, ft,

% Grinding Sof't Cast Steel Valve on 1/2" x 6" Carborundum
4 Aloxite Wheel..icouiveevenerennnennonnne 566,400
" Tool Steel Die on 1/2" x 8" Alundum (1946H) ’
18T 1,019,520

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

m-'n. POint"........-..o ooooooo e e s s 000 0s0 e 1’132,800

g About 70% of the particles from grinding the steel die were metsllic, 3 mi-
erons or less, whereas 98% of the particles from grinding the soft steel valve were
potallic, Manmy of the particles were too small to ldentify or count accurately.

/]

% F - LANDIS TOOL GRINDERS: Landis tool grinders are usuwally equipped with two
different types of wheels, one for side grinding and the other the ordinary tyvpe,
1-1/2" x 12" Carborundum Aloxite (Grit 40, Grade H, Bond 33) is used far genmeral
pﬁrpose grinding such as bull chisels, diamond points, cold chisels, flanges end
sorappers, The Side Grinding Type is usually a 2-1/2" x 1-1/2" x 12" Grit 46A-P
7678 Aloxite brand AA wheel used for grinding Landis dies. At one plant the wheels
of the Landis tool grinder are enclosed by hoods at the rear of each of which is
wttached a two-inch pipe connected to a three-inch pipe which discharges into a
lewer, Suction is induced by a stream of campressed air from a half-inch pipe in-
terted in the two-inch pipe just back of the hand. This arrangement acts es a sve
pion and pulls the dust away from the person using the grinder, Samples taken dur-
igg the operation of Landis ool grinders had dust concentrations as follows:




1

A

rose

-46~
{; Operation Pgrsicles per cu, %,
?Dressing 1-1/2" x 12" Aloxite Wheel (Grit 40,Grade H,
¥ Bond 33)eeecirnnerinns . 226,560

‘B (Evidently particles in the cloud of dust thrown off by

- the 2-1/2" x €" Metcalf Emery Wheel Dresser are larger

+ than 30 microns in size) '

rinding "Diamond Point" Chisel on 1-1/2" x 12" Aloxite Wheel

k
(o9 T 4

3 (Grit 40, Grade H)ieeveerrorroneeraonoronananensnnensnas .o 2,067,360
Forinding 2-1/2" x 6" Landis die on 2-1/2" x 1-1/2" x 12"
F. pAloxite Wheel (Grit 46A-P PE78)c...eeeen.... 755,203

Spic's

I Xr  Urder the Konimeter microscope dust particles in samples taken while dressing

&.!'0"1"1/2" x 12" Aloxite Wheel appeared slightly angular with a yellowish tinge and
+e five microns or less in size, About 75% of the particles from grinding the
u},dis die were round, opaque, and less than 1 micron in size; 25% were slightly
gogular crystalline, less than 2 microns. Particles from grinding the diamond point
chisel were less quartz-like than those from grinding the die. This difference is,
of course, due to diffe;'ence in the composition of the two wheels., Omn an average,
1andis tool grinders aré used about twenty hours a week, usually by different men.

_§f G.= YANKEE DRILL GRINDER: Used for grinding all types of drill bits. Has a
gide grinding type 1" x 1-1/2" x 9" Carborundum Aloxite (Grit 30, Grade M, Bond 28)
yheel, Operating speed 1735 REM. On an average a& Yankee Drill Grinder runs about
three hours & day and is used by four different men with an average service of

tmoelve years,

2‘. Samples taken during the grinding of a 2—5/16" high speed drill had an ave-
rage of 1,000,829 particles, ten microns or less, per cubic foot. About 70% of these

1 dust particles are slightly crystalline in appearance, flve microns or less in size;

]
|

.

30% were rounded, semi~opaque, over ten microns in size. There were also a few
small metallic shreds. No exhaust or dust collector is used in this grinding,
i

g

H -~ AUTQMATIC CIRCULAR SAW SHARPENING MACHINE: There are a number of these
grinders in use in the wood working operations - such as in the production of wooden
tarrels, boxes and crates - closely associated with the refining of petroleun pro-
ducts. Since they are automstic when once put in operation, there is very little
dust harzard except where no exhaust or dust collectors have been installed and the
dust produced is thrown into the filing room atmosphere. Automatic Circular Saw
Sharpening Machines are equipped with 1/4" x 8" Norton Alundum Wheels (Grain 60,
Grade N), 3/8" x 8" Norton Alundum (1946 M) wheels, or 1/2" x 6" Carborundum wheels,
The average dust produced during operation of these machires is:

Son

T Wheel Particles per cu.
< 1/2" x 6" CarborundUWm............... e, e . 1,923,280

s 1/a4" x 12¢ " e e, e R .. 3,568,320

% 3/8" x 8" Alundum (1946M)........... Ceeerercieeceesesseseaae 2,095,680

T 1/4"x8" "  (Grain 60, Grade N)....ovvnennnn cererenes 1,461,312

=2

3

. About 987 of dust particles in samples taken while sharpening circular saws
on the Carborundum wheels were black metallic in appearance, and one micron or less
in size, About 75% of the particles from the Alundum wheels were rounded crystal-
line, 5 microns or urnder in size, and 25% round black metallic, sbout oze micron or
less in size, There were a number of small metallic shreds in the samples Irom the
thicker (3/8" x 8") wheel.

I - AUTOMATIC BAND SAW GRINDER: After the Rand Saw has been inserted and the

ZARE SRR EREEREEEEEEEEDEEEENEEEE.
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ne adjusted, this grinder works automatically, The wheel ordinarily used is a

,”clglx 8" grain 50, Grade N Norton Company Alundum. The wheel is refaced or dressed
:liEh a lietcalf Emery Yheel Dresser about twice a day. The average dust produced by
7 ;s dressing operation is 2,‘284,480 perticles less than ten micror'zs per cublec foot,
?:\bout 95% of these dust particles are sharply angular crystalline in appearance

3" jer the Konimeter microscope, and aboui five microns or less in size. The dust
?’moduced during the sharpening or grinding of the band saw blade 1s on a2 average
¥le About 50% of these particles appear angular

only 877,820 particles per cubic foot.
Srystalline and about 50% round black opaque, All of them are about two microns or

1sgs in size,

'3 4 J = AUTOMATIC BAND SAW LAP GRINDER: Used to grind ends of band saw prepara-

tory to welding them together. The grinding wheel usually used is 5/8" x 10" Grain

¥46, Grade M, Norton Company Alundum. No dust collector is provided although a dust

?_’gount as high as 16,142,400 particles, ten microns or less, was found in cne sample

axen in Zront of the wheel while it was in operation. The average dust produced

Tpy this lap grinder was 4,984,320 particles per cubic foot., About 80% of these dust

.‘;"yrticles were semi-opaque, slightly anguler in appearance, and *two microns or less

'f'in size; 20% were black opague, about one micron or less in size.
% K - PLANING XNIFE BLADE GRINDER: Uses a 1/2" x 8" Grain 46, Grade N, Norton

=
_¢empany Alundum wheel, Operating speed 3000 RFM. No hood or amy other protection.

“average dust produced while sharpening a Planer Knife Blade was 566,400 particles,
~ten microns or less per cubic foot. About 60% of these dust particles were slight-
“1y angular crystalline in appearance and about two microns or less in size; 407 were
“opague of various sizes from about seven microms or less. There were a few small

?me‘ba.llic shreds,

% L - LINDERMAN CUTTER GRINDER: Sharpens vutters from the Linderman machine
Pror tongueing and grooving., Grinder uses a 1/2" x 6" Norton Alundum (Grain 60,Grade
':3{) ocup wheel, Operating speed 3000 RPM. There is a hood guard over the top of the
“grinding wheel, but no exhaust or dust collector, although dust counts as high as
14,386,560 particles, ten microns or less, were found at the front of the grinder in
“operation, and 12,574,080 particles per cubic foot in the back. The average dust -
fproduced was 9,137,920 particles per cubic foot. About 70% of these dust particles
‘are round semi-opague in appearance under the Konimeter microscope, and three mi-
:crons or less in size; 20% are round, globular like particles, seven microms or less
,in size; and 10% are metallic shreds about two microns wide and 2C to 30 micromns loag.
yThere.gre many minute crystalline particles too small and too mmerous to counat acm

- curately,
g

:r M - CANG SAW BLADE GRINDER: Uses a 5/8" x 10" Grain 50, Grade M, Norton
yCompany Alundrum wheel, operating at 1800 RFM. 'A rather crude dust collector has
.been installed, but the average dust (8,780,320 particles per cubic 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 semlw

opague in appearasnce and about two microns or less in size; 1074 were black round,
.opaque, one micron or less in size., There were numerous minute black specks too

" small to count accurately.

t

T

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

about two microns or less in size,

-4

ment,
erystalline,

' O - CIRCULAR SLAB CUT-OFF SAiW GRINDER: Uses a 3/4" x 10" Grain ¥, Norton
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:M Alundum wheel operating at 1650 RPM, A rather ineffective dust collector has
g jnstalled, dbut the average high dust concentration (10,931,521 particles per

":20 foot) shows that it is inadequate. About 80% of the cust particles in samples
X ep during the sharpening of a Circular Slab Cut-off Saw were opague in appearancs,
"gmicrons or less in size; 207 were slightly angular crystalline, five micrans or

There were also a large number of minute black opague particles,

- ——

" ;3’5 in size,

g P - "HOG KNIFE" GRINDER: Uses = 1-1/2” x 24" Carborundum wheel operating at
’RR'L This grinder is completely enclosed by & metal hood, but the dust is dis~
cI,j",-ged onto the floor through an opening in the lower part of the hood, The average
j st produced by the operation of this grinder is 1,869,120 particles per cubic
About 75% of these dust particles were angular crystalline in appearance wxzder

I e
00 . : .
! Konimeter microscope and four microuns or less in size; 25% were round, black

he '
OP;que, two microns or less in si:ze,

Y
.f" Q - CUITER GRINDER:e Uses a 3-1/2" x 2-1/2" x 1/2" Norton Alundum wheel (3846
{3 5). The amownt of dust produced depends upon the material being zround as is

shown by the following:

e

——

.:W

Grinding a steel counter sink............ 736,320 particles per cu., ft.
n n n n

" rea.mer..................1,019,520 n "

[ S
Hae AL ar

fh'e dust particles are about 98% opaque metallic in appearance and about one micron

R U

or 10ss in size,
&

i What Precautions Should Be Adopted For Safeguarding Those Who Use Grinding
} yheels? Authorities generally agree (Jour.Indust,Hyg.Vol,VII No, 8 August 1825

p 351) that workers who habitually use grindifg wheels will run but slight risk of
developing pneumoconiosis if they use certified abrasive rather than sandstonewheels
for all grinding operations and if the machines upon which the artificial abrasive
wheels are mounted are properly hooded and excessive dust removed by suction.

Control of Dust Fram Grinding, Polishing and Buffing Wheels, Zxhaust systems

J for grinding, polishing and buffing wheels vary widely in design. Iun the case of
grinding, the hoods used serve not only to provide means for capturing the dust but
11so act to'‘protect the worker in case the wheel bursts. The chief difficulty to be

J ovéroome in grinding wheels, .acocording to U, S, Public Health Bulletin No, 217, "The

) osmins

-

Deteétmination and Control of Industrial Dust" (1935), is the outward sweep of air, a
fen action, due to the revolving wheel. This effect is very marked with high speed

and rough ‘wheels and 18 so strong that in many instances it is sufficient to counter~
] act the normal iunward flow of air, The same effect exists with polishing and duffing

wheels but to a less marked degree,

; Practically all industrial States have codes regulating the construction and
i ‘dust connections for grinding, polishing and buffing wheels, They also regulate the
air required for wheels of various sizes in terms of static suction in the connect-
i ing ducts. These codes possess no umiformity., However, the requirements desiznat~
i ed by Stats codes must be followed., In States where no codes have been adopted it
is desirable to provide exhausts on all grinding wheels with 2 suction at the con-
nection to the hood sufficient to produce a difference of level of at least two

inches of water between the two sides of a U~shaped tube.

A numder of the wheels have been provided with suction exhaust produced dy a
motor driven fan or a hood, with a two-inch pipe cne exd of which is immersed iz a
bucket of water. The dust is drawn in by the rapid revolution of the wheels (1750
RPM). This simple arrangement is particularly eflective, Three samples taken zear
the discharge of a motor driven suction fan comneczed wiiz <he hood of 1-1/2" x 1C"

e e o
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plupdum (Grit 46. Grade ?) wheel while & tool was being sharpened hi\.d &3 average of
075 089 particles per cubic foot which would have otherwise been thrown into the

1‘\,ghma shop atmosphere.

2 As pointed out by Dr. . Trving Clark in his paper "Dust Hazards and the Pre-
ation of Injury from the Same" read at a meeting of Govermment Officials in Indus-

¥ a4t Boston, Mass, on May 21, 1931, the most effective method of removing fine
rticles of dust s by suction applied as close as possible to the point where they
Pae generated and the emount of this suction is great enough to overcome the dis-
-sing action upon the dust of the work being done. The velocity at the air ducts

.20 an efficient dust removing tube should be 1500 linear feet per minute. Quoting

ﬁ?. Clark:

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, non-silicous in character, a
ycarly‘physical examination with an X~ray every second year after
ten years exposure is sufficient but it must be remembered <that
this is the result of work in a factory where the character of
the dust is relatively harmless and where excellent dust remov-
ing devices are installed on every machine where it is possibdle.
Wwhere free silica is present in large quantities the examinations
should begin after two or three years exposure and an X-ray should
be taken every year,

g | "o matter how well a workman is protected he should be kept under

¥

%
i
¥
2

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

. VII - HANDLING POWDERED OR PULVERIZED MATERIAL

7

E 3 A large amount of powdered or pulverized materials ars used in the treatment
of petroleun products and boiler water and in the manufacture of greases and insec-
ticides. In most cases approved respiratory protection is provided and its use re-
quired when handling the materials. Exposure to dust is usuelly intermittent and of
shor€ duration. Among the powdered or-pulverized materials used in the refining, of
petroleum products and associated activities are:

f?'f'- LIDE: Lime is extensively used in the hydrated form and to a much lesser de-
;ree as lump quicklime,

o

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

6 g

FezosAlzoso seseseeree O. 30 pet‘ Cen‘b.
oY o I vsssaT3:.64 " "
MgCev'ivennn. ceeenaees 0,83 O A

Insoluble Silica
Residue..... .01 " "

(Remsinder mostly Moisture and Volatile Matter)

Ly WA AR

““om 150 to 380 pounds cof lime are used per batch in the manufacture of greases,



e secks of lime are usually opened and dumped into the mixing kettle. Con-
:idarabla dust (as high as 34,890,240 particles less than ten microns per cu-
plc foot in one sample) is produced by this operation. The average dust pro-
Juced 1s 4,733,305 particles per cubic foot and the average exposure per batch
‘js about five minutes. The number of batches made per week varies from one to
“ywenty-five. No respirators are worn by men dumping hydrated lime at any of
Tihe points where it is used with the exception of Baton Rouge where the wear-
zing of the MSA "Comfo" respirator is required. About 857 of the dust particles
“ipn samples taken while dumping lime in mixing kettles are slightly angular,

‘Mve microns or less in size; 15% are rounded, semi-opaque, with a metallic
#reyish color, ten microns or over, There are also a countless number of very
+gmall particles. '

!?;11ghtly opaque, crystalline, in appearance under the Konimeter microscope,and

Only a small quantity of Hydrated Lime is used in the treatment of boiler
‘peedwater, About 70 pounds of lime is mixed per batch and about six batches
~are made every day (24 hours). The mixing is done by one man on each shift,
“Although the exposure is very short, the men at Ingleside Refinery wear Willson
‘"Dust-tite" respirators while dumping lime, The average dust produced during
this operation is only 657,024 particles, ten microns or less, per cubic foot,
‘This low dust concentration is the result of a spray of water from a two inch
“pipe across the hatch of the mixing tank just below the opening while sacks are
.being dumped, Consequently, the material is wet almost as soon as the lime is
“introduced. About 95% of +the dust particles in samples taken while the lime
“wag being dumped into the mixing tank were semi-angular crystalline in-appear-
Tance, and from five microns or less in size, and 5% were round opaque, two mi-
Yorons or less in size, - :

12, ~Lump Quicklime: TUsed to "soften" boiler feedwater, The lime used for this
{purpose is Oyster Shell Lump Quicklime (97% Ca0), It comes in fifty pound
tpaper-lined burlap bags, and eight bags are usually used per batch. One batch
vis made per shift. The dumping and mixing requires about ten minutes per batch,
.and the man doing this work is protected by rubber type goggles, dbut no respi-
:rator. The average dust produced by handling the bags of lump Oyster Shell

7 Quicklime is 2,605,440 particles per cubic foot. The average dust prcduced

- while dumping the bags of lump Oyster Shell Quicklime into the mixing tank is

- 294,528 particles, less than ten micromns, per cubic foot. The handling end
;dumping of this Oyster Shell Quicklime produces less dust than is produced by

; the hydrated lime usually used. About..95% of the dust particles in samples
i.faken dwfing the dumping of Oyster Shell Quicklime into the mixing kettle ap-

i pear slightly angular, crystalline under the Konimeter microscope, and are five
: microns or less in size; 2% are round, semi-opaque, over ten microns in size;

: and 3% are dblack 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 uncovered pores of the

skin; lesions of the mucous membranes are also set up. We are told that:

"The action of quicklime is due partly to its avidity for water
(dehydration), to the heat given off in its reaction with water,
and partly to the peculiar causticity of the alkaline oxides or
alkaline earths, Quicklime exerts esserntially a local action
(on the skin and mucous membranes) irritating and caustic, which
is naturally less marked in the case of slaked lime, I[iilk of
lime is a feeble caustic acting only or the mucous membranes,
The dilute lyes are only caustic %o the skin after prolonged ac-
tion and especially wnen they are wartw.
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"In practice it is the dust of quicklime and slaked lime, given
off in the course of manufacture and manipulation, which gives
rise to the well known lesions. This very fine dust is deposit-~
ed reedily on the mucous membranes and skin. When inhaled it

may penmetrate as far as the respiratory tract."”

Although lime has a tendency to ?’.rritate the mucous membreanes of t_:he respira-
: ,;ory' tract, it is not considered particularly hazardous w{:en treathed in s;lr.all
3 .3ties at intermittent intervals, However, complications may result when a
e amoun: of the dust is breathed more or less regularly. Therefore, ii{ is

r =
1275 le to wear an approved respirator such as the MSA "Comfo" or the Willson

desi!’&b
"pust-tite”. o

% METALLIC ZINC DUST: 1lMetallic zine dust (90% through 300 mesh) is an important
:ﬁjnstituent in Pipe Thread Coating Compound. About 150C pounds of this material is
&",ed per batch, and about fifty batches are made per month. The zinc dust comes in
ggo pound wooden kegs or 500 pound steel drums. According to a chemical analysis,
thiS.Zim‘ dust is 9S. 20% metallic zinc and O.80% zinc oxide (ZnC), The particle size
yistribution of a typical sample as determined by & standard screen analysis is:

<

All through 120 mesh screen

T

3,76% retained on 200 mesh

2,044 " "o250 M
: 22, 24% b voz25 "
=r ' go & ‘/, 7%5(4/, —> Soo /

Ehe zinc dust is dumped from the keg or drum onto a metal sheet in front of the ket

tle and shoveled into the kettle by two or three mem (with an average service of
“sbout three months) from the General Lebor Depariment. This is a very dusty opera-

“fion, Ome sample taken during the shoveling of zinc dust had as high as 68,760,960

;articles per cubic foot of air the average concentration being 28,331,328 par-
ticles, less than ten microns, per cubic foot, The workmen are exposed to this dust

about thirty minutes per batch or approximately 2-1/2 hours per morth. They wear 5

dust respirators., About 957 of these dust particles are dark grey, opague, angular
in appearance under the Korimeter microscope, and about five microns or less in
size; 5% appear slightly angular, crystalline, ten microns or less in size., The
crystalline material is probably zinc oxide,

Z <+ What Phvsiological Effect is Produced by Zinc Dust? Althouvgh zinc oxide (Zn0) *
produces deffinite physiologicel effects. metalllc zinc dust does not seem to affect
the person breathing it other than that caused by the inhalation of any inert dust.
Nevertheless some investigators are of the opinion that zinc is not entirely inert
end harmless. Certainly it is not as harmful as lead or arsenic, but the United
States Fublic Health Service has certain limitations on the amownt of zine that is
permitted in drinking water., According to Nuck, E. Remy, and F. Foltzmann (Jour,

(SRS,

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

€ - ASBESTOS "TLOAT": ~Float asbestos is used in the mamufacture of tractor lubri-
cants., It comes in 150 pound cloth bags by railroad, about 2000 bags *to a car.
.From 200 to 3000 pounds are used per batch and from two to fifteen batches are made
per month, The bags of asbestos float are dumped into the mixing ketile by ihree
men with an averaze service of twelve years. These laborers are exposed to Zust
about fortv minutes per batch. Dust concentratiorn as high as 8,269,440 perticles,
ten microns or less in size, per cubic foot are produced during the dumping of as-

: : = s . . - .
. bestos float, the averare being 3,058,560 particles per cubic foot. About §8% of

these particles are slightly angular, round, transparent in appearance wmder the
. . . . . : cd h < -
Rezimeter microscope. and two microns or less in size; 2% are rouxd, semi-cpague,

———————e
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y 1ike, five miorons or over in size,

1

! Recent investigations have indicated that the inhalation of asbestos particles

aicrons or less in size is even more hazardous than was originally believed, and

.in order to prevent harmful effects concentrations should be kept below five

E§ particles (10 microns or less) per cubic foot. The physiological effects

ready been discussed under "ASBESTOSIS" so need not be given any further con-

ur%tion. Men handling asbestos float should be required to wear approved respi-
GROUND MICA: Ground mica (80 mesh) is used in the manufacture of axle gresse.
aes in 100 powund burlaep bags. About fifty pounds of grourd mica is used per
‘and an average of five batches are made per month, The period of exposure

not exceed ten minutes a batch, Handling ground mica produces an average of

1120 particles ten mlcrons or less in size, per cublc foot. About 60% of these
;les are transparent irregularly shaped scale like in appearance under +he

Agter microscope, and five microns or less in size; about 407 are over ten mi-

. in size. The trensparent plates have small lines or fissures and appear to

tn small air budbtles,

Although ground mica has never been considered a hazardous dust, scme recent

s made among the workers in North Carolina indicate that continued exposure to
fquantities of grownd mica over a period of years will produce a fibrosis, How=

there is very little probatility of any trouble where concentrations are kept
7 10,000,000 particles per cubic foot of air and where the exposure to mica dust
:;h a small percentage of the employee's working time,

SULFHUR: Sulphur flour is used for sulphurizing cutting oils and in the

ation of special lubricants for hypoid gears. Crude-suwlphwr is used in the

cture of sulphuric acid and in the treatment of gasoline and znaphtha for re-.
. of impurities such as the mercaptans.

Eghur Flour: Sulphur flour comes in paper-lined wooden barrels, 100-povnd
th bags, or 150-pound burlap bags. About 2500 pounds of this sulphur is
mped into the melting kettle by two men with an average service of twelve
s, once s day. Their exposure to the dust which results from handling
dumping the bags, an average of 1,540,608 particles, ten microns or
:88, per cublc foot, is about fifteen minutes per man per shift onan ave-
rg8. No goggles or respirators are worn. About 90% of the dust particles
samples takan during the dumping of the sulphur flour were slightly angu-
.r crystalline in appearance under the Konimeter microsecope, and five mi-
cons or less in size; 10% were semi-opaque, rounded, and over five microns
,Tsize. The larger particles appear to contain smell =ir bubbles, There
:*e also a number of very small specks,

“JAbout 370 pounds of flour sulphwr is used per batch in the preparation
a}hypoid gear lubricant. Two batches are made per week on an average,
. exposure to tlie sulphur dust is only about two hours per week on an
prage. Since the sulphur is dumped into drums of oil being agitated by
qzapidly revolving propeller type mixer more dust is produced than where
bags are simply dumped into a kettle, Samples taken during this opera-
-on had as high as 6,910,080 particles, ten microns or less in size, per
ic foot. The average was 3,783,552 particles per cubic foot. The dust
ticles had the same characteristics as those given in the preceding
.ragraph,
l
1de Sulphur: Crude sulphur comes in box cars holding about SC,000 pounds,
'u&lly from : ‘reeport, Texas. Towers are filled with this sulphur oy four
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"men with an average service of eight years. It requires about two hours to
%fill a tower with about 10,000 pounds of crude sulphur, Two towers are charg-
¥ 4 every week. Consequently, the men are exposed about four hours a week to
i ¢he sulphur dust caus ed by bresking up the lumps (4,304,640 particles, ten mi-
& .rons or less, per cublc foot) and shoveling the crude sulphur into the tower
P ,1evator (an average of 3,357,640 particles per cubic foot). The amount of
- qust produced by this operation is somewhat reduced by the steam turmed on in~

; 2 ,1de the elevator shaft to prevent dust explosions. About 60% of the dust

® ,articles in samples taken while the tower was being filled were slightly angu-

1ar crystalline in appearance under the Konimeter microscope and five microns
or less in size; 35% were rounded semi-opaque, ten microns or over in size; and.
¥ 59 were opaque scale like, between five and twelve micrans in size,

- Sulphur dust particles are explosive but otherwise are not considered hazard-
any more than any of the other "nuisance" dusts, although they will irritate the
~~ous membrenes and the eyes after slight exposure. Consequently, 1t is advis-
yble to wear rubber type goggles and approved respirators, such as the MSA Camfo

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

i

g "Intratracheal injection of sulfur suspensions bdbrings about ex~
22 cretion of hydrogem sulfide in a period of 50 hours, There are
3 slight exudative and infiltrative reactions in the lumgs. It

is supposed that a substance similar to glutathione reduces the

sulfur to hydrogem sulfide.”

;'f- LITHARGE: Litharge is added to the Plumbite or "Doctor"™ Solutiom to assist in
the removal of mercaptans, other sulphur compounds end umsaturated hydrocarbons from
gasoline and naphtha, From one to five §00-pound drums of litharge are used in a
batoh, depending upon the stook to be treated and the condition of the "Doctor So-
lution™. The litharge is removed from the drum a shovel at a time, and about fifteen
pinutes are required to dump one batch. A batch 1s made once a week on an average,
The average service of the men involved in this operation is seven years, They wear
MSA Camfo respirators with an approved lead filter and rubber type goggles. All of
the work of adding litharge is done in the opemn air on a platform at the tops of the

solution tanks,

if The &’veraga dust produced during the dumping or shoveling of litharge into

the solution tank is 3,077,480 particles, ten microns or less in size, per cubic
foot, although there were as high as 9,288,960 particles per cubic foot during the
operation. A rough estimation of this litharge concentration indicates the presence
of from five to fifteen milligrams of lead per ten cubic meters - the amount that an
average person doing moderate work would breathe in one day. This is in excess of
1.5 milligrams in-ten cubic meters which is the maximum allowable limit set by the
U‘niteq States Public Health Service. About 80% of these dust particles were.rouded,
transparent, orystalline in appearance under the Konimeter microscope, snd five mi~
orons or less in size; about 15% were over ten microns and appeared to contain small
air bubbles; 5% were dark opaque scale-like, from five to ten microns in size,

£ Necesgsary Precautionary Measures When Handling Litharge, Litharge is a com~
pound of lead, and consequently there is the possibility of lead poisoning unless a
few simple precautions are observed to prevent the entrance of lead into the body
by swallowing minute particles of the litharge dust, by inhaling the dust, or by
absorption from the skin when handling the litharge., An effort should be made %o
cause as little dust-as possible, Instructions issued by the Medical Department re-

quire that;
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No employee shall handle litharge until he has been examined
and certified as physically qualified by the Company Doctor.

Employees must be sent to the Compeny Doctor for physical ex-
amination at least every six months or at the first sign of
111 health. )

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

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

Bathing and locker facilities - A conveniently located locker
~and was h room shall be designated for use of employees hand-
ling litharge, Separate lockers should be provided for street
clothes, wark clothes, and one for Uniopalls worm when hand-
ling litharge, In plants where men are handling litharge
throughout the shift, only two lockers need be provided. The
floors of the locker rooms where the men change their dust
covered Unionalls and the benches shall be thoroughly moisten-
ed before being cleaned,

——

———
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Personal cleanliness - General perscpal cleanliness is of first
importance.

—

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

% (b) Never eat wmtil litharge covered clothing has been removed
%‘ and the hands washed,
¥
i
3
£
T
i
7

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

H : (d) The mouth should be rinsed thoroughly before eating.
(e) Never use tobacco in any form while ﬁorking in and around
litharge.”

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

2 162

- SODA ASHE:; Soda ash (58% Ng.zo) is used to form a solution for neu=ralizing acid
oil, Thirty ZOO—pound cloth bags of soda ash are dumped into a tank of water per

: batch by six men, with an average service of five years, fram the Generel Labdor De-
partment; three batches a week., IMen exposed to dust resulting from opening and

! dumping the begs of soda ash about five hours a week. Eight men spend about hall a

‘ dey a month unloading bags from railroad box cars. The men who do the unloading

wear MSA Comfo respirators and are not the same men as those doing the aixing who do
lot wear any respirators or goggles. The average dust produced bty the dumping and
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1% pixing operation is 1,003,337 particles, less than tem microns, per cubic foot of
» air. These particles are all slightly angular, crystalline in appearance under the
§ fonimeter mioroscope and about five microns in size, Many are transparent, glass

g 7ixe. There are a number of small black specks.

x5 - TALC or "SOAPSTONE": Pulverized talc or "soapstone" is used as a filler in the.
#£ panufacture of "hot neok" greases used in the steel mills, Accarding to R. B, Ladoo

¥ (U.S. ‘Bureau of Mines Bul., No. 213, 1919) ordinary talc or soapstane is Steatite

& (hydrous magnesium silicate - HoMg3(Si03)4). In the form of powder, the talc is

§ greyish white., Associate Chemist Frederick Goldman of the U.S. Bureau of liines, who
E nade a chemical analysis of samples of talc as marketed, reports:

> 4 S102¢cevennnn cesess 46,04 per cent

Cal..... ceoereeeess 4,39 M "
g MEOuevvveneennnnnss 26,20 "
3 Combined Oxides.....1l5.64 " "

%" grease makers usually consider the camposition of "soapstcane" which they use as ap
§ proximately 90% magnesium silicate and 10% calcium carbonste. It comes in 90-pound
b3 paper bags, 700 bags to a box car., About 7200 pounds are used per batch and one
" batch is made a day on an average. The "soapstone" is dumped into the mixing kettle
5. by two men with an average service of ten years. This dumping which reguiresabout
4f ‘A an hour per batoh 1s a rather dusty operation. One sample taken at face level just
¥ after a bag had been dumped had as high as 22,995,840 particles, ten microns orless
~in size, per cubic foot of air. The average dust produced was 13,064,960 dust par-
_ticles per cubic foot, About 98% of these dust particles were transparent, crystal-
X 1line, irregularly shaped plates and rods, in appearance under the Konimeter micro-
W socope. Most of these particles (about 96%) were five microns or less in size, the
remsinder being ten microns or over; about 2% were scale-like, semi-opague, five mi-
crons or less 1n size,
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.Physiological Effects Produced By Talo Dusts, About two years ago Dr. W. C.
Dreessen, Passed Assistant Surgeon, and J. M. Dalla Valle, Assistant Sanitary Engi-.
neer, United States Public Health Service, made a study to ascertain whether there
is a connection between talc dust exposure and the relatively high tuberculosis
death rate in Murray County, Georgia, where two talc mills and mines are located,
Thsy found (Reprint No. 1669 from the Public Health Reports Vol. 50, No, 5, Feb., 1,
y 1935, pages 131-143): :

. »
e

"Physical and roentgenologic exsminations were made of 66 men and
wamen who were exposed or had been exposed to talc dust. In the
higher dust groups comprising 33 men, 8 were found to have Pneumno-
conlosis I and 8 to have Pneumoconiosis II or III, Six of the
thirteen examined were diagnosed as having Pneumoconiosis I. No
advanced stages of the disease were found in this group. In the
group exposed to low concentrations of dust, no Pnewmoconiosis

was found,"

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

LR BB 8 RO 00 0% 02 DU #i 1r RTATN

Investigators have suggested, however, that for more or less caontinuous expo-
sures concentrations of talec or "scapstone" dust should not exceed 15,000,000 par=-
ticles, ten micromns or less in size, per cubic foot of air,
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I - GRAPEITE: ©Powdered graphite (80% to 85% grachitic carbon ard 157 wzrodbably
113 <

magnesium s cate) is used in the manufacture of spring ard pressure lubtricants. It
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Lames in metal drums or 100-pound paper lined bags. About 3700 pounds of powdered
graphite is used per batch and one batch is made per day on an averaze. The

.raphite is dumped irnto the mixing kettle by men with an average service of seven
";ears. This operation requires about forty minutes per batch per man on an average.
rhree men are usually engaged in this dumping, They wear respirators while hand-
~hing and dumping graphite, which is not a particularly dusty operation. The average
just produced is 1,803,080 particles, ten microns or less, per cubic foot of air.

111 of these dust particles are rounded or slightly angular, black opaque, amorphous,
so0ty or dark grey in appearance under the Konimeter microscope, and three microns

or less in size,

,QJ - SLATE FLOUR: Slate flour (300 mesh) gives rigidity to asphalt on "fast sur-
ifaces" such as steep roofs and pipe lines, and prevents its running off, It also
yroduces desirable weathering properties., Mixtures as low as 10/ slate flour and

fs high as 40% are used. An average of two tons of slate flour is used to each
'¢¢till which averages about 800 barrels of steam reduced asphalt, Since the slate
lflowr is introduced by the use of closed pipe lines and centrifugal pumps, the oaly
ldust produced is that which results during the unloading of the sacks and dumping
1t,hem into the hopper. <The slate flour comes in 50-pound paper bags, 750 bags to a
|mailroad box car. Four men with an average service of about a year, open the begs
ynd dump the slate flour directly into a hopper fram which it is siphoned by com-
sressed air to a storage tank holding about 15 tons, About four carloads a month
sre received and an average of about 5-1/2 hours is required to unload each car.
zjibout one and three~quarter million pounds were dumped during the last quarter
#Mperiod, The men wear MSA Comfo respirators. A screen analysis of this slate flour
“fshowed that 99.7% passed through a 200 mesh screen and 96.8% through a 325 mesh
soreen, Due to the fineness of slate flour and its low bulk density (1.04) con-
siderable dust, an average of 12,007,680 particles, €en microns or less in si:ze,
4per cubic foot of air, and counts as high as 16,538,880 particles per cubic foot,
sre produced during dumping +the sacks and filling the storage tank. About 98% of
these dust particles are slightly angular, transparent, crystalline in appearance
mder the Konimeter microscope, and five microns or less in size; 2% are semi-opaque,
's1ightly angular, There were a few plate like particles which appeared to contain
1mall air bubbles, and a large number of small black particles. '

-

. A petrographic examination made of a slate flouwr sample at the United States
Bureau cf lNines Experiment Station in Pittsburgh, Pemnsylvania showed that it con-
tained more than 1% Quartz (Si02), 30% Sericite (K30-3A1303-6 Silp-2EH20), 40%
-jopaque and 375 five different unidentified constituents. A chemical analysis of
slate granules and flour (Jowr.Indust.Byg. Vol.XV.,No,2,Mar,1933,p.67) reports these
sonstituents:

0 S |

Silicon Dioxid® eeesvese59.27% Magnesium Oxide,...c.ce 2 21%
Titanium Dlioxide........ O.99% Potassium Oxide........3. 75%
#lweinum Oxide,.........18, 81% Sodium Oxide...........1l.88%

RN ol ({4

Perric Oxide.....coner.. 1.12% Water below 110°C. ....0.32%
Ferrous 0xide ......... . 6.58% "  above " ......3.98%
Yanaganous Oxide........ 0.13% Phosphoric Oxide.......0,11%
Calcium Oxide.......... . 0,42% Carbon Dioxide.........0.21%
Sarium Oxide.soeeeesons . 0,05% Ferriec Sulphide...... ..0.15%

TR T T

Specific Gravity - 2,795

"The silicon found, though expressed in the chemical enalysis as
silicon dioxide, is not differentiated chemically as to the
Torms present ia the original minerals, whether free silica or
silicate, "

1
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Lffect of S‘ate Flour on The Lungs ~ In his paper "Effects of Certain Silicate
mmts in the Lungs" read before the Industrial Hygiene Section of the American Public
galth Acs ocla*lon at Washington, D,C. on October 27, 1932, Dr. Waldemar C, Dreessen
of the United States Public Health Service, reporting the results of his studies of
workers exposed to slate dust, wrote:

"Of the 48 cases of pneumoconiosis observed, all were in the first

. stage except 5 cases. In general, the pneumoconiosis observed in
the early or first stage cases resembled that induced by cement
dust. The bronchial striations, however, were somewhat more prcmi-
nent. There was always a moderate bilateral 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" in appearance and lacked some of
the sharpness of detail which is usually observed in the X-rays of
individuals who have inhaled silica dust, This diffuse, fine
generalized fibrosis was chiefly confined to the lower two-thirds
of the lung fields,

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

Dr. Dreessen found that although the silicate dusts of slate "induce a fine diffuse,
bilateral fibrosis of the lungs which is definitely demonstrable in the X-ray"
‘workers exposed to slate dust do not begin to show definite first stage prneumoconio-
‘sis until after more than ten years! exposure, He-did not find any evidence that
the resultant pneumoconiosis had led to disability.

K = GRINDING DERRIS ROOT: Derris root is used in the manufacture of insecticides,
It comes in 500-pound bales from the Dutch East Indies., In order to reduce dust,
the bales are thoroughly wetted with white oil. The root is ground at the rate of
500 pounds an hour to pass through a 3/8"-screen. One man with three yesrs! service
'is exposed tc an average dust concentration of 1,604,800 particles, ten microns or
less, per cubic foot of air. About 80% of these dust particles are rather round,
crystalline in appearance under the Konimeter microscope, and about five microns

in size; 20% are sharply angular, five microns or less in size, The particles ap-
pear to beemore inorganic than organic in character, Evidently the lighter root
dust particles are either larger than 3C microns and were, therefore, filtered out
by the Konimeter filter or were carried out by the exhaust ventilation, thus leaving
the dirt or soil which had adhered to the rocts, The grinder is located in a small
room well 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 mesk
while grinding,

. To What Extent is Derris Toxic? According to receat studies by the United
. States Department of Agriculture (Indust. & Eng. Chem. Vol., 28, Neo,7, July 1936,

pPs. 815-821) Derris is a possible health hazard to those engaged in milling, grind-
ing, and diluting it (Derris) without the use of suitable protective measures,
Pharmacological studies show that Derris and its water extracts affect the respira-
tory center which is initially stimulated and then, after fatal doses, campletely
depressed, with death resulting., Derris dust when applied to the aﬁnolts was also

found to provoke & "mild evanescent irritation,"

L - GRINDING PYSETERUM FLOWERS: Pyrethrum [{lowers are an important source of cne
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: f the essential ingredients of insecticides. They come from Japan in mat covered
¢L1es weighing about 450 pounds. On an average, about ten bales are ground per

ighft. Opening the bales of compressed flowers 1s the dustiest part of %he opera-
i%pn, producing or. an average 2,039,040 particles, ten microns or less, per cubic

3,0t of air, About 85% of these particles are angular, crystalline in appearance

er the Konimeter microscope, and three microns or less in size; about 15% are
g;ﬁt round particles and discs and shreds, ten microns or less, The crys<talline =
Zsppearing dust probably originates from the soil which has blown on the flowers or
F,ants, One man is exposed per shift for about four hours a day during a nine month
eriod. He wears a Willson dust respirator. The grinder is enclosed in a metal
ousing connected by a fourteen-inch duct to a sixteen-inch motor driven exhaust fan,

: Pyrethrum dust seems to irritate the skin of some individuals and not affect
Yothers in the least; as a matter of fact it causes an allergic type of reaction in
g;&me individuals to such an extent that it is inadvisable for such perscns to work
Fin pyrethrum dust.

"M - MIXING AND PACKING "FLIT" POWDER: "Flit" powder is a mixture of pulverized
*dorris root, pyrethrum flowers and other ingredients, It is mixed in a special
Fproom provided with exhaust ventilation by & man wearing a respirator. The dustiest
?}art of this operation is sifting the pulverized derris and pyrethrum wnich produces
1an average of 8,722,560 particles, ten microns or less, per cubic foot of ailr,
gAbout 95% of these dust particles are angular, crystalline in appearance under the
:Konimeter microscope, and about three microns in size; about 5% are less crystalline
ihnd more opague, five microns or less in size,

ha
9 4 . .
= : Filling Cans: Three-quarter and two and one~quarter ounce tin cans are fille
ed by autamatic machines. the filler ends of which are enclosed in a metal housing
with & four~inch exhaust duct to a fourteen-inch motor-driven fan, That this ex-
haust arrangement is fairly effective is shown by an average dust concentration in
¥y samples taken at face level of the operator during the £illing operation of
;1,755,840 particles, ten microns or less, per cubic foot of air, The girl at the
iSealer wears a bag-type dust respirator,
4 F VIII . CLEANING TUBES AND ]_DRUMS CONTENTS
2.
1= " Cleaning tubes and drume of boilsrs and process equipmeat is a routine opera=-

ion which produces considerable dust belonging more to the "nuisance" class than to

Pt nagy

uch dus? down to & minimum of not more than 10,000,000 particles per cubic foot due
o the nuuber of men engaged in this work and their more or less continucus ex-
L posure :

v
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once a month, so that in many cases they are almost completely filled with the ex-
ception of an opening down through the center no greater than twelve inches in diame
eter. At most plants, this coke is removed by a special machine; at the others, men

AL L

‘One man works inside and two outside at the top manhole, The temperature inside the

drum is about 90 degrees Fahrenheii. Iach man works helf an hour inside and is then

per shift, two shifis a week. A "boatswain” chair is used to get in and out of the

drum. They wear "hardboiled" hats and life-belts. Excellent ventilaticn is provided

by a steam or an air syphon placed in the bottom manhole of the drwm, as a result of
which samples taken at face level of men cduring the operaticn ¢f the pneumatic chisel

had an averaze of only 311,520 dust particles, ten microns or less, per cucic foct of

air. About 50:% of tnese particles were sharply angular, crystalline in appearance

t

.the fibrosis causation group. Nevertheless, consideration should be givea to keeping,
s

t

I. - CRACKIYG COIL SCAKING DRUMS: Cracking coil soaking drums "coke-up" about

with an average service of tan years are regularly engaged in cleaning these drums by
=~ means of a concrete buster type of pneumatic chisel, starting at the top of the drum.

relieved for about an hour. On en average. each man works atout two snd a half howrs
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E ger the Konimeter microscope, and about five microns or less in size; 35% were
!unund semi-opaque, crystealline, about ten microns or over; and about 5% were small
i" ro ck,pe.rtiCI;S- There were also a few black scale-like particles over ten microns
: vle The major portion of this dust is probably coke or carbon and the scale-
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ize.
i?k:].;ar‘ticles are, no doubt, metal from the sides of the drum or fram the chisel.,
'“’! § II. - CRACKING COIL TUBES: There are 183 tubes in a high pressure cracking

’goil unit., After running from twenty to twenty-five days, depending upon the char-
~,cter of the stock being rum, the temperature and pressure, the petroleum coke which
-’;s deposited on the tubes must be removqi. Liberty air-driven tube cleaners with
El’cone and star cutters operated by men with an average service of six years are used
ffor this purpose. The men work in gangs of six to eight and are exposed to dust
“sbout six hours every two shifts on an average. They wear neither goggles nor respi-
irators although a dust samole taken immediately after reversing the cleaning
.'f'machine while in a tube contained as high as 3,062,400 particles, ten microns or
‘1ess in size, per cubic foct, About 30% of thess dust particles are black, opague
?in appearance under the Konimeter microscope, and two microns or less in size; 40%
‘are angular, transperent, plate-like, ten microns or larger; and 30% are angular,
“gransparent .crystalline, five microns or less in size,

il

vty

Samples taken on the Cleaning Platform while cleaning Cracking Coil *urnace
tubes at a Northern refinery had an average of 113,280 particles- per cubic foot.
! ‘Ninety-eight per cent. of these dust particles were rounded crystalline in appearance
{ .under the microscope and five microns or less in size, Samples taken in the passage-
= .-.my back of the furnace while tubes were being cleaned had as high as 1,076,160
particles, ten microns or less in size, per cubic foot of air. This indicates that
.the men in the passageway, back of the furnace are exposed to more dust than those
"on the cleaning platform. -

—— e
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: III, - WATER HEADERS AND BOILER TUBES: Tubes and headers are cleaned twice

a year by means of air-driven turbines. It has been found that cleaning can be done
1 ‘more effectivaely if done dry rather than wet because the dust can be blown cut. If
water were used, the loosened material would soon form a paste which-would be smear- -
ed back on the tubes by the action of the cleaning turbine. Regardless of the dust
] which is produced in concentrations as high as 30,359,040 particles, ten microns or
less in size per cubic foot of air, workmen prefer working in dry drums rather than
_ in wet ones. Eight men (two on each turbine) are engaged in this cleaning operation
-3.wnich requires about twelve days a year. Men with an average service of fifteer years
.|.are assignad to tnis job from the Labor Department. The temperature inside of the ’
-] .drums or headers is about 70 degrees Fahrenheit, In accordance with the usual prac-
~tice, men operating the turbines, inside the drum or header, work about ten minutes
and are relieved for ten minutes by their co-workers who assist in handling the air
.|..hose in and out of the drum manhole, Respirators have been provided in most cases
.but are not always worn., The average dust produced while cleaning water-headers and
-boiler tubes in samples taken from:

Lover Platform, Front Water Header................18,306,048 part. per cu. ft,
In #2 Drum While Cleaning Water Wall and Tubes.... 5,664,000 * L
Inside Marhole Drum #3 While Being Cleaned........28,320,000 " v

i ey

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 appearauce under
the Konimeter microscope, and about two microns in size; 50% were opague, more or
less angular, and about five microns in size; 10% were crystalline, slightly angular,
and over ten microns in size, About 65% of the particles in the sample taken inside
72 drum during cleaning were black, opague, angular, less than two microns in size;
and about 15% were round. more or less opagque, over ten microns. The cecncentration
of dust INSIDE the drum during cleaning appears to decrease with the cistazce from
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o manhole as is demonstrated by these counts in samples from Drum #2 (Riley Boilw

)

Location Particles per cu. 2%,
|
| Tnside . Manholé........... e etiaenaeneanas Ceeeeraeseesaeaaaan ... 19,257,800
- About 8 i‘t Inside Drum..oveeeeevenens ceeaes feeene s . e 4,078,080
: 11 n Lt vee. 2,285,80C
., " 18 " n N . SR Cetereeeaa eeeee. 1,585,920
' noo24 " n P ceees e e .. 1,132,800

ye dust particles from inside the drum appear black, angular and were less than two
jcrons in size. The dust from these cleaning operations are supposed to be largely
he results of metal corrosion and sediment (largely Calcium Cardbonate and Calcium
hosphate) deposited by the treated Boiler Feed Water. A petrographlc examination
£ a sample of dust from the Front Water Wall Header was made by the United States
uyreau of Mines Experiment Station at Plttsburgh, Pemnsylvania, who reported:

l QU&T\-Z (Sioz) oooooooooo . D N N I A IS W ) 1 per Cent-
Opaque o» Coated with Opaque Material.. 90 " "
Umqentified Clay"likenoolonoc-n--ono.o 9 " "
1 According to a chemical analysis of this same material made by a regular re-
Mpery chemist using the method of Adolph Knopf, U.S.Public Health Service, the dust
;?ontained:
‘ Free S11icCl..vveeecercercenccncresensss 0o 70 per cent,
] Combined SilicClBicsveesseoceessocesesessdls0l 7 7
- Althovgh the analysis of the dust shows a low free silica content, the high

just concentrations found and the possibility that at times such concentraticns may
be higher than those found, demonstrate the desirability of wearing respiraters re-
gardless of the kind of dust encountered.

J IX . FOUNDRY OPERATIONS
During recent years considerable attention has been focused upon the health of
foundry workers by the operation of the so-called "Silicosis Racket" which has ex-

\
A
/

|

It is difficult to iszolate

]

volve all workers employed in the foundry.

tracted largg sums of money f{rom the Foundry Industry.
this type of work which gives rise to a very general exposure to dust which may in-

In many cases the worker is in such close

contact with the duty atmosphere as to cause serious exposure.
been made in reducing the dustiness of our foundry operations
considered which will further safeguard our foundry workers.
brief outline of foundry dust producing operationms:

Luch progress has
and plans are now being
The following is &

A, - POURING MOLTEN METAL INTO SAND MOULDS - About 19-1/2 tons of metal are

poured per "heet".

]about one and a half hours pouring and six and & half hours moulding
Goggles, asbestos leggings and congress-type shoes are
which is
During the pouring operaticn
samrles teken during this work aver-

} days a week,
. bandling the molten metal. About 60% of the moulding sand,
' source of dust, is free silica (Si0j).

appears to be ull of dust and smoke, however,

i aged only 396,480 particles ten microns or less in size per cubic foot
ticles appeared angular, crystalline under <he

‘tically all of these dust par
, microscone and were about two microns or less in size.
E
?

A sample of dust fram the top of the crane ralil over

Thirty-{ive men with an average service of twelve years spend

per day, five
worn by the men
the principel
the foundry eir
of 2in,

=~

 race-
Xornimeter

the moulding flocr was
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{ Ln a petrographic examination by the U.S.Bureau of !Mines Experiment Statiopn in
tksburgh, Pennsylvania who reported 50% quartz (Si0g); 15% Clay Mineral not came
Jetely identified. Kaolinite is Alp0z.28i0p. 2H0; 5% Calcite (Ca CO3z ) and 30%
;“Fue. '
o R, ~ "SHAKING OUT" CASTINGS - After pouring, the castings are allowed to

. )1, then "the moulds are liberally sprinkled with water from a hose, The bands or

" Imps are removed and the flask is thrown over and broken open. The rough castings
re pulled out, piled up and trucked to the Cleaning Room. "Shaking Out" is con-
'idered one of the serious occupational disease hazards encountered in industry and
. b dustiest operation in founderies but due to the thorough wetting and careful
._hdling by the men, samples taken during the operation had an average of only
358,230 cust particles ten microns or less per cublie foot of air. The impinger
¢ thod would no doudbt reveal much higher counts. About 98% of the dust particles

Ee slightly angular crystalline in appearance under the Kcnimeter microscope and
vere one micron or less in size. "Shaking Out" is rather hot work, the men per-
rlire freely so that it would be difficult to enforce the wearing of goggles and res-

f

rators. Twelve men with an average service of eight years work on this job, eight
adurs per shift, five shifts per week,

L After the castings have been removed the moulding sand is again wetted and
Joroughly 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 electric motor, mounted
&n & rubber-tired fouwr-wheeled carriege which moves back and forth over the moulding
%£oor. Moisture tests are made and when these tests indicate 4.6 to 5.6 moisture

e sand is considered ready for the moulders. During the operation of this sand cut-
+er, the operator is exposed to an average dust concentratiom of 1,529,280 particles
l:n microns or less per cubic foot. These particleg were less than twc microns and
~Jtere slightly angular crystalline in appearance under the Konimeter microscope, !

] C. = CLEANING CASTINGS - Various methods are used to clean castings depend-
ng on their size and shape, All of these methods produce more or less dust scme of
which can be taken care of by exhaust ventilations, others cannot, The methods most
}omonly employed are: ‘

(a) Preliminary Cleaning - Castings are brought from the moulding floor during
the night and deposited in the Cleaning Room. The following morning the cores are
knocked out, the sprues and gates are broken off and scme scratch cleaning is donme,

his work prdduces consideratle dust especially when the sSind and old cores are
shovelled through the ;rating into the car or bucket below (3,455,040 particles ten
icrons or less per cubic foot of air). Under the Konimeter microscope about 70% of
ﬁ;e dust particles appear angular, crystalline, three microns or less in size; 20%
: were rounded crystalline, five microns in size and about 5% were scale-like semi-
“opaque with a reddish-brown tinge and over ten microns in size, Pulmosan Respirators
jhave been provided but are not alweys worn by men dolng this work., NO attempt has
%been made to control dust from preliminary cleaning although some study has been
. given to the provision of a special air-tight room with a grating flocr and a hopper
underneath with a screw conveycr at the bottom to convey the debris to the disposal
car or bucket and thus eliminate the dusi-producing shovelling and handling, Under
i this plan exhaust ducts with a series of outlets around the top of the hopper carry
[off the dust, Air is also introduced :into the room about a man's breathing level and
| the amount of air taken out is greater than that introduced so that a negative pres-
sure is main%tained and a complete air change is made about every three minutes,

1
; (b) Tumblast - The Tumblast is a machine which cembines tumbling with sir dlast-
" ing. From 400 to 1300 pourds of castings are put into a drum which revolves about
| 10 22, They rum from about 20 minutes to four hours, depending upon the type of
© ecastings and cleanliness required, Wnile the castings are being tumbled <hey receive
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;]ist of #20 Steel shot through three 5/16 inch nozzles under an air pressure of
; jmds per square inch. This machinre is operated by three men, with an average
~vice of eight years, for a period of two and a half hours per man per day, five
se 8 week. Pulmosan Dust respirators are provided but are not always worm. A
3-Inch exhaust pipe has been installed at the top of the machine and a six-inch
saust pipe over the screen. The suction on these exhaust pipes is said to be
out 2-1/% inches water, Samples taken during the operation of this machine aver-
e 11,200,760 dust particles, ten microms or less in size, per cubic foot which ine
o tes that the dust control measures which have been provided are getting results
though there is still room for improvement. About 98% of the dust particles ap-
a |quartz-like under the Konimeter microscope; about 60% are five microms or less
lze and are angular crystalline in appearance; 40% are ten microns or over in
ze, and rather rounded in appearance., There are also a large number of minute black
toflic specks entirely too small and numerous to count accurately,

(¢) Sly Tumbling Mill - Cleans brass castings by & combination of tumbling and
~blasting with 3 Sand Blast Sand and 85 pounds per square inch air pressure., The
1 | holds from 100 to 150C pounds of castings and clears five loads a day. Two men,
+ | an average service of 15 years, operate this mill whick runs about five hours a
v. They wear Pulmosan Dust respirators and roggles when opening the machine. This
17 is hooded with an 8-ipnch exhaust pipe having a 2-inch water suction. also a
- jnch exhaust pipe over the sand screen at the rear of the machine., Sanmples of
st taken during the operation of the Sly Tumbling Mill had as high as 2,492,160
§§icles ten microns or less in size per cubic foot of air and an average of

13,344 particles per cubic foot. About 90% of these dust particles were rounded .
v3talline in appearance under the Konimeter microscope and two microns or less in
ze; 5% were black, opaque scale-like and 5% were rounded crystalline about five
‘[ons in size, -

(d) Tumbling Barrels ~ 36" x 42" Whiting Tumbling Barrels remove sand fromcast-
"8« They hold fram 1200 to 1500 pounds of castings per load and revolve at 10 RFM.
castings are tumbled about two hours with about 700 pounds of one-inch unanneal-
cast malleable iron stars and jacks, An exhaust system with a 6-inch pipe through
e, trunnion having a suction of 1-1/4 inches water. This suction has been found in-
uate to give the desired results consequently the suction is to be increased to
=hches water, Samples taken during the operation of the Tumbling Barrels had an
erage of 1,348,032 dust particles ten microns or less in size per cubic foot of
7} About 907 of thess particles were angular crystalline in appearance under the
: fmeter Micro#cope and three microns or less in size; about 107 were rounded semi-
ystalline, ten microns in size, There were also a few triangular-shaped opeque
“allic particles, Three men, with an averags service of twelve years, operate
;

.
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e tumbling barrels eight hours a shift, five shifts a week, Pulmosan Dust Procof
irators and goggles have beexn provided but are not always worn.

| The type of Tumbling Barrels being used has been condemned by & major ¢om-
_ly because it is impossible to ventilate it properly., The holes in the end liners
og up when the barrel starts revolving., thus preventing circulation of air through
barrel. This condition hes been remedied, in a new design now on the market, by
j use of two shells - an inner perforated and an outer solld shell, 3Both trun-
ons are hollow and are connected with the air chamber between the two shells, Air
ler pressure is intrcduced through one trunnion and exhausted through the others

(e) Air-Blasting = Castings which cannot be tumbled due to their si:ze end Ira-
lity ere cleaned oy air-blasting (85 pounds per square inch) with mixture of ep-
yximately half and half sand and #40 Steel Crit., Syracuse Core sand is used when
jpecial finish is desired, There are three men, with an average service of three
ars, on this job who work 45 minutes of every hour, eight hours a shift, for one
sk out of three weeks, This work is done in a special tight eir condiiioned room
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«r le wearing & Sly Sand-blast Helmet supplied with outside fresh air proviéed by &

s c-isl blower used for that purpose only. Samples teken inside the room while a
casting was being air-blasted had an average of 3,738,240 dust particles ten microns
o1 less per cubic foot of ailr, About 80% of these dust particles were sharply angu-
1t ﬁérystalline in appearance under the Konimeter microscope and three microns or

le;s in size; 20% were rounded quartz-like crystals about ten microns in size, There
were also & few rust-like scales and a large number of black metallic particles too

a2 |ute and too numerous to be counted accurately. The silicosis hazard of this opera-
t.Jn could be greatly reduced by the use of steel abrasives exclusively.

(f) Rough Snagging Wheels - These machines are used for removing projections
s* h as sprues, rts and gates from castings. There are two types of these wneels:
the DOUBLE END using either 19-1/2" x 3" Carborundum and Vitrified or 24" x 2-1/2"
2-*manol (Bakelite bound) Wheels; and the HORIZONTAL DISC Grinder having a 50"
d: meter vitrified wheel. These wheels are used by seven men having an average
service of nine hours per shift, five shifts per week. Each wheel is hooded and has
a four—inch suction pipe. There is an eight-inch suction pipe on the Horizonts
G lnder. Goggles and respirators are provided but the latter are not always worn
w_th the exception of the men on the Horizantal Grinders. Vitrified wheels are rum
at a slower speed (1800 RPM) than the Bakelite Boumd Wheels which operate at 3400
R Samples taken during the operation of the Rough Shagging Wheels had the fol-
i—E;ng dust concentrations, .

2 Double End Snagging Wheels:

ﬁiyerage Dust from Vitrified Wheels.....,..... 3,653,280 particles per cubic foot
n n " Carborumdwm " ........... 3,322,820 " " " "
|o" n " Bakelite Bound Wheels...... 2,862,080 v " " "
! .
Horizontal Disc Grinder:

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

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

About 80% of the dust particles from the vitrified wheels appeared black angu-
I k opaque under the Konimeter microscope and two microns or less in size; 20% an-
¢ lar crystalline -about one micron or less. There were also a large number of black
zinute particles too small and numerovs to cownt. The dust particles from the Hori-
r~ntal (Vitrified) wheel were spproximately 90% angular, crystalline and 10% black
¢ rgque, All of these particles were about two microns or less in size, About 60%
o1’ the dust particles f{rom the Bakelite bound wheel were black angular two nicrons
or less in size; 25% were angular crystalline, less than one micron in size and about
1 % were rounded crystalline about five microns in size.

4
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(g) Fine Snaggingz and Polishing Wheels - These wheels grind off small projec-
']ons and remove rust from stock which has been in storage. There are three types:

' JUBLE 4" x 14" POLISHING EMERY WHEELS - Wheels after being made up are dipped in
zlue and then rolled in Alumdum Grinding Grain, sizes 60, 80 and 120 mesn. DOLBLE
"ISC GRINDERS - 36" discs covered with ;26 Cast Iron Grain or Silicon Cartide (en

iectric furmece product) and WIRE SCRATCH BRUSHES - made up with four 12" sections,
Zxhaust hoods with a suction of from three to five inches water, have beexz inszalled
on the Polishing Wheels and Disc Grinders. There is NO hood on the Wire Scratch

;ushes, These wheels are used by four men with an average service of tweo veers. T
w<ar zogzles and gloves dbut no respirators, Samples taeken at Tace level during the
°peration of this eguivment had the following average dust concentrations:

ney




" \st Produced by 36" Disc Grinder............ 1,416,000 particles per cubic foot
‘ " " 12" Wire Scratch Brush...... 736,320 " " "
" " " 4" x 14" Polishing Wheels.. 481,440 " " " "
. !
h.ie comparatively low dust counts indicate that the dust control measures which
been provided are either effective or the dust particles produced are over 30
Jcrons in size and were thus filtered out by the Konimeter filter. Under the ni-
r [cope dust particles from the Polishing Wheels appeared all round crystalline and
s It one micron in size. About 40% of the dust particles produced by the Double
is¢ Grinder were sharply angular, opaque about three microns or less in size; 60%
o) less angular crystalline about one micron in size, The dust particles produced
the Wire Scratch Brush were all rounded, crystalline and about one micron in si:ze.
here were no metallic particles in any of the samples examined, Few exhaust hoods
}«q been installed on Wire Scratch Brushes because it has been generally assumed
f these brushes did not produce any dust. This assumption, however, is untrue as
e sample from a wire brush at a Southern Refinery had as high as 6,683,520 par-
;cles ten microns or less per cublc foot of air,

(h) Cone Grinding Wheels - These wheels are. operated with compressed air and
re used to do miscellaneous grinding on castings by four men, with an average ser-
it} of twelve years, about two hours a day on an average., The cones are 5-1/@” x

}l" vitrified and produce an average dust of 1,869,120 particles ten microns or
sss per cubic foot of air. About 80% of these particles are sharp angular crystal-
i§§. In appearance under the Konimeter microscope they are five microns or less in
Ligeds

20% are round opeque but non-metallic in appearance and five microns or over
ize, . There are no hoods over these wheels and the operators wear no respirators,

: l Average Dustiness of Cleanlng Room Air - A series of five samples wers
(. Jn between 9:30 and 9:40 A.}. to determine the average amount of dust in the air
> the cleaning room while the various cleaning operations were in full blast. An-
Jpr series of five samples were taken about 3:30 P,M. in the afternoon after the
had been given its regular clean-up. There was quite a difference in the asmount
' dust in the air during the morning (2,166,480 particles ten micromns or less per
hjc foot of air) and during the afternoon toward the close of the shift (338,272
icles per cubic foot). About 957 of the dust particles in the evening samples
angular crystalline in appearance and about two microns in size. There were a
w large semi-opague or scale-like particles about 20 microns in size, About 98%
"Ihe dust particles ia the morning samples were angular crystalline two midrans or
in size and about 2% were round, crystalline over five microns in size,

A sample of dust from top of one of the larger Exhaust Ducts in the center
he cleaning room was given a petrographic examination by the U.S.Bureau of liines
periment Station at Pittsburgh, Pennsylvaria and found to contain 40% Quartz
7 2), 20% Clay Mineral not completely idemtified; 40% opaque.

D¢ = CORE MAXING - A large number of cores are made by the Demmler Air Cpe-
ted Core Machine which uses a mixture of two-thirds sea sand, one-third river sand
Jone gallon core oil per 60 gallons sand. There are three sources of dust in the

tion of this machine:

'}) Shovelling Sand to fill the Machine' Hopper..1,019,520 particles per cubic foot
}) Blowing OUt COre=DOXeS.e.eueeeeeeeeeaneannns 736,320 " " " "
3) Blowing sarnd into the Core-MouldS........ ... 755,200 " " " n

About 985f of the dust particles from blowing out the core boxes are dark,
ue in appearance and about one micron in size, The dust perticles from tlowing
into the core moulds ars angular crystalline less then cne micron in size,

Ui
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Cores are "smoothed up" after being baked in the core oven by scratching
ff the rough edges with an old hacksaw blade. This operation produces an average of
; 306 240 dust particles ten microns or less in size per cubic foot of air, About 98%
of these particles are angular, crystalline in appearance under the Konimeter mi-
Foscope and are less than one micron in size.
i E. - SEPARATION OF BRASS FOUNDRY SKIMMINGS - A Steinlein Separator, revolv-
T ng about 25 RPM, separates brass from about 100 pounds of skimmings an hour. The
e;nrator has a 4—inch exhaust duct to a l2-inch fan which produces a suction of
t 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 cublc foot of air, About 95%
i £ the dust particleg in samples taken above the charging chute appeared opague
§“ngular black in color under the Konimeter microscope and were less than one micron
in size. About 80% of the dust particles in samples from the trunnion were more
—ystalllne and rounded in appearance and less than one micron in size, This was
Lso true of the samples taken in front of the machine where the slag drops down into
. a bucket. The dust particles in samples from the metal being discharged from the
, —achine were about 50% metallic in appearance about 50% angular crystalline, Both
Ey stalline and opagque pa*tlcles were about two microns or less in size, Six men,
th 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

T I. - TEARING OUT STILL FIRE BOXES - Two men with an average service of ten
é;ars. spend two days a month on an average tearing out slag-covered bottams of crack-
ing coil furnace fire boxes. Temperature inside fire box is about 85°F, The bot-
+sms which are composed of fire brick are broken up with "Bull Point" Pneumatic
Eisels. Samples taken inside the fire box while this work was in progress had dust
voncentrations as high as 1,019,520 particles ten microns or less per cubic foot of
air. These particles were glassy sharply crystalline in appearance amder the Xoni-
1]ter microscope, About 90% were five microns or less in size and 10% were over ten
crons. The larger particles were semi-opaque, There were also a large number of
round black opague particles about one micron or less in size, After the bottoms
Fqd been broken up by the pneumatic chisels they are shovelled out through the fire-
;]x door and then reshovelled into trucks to be hauled away. This operation patural-
Yy produces more dust than the breaking up inside the fire box, Although no wind was
blewing samples taken at face level during the shovelling and loading had dust con-
&jgtrations as high as 2,435,520 particles ten microns or less per cubic foot of air
an average of 1,345,200, Goggles but no respirators were worn by the worknen,

II, =« CHIPPING OR CUTTING CONCRETE - A large number of employees with an
3 Lrage service of three years, spend at least ten per cent. of their time dismant-
ling or cutting concrete structures with pneumatic chisels in the removsl of old
f~undations, concrete supports and blocks and in cutting holes in walls and floors.
: E?ges taken during the cutting or chipping of concrete had as high as 6,910,080
particles ten microns or less in size per cubic foot and a general average of
..591,0581 particles per cubic foot. All of these dust particles are slightly angular
stalline in appearance under the Konimeter microscope. About 85% of the dust per-
les were five microns or less in size; 10% between five and ten microns and about
% over ten microns in size. In many cases neither goggles or respirators were worn
1]the workmen. Regardless of the rather low dust counts found, men engaged in chip-
g or cutting concrete should wear Fehi¥éséTdue to the high silica conten in the
al agsregate used in concrete.

£ =0
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! III, - CHIPPING IMCRTAR r=Ol BZTWEIN BRICK - Chipping Mortar with preumetic

isels from between bricks iz walls of siructures preparatory to weather-rroofingisa
articularly dusty operaticn. Samples taken during this work had dust ccnecenirazions
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s hizh as 20,956,800 particles ten microns or less per cubic foot of air and a

-¢ erel average of 13,848,480 particles per cubic foot., All of these particles were
n*ular crystalllne in apoearance under the Konimeter microscope and about six mi-
;rons or less in size. There were also a countless number of minute reddish-gray

st |ticles. This work was done by an outside contractor whose employees wore goggles
suJ no dust respirators. .

IV. - CRUSHING FIRE BRICK - Fire bricks are crushed in a belt~driven Williams
ot |a Motor-driven Sturtevant Brick Crusher so that 80% will pass through a 3/8" or a
150-mesh screen - much of it is powdered during the crushing., This material is then
nﬁTed with fire clay, crushed asbestos and cement to make "Ganister" which is used in
e sheet linings. packings or as mortar in bullding fire boxes of furnaces.
;umples taken during the crushing of fire dbrick had dust concentrations as high as
11,554,560 particles ten microns or less in size per cubic foot and a general average
o L2,562,960 perticles per cubie foot. Crushing new fire brick produces about six
£ hes as many dust particles (4,375,733 per cubic foot) as is produced when crushing
0ld, used fire brick (736,320 particles per cubic foot)., Under the konimeter mi-
¢ pscope about 94% of the dust particles produced by crushing pew fire brick appear
lar crystalline, one picron or less in size; about 5% are opague over ten mi-
crons and about 1% are dark opague, scale-like about five microns in size. The dust
particles from crushing old used fire brick are mare rounded crystalline in appearance
are about five microns or less in size. An analysis of Alamo Fire-clay Brick,
~Mch 1s commonly used and was the new wunused fire brick being crushed at the %time
our samples were taken, supplied by the manufacturers (Harbison-Walker Refractories

cgnpe.ny ) reports:

N Silicl..veeesevicoaceoasss Ol8 per oen
o Alumipa and Titanise...... 45.4 :
-J Forric Oxid6eccevececcoace L1 e
Lime,eeeeervererssconnnnne 0.5 "
Magnesif...ooovssveoeeeees 0.3 "
] AlkelieS....vveevnneseones 1.1

2 2 3 a2

Fire drick is crushed by two men assigned from the Labor Department, the aver-
i]e service of these men is about 14 years. Two to three tons are crushed per day,
e total length of exposure per month depends upon the demand for crushed fire
brick and will vary from a general average of fifteen hours per man per month %o as
i]ch as twelve hours a week, Goggles and M. S.A.Comfo dust respirators are worn.
-

V. « SHAPING FIRE BRICK ON EMERY WHEEL - Fire brick are ground to a specified
shape and size on a 2" x 24" Carborundum (Grit 16, Grade 1, Bond 6C) Wheel which re-
ves 900 RPM, This wheel is almost completely enclosed by a hood which has a 4

_ich duct to a 24~inch motor-driven fan operating at 1750 RPM., but this exhaust is
evidently inadequate as samples taken while rounding off the edges of a fire clay fur-
“jece block had a dust concentration as high as 4,078,080 particles ten microms or
Jss in size per cubic foot of air., The general average was 2,001,658 particles per
cubic foot. All of these dust particles were slightly angular and slightly opaque in
evpearance wunder the microscope and five microns or less in size. One man wearing
uIggles and a M. S.A. Comfo respirator, with about 15 years service, spends an average
about two days a month shaping fire brick and dlocks on this wheel, '

L VI, - DISMANTLING MASONRY - Dismantli ng Masonry structures such as old boiler
d still settings is a very dusty operation but was not included in this dust study
8s there was no work of this type in progress at any of the plants at the time of our
“wrvey.

4
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X1 . WOODWORKING OPERATIONS

Woodworking operations, as performed in connection with the refining of pe-
+roleum products and associated activitlies, are used in the production of patterns,
box shooks, containers, and construction or maintenance work. These woodworking
operations produce more or less dust which is largely organic and although it may
have scme spores and have an allergic effeot on some individuals, it is not consider-
ed harmful., Mr. D. Harrington of the U.S.Bureau of Mines advises that the U, S. De-
partment of Lator in a recent bulletin indicate that workers breathing wood dust are
far more definitely afflicted with tuberculosis than the gemeral run of industrial
workers. In large gquantities, however, wood dust belongs in the "nuisance" class and
may also be an explosion hazard ’

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

(a) Resawing - Band saws, twenty-five feet four inches in circumference, re-
saw four-quarter and -five-quarter lumber into 3/%-inch and l/?-inch shooks respecw-
tively. Samples taken during this resawing had an average dust concentration of
155,760 particles ten microns or less per cubic foot of air when sawing pine ard
996,864 particles per cubic foot when sawing gum. These low counts indica%te that
the exhaust and dust collecting system which has been provided is functioning, This
exhaust system includes hoods over each saw with 8-inch ducts to a belt driven fan
with five-foot blades revolving 3500 RPM. About 607 of the dust particles in samples
taken while resawing pine were crystalline, rather glass-like in appearance - prob-
ably resin - under the Konimeter microscope and over tem microns in size; 40% were
round with rough edges gray and opaque, five microfis or less in size, Abouxt 80% of
the dust particles from cutting gum lumber were round crystalline semi-opague in ap-
pearance, five microns or less in size; 20% were over five microns in size. Gum lum-
ber is resawed only about four days a month,

(b) Ripsawing - Rip saws. 14 inches in diameter cut ends from four-quarter
gue lumber., An exnaust system has been provided with a hood over each saw and four
inch metal ducts to a belt-driven fan with six-foot blades revolving 3500 RPM. Samples
taken during this operation had an average dust concentration of 169,920 particles
ten microns or less per cubic foot of air. All of these particles were angular crys-
talline seml-opeque in appearance under the Konimeter.microscope and about three mi- *?
crons in gfze,

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

(d) Planing - Planers or double surfacers resurface the four-guarier and five
querter lumber to give it the proper finish. There is ar exhaust hood over each ma-
chine with an eight-inch metal duct to a belt-driven fan with six-foot blades revolv-
ing 3500 RPM. Samples %taken during the operation of planers or doutle surfacers hnad

-
cutic foot of air when planing pine lumber and 415,350 particles per cubic foot whnen
plezing cum lumber., Particles of dust produced while planing pine lumter were
crystalline rather round in appearance wunder the Konimeter micrescope, abcut 737 werse
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've microns or less in size; 25% were larger than two microns and rather opaque,
1 : particles from planing gum lumber were round opeque in appearance and one mi-

- v

~.1 or less in size.

"1 Dustiness of Shook Factory Alr - A series of five samples were taken at five
: rteglc points To-determine the average dust concentration of the factory air,
1ese samples gave an average concentration of only 141,600 dust particles ten mi-
~~ps or less per cubic foot of air which indicates that either the major portiom of
1 |dust is over 30 miorons in size or that the ventilation system is proving effec—
ive, The latter 1s probably the more logical explanation although the excellent
susekeeping is undoubtedly an important factor. About 98% of the dust particles in
1 | factory air samples were slightly angular crystalline in appearance under the
>_lmeter microscope and about five microns or less in size; 2% were round, opague
:rk gray in color and two microns or less in size.

] B, - BELT SANDERS, SAND DISCS AND SPINDLES OR CYLINDERS - This equipment is
sed for "squaring up" and smoothing surfaces of wooden patterns, cleaning and
i~ishing barrel-heading and staves and general mill work in the Carpenter Shops.

L Eers are a notorious source of fine wood dusts. They are also contaminated with
1 appreciable amount of silica, if a sand-type of abrasive is used, consequently
.ther hoods for the machines or respirators for the men engaged in operating these
ufkines should be provided. We appreciate that it is rather difficult to properly
>4 a sander to prevent the fine dust being carried around by the abrasive member,
irticularly disoc sanders. Our attention has been called to a case where a man en-.
Zpd in the use of sanders suffered recurring respiratory illness and ultimately
;;% from pneumonia, His ‘attacks of illness seemed to correlate with extended
;e of the sanders.
i (a) Belt Sanders - An 8" x 28-1/2 %, Belt Sander (Lightning Adalox Cloth
';/2 - 40 X Grit Norton Abrasives) runs on an average of two hours per day and is
ed by elght different men with an average service of fifteen years, Samples taken
;te finishing #1 Pine lumber had a dust concentration as high as 15,519,360 par-
des ten microns or less per cubic foot of alr and a general average of 3,443,712
rticles per cubic foot. About 90% of these particles were angular crystalline in
arance under the Konimeter microscope and five microns or less in size; 5% were
five microns in size; 5% were opeque scale-like, ten microns or less in size,
ere was no hood over this sander and the dust prcduced was thrown into the shop

j A6 in, x 18 ft. Belt Sanding machine (53 Production Cloth Minnesota Mining

mpeny) runs on average fram four to six hours a week and is used by four different

-} with an average service of four years. This work was formerly done by hand on

- Athe with sand paper. Samples taken while finishing the outside of a barrel had

. average dust concentration of 481,440 particles ten microns or less per cubice

~$. These particles were largely angular crystalline in appearance iwmder the Xoni-

_E: microscope. About 50% were five microns or less, and 50% were over five mi-

dns in size, ‘

J (b) Sand Discs or Wheels - These discs run from 40% to 60% of the time and
usually used by everybody in the shop in which they are located. Semples taken

ring the operation of sand discs or wheels had the following dust concentrations:
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Noo Size Abrasive Work Being Particles Per Characteristics of Dust
(Die. ) Used Done Cubic Foot Particles (Sizes and Per-
| centages Estimated)
- PiiI ™ #24 Sand Cleaning 604,160 Angular crystalline
) Paper Minn, | heads about 507 five microns
Mining Co, Finished or less and 507% larger
Barrels then five microns,
II 24" #1-1/@ Gar- | Squaring 623, (40 About :85% angular crys-
net Paper. Wood talline two microns
Minn, Min- | Pattern or less; 5% quartz-like
ing Co. rounded about 10 mi-
crons in size.
l
Uiz | som | #40 Grit Smoothing 1,925,760 Abcut 90% angular crys-
on Bristol | off Pate talline three microns
Board. ¢ tern or less; 10% opague
Gardner Ma- angular one microa in
chine Co. size,
v | 3o #2 Garnet Squaring 3,624,960 About 98% semi~opague,
i) Net Beck. Wood Pat- sand-like, one micron
E:| Gardner tern or less, 2% opague §
M Machine microns or over in
Co. . size,
F

The sand disc in No,

I was used in a well ventilated cabinet connected to a
The men wore goggles and "Camfo" respira-

'ts" motor driven fan by a 7-inch duct,

oTS.

or driven fan.

-

_lverage of about two hours per man per day.

The wheel in No.

The sand wheels in No, II and Hc, III had hoods with about 3-1/2 inches
water suction connected to a 24" motor driven fan by 4-inch ducts,
:Ieither goggles nor respirsters.

The men wore

IV had an exhaust hood with a 6=
nch duct connected to a 24-inch duct which in turn was connected with a 36-inch mo=

(¢) Send §pindie§ or Qx;;ndgzﬁﬁ; Sand spindles or cylinders are used on an

vided for this equipment.

No hood or suction exhaust has been pro-
Men using it do not wear goggles or respirators although
the dust particles produced are more angular in appearance than those produced by

_Jand discs or wheels,

Samples taken dwuring the operation of Sand Spindles or Cylinders had the fol=-
fowing dust concentrations:

Size
(Die. )

Abrasive Used

Work Being
Done

]

Particles Per
Cubie Foot

Characteristics of Dust
Particles (Sizes and
Percentage Estimated)

#Garnet Paper
Gardner Machine
Cao.

Cutting Inside

Core Boxes

2,322,240

About 607 guartz-like
in appearance, ten mi-
crons or over in size;
40 semi-opague five
microns or less insi:ze,

YR
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DUST PRODUCED BY SAND SPINDLES OR CYLINLERS (Concluded)

Size Work Being Particles Per Characteristics of Dust
Fia.) Abrasive Used Done Cubic Foot Particles (Sizes end

, Percentage Estima<ed)
I.1/2" | #1-1/2 Garnet Putting 877,920 About 90% angular crys-
‘ Paper Minn. Taper on talline two microns in

Mining Co. Pattern. size; 10% opague five

: microns or less in
§ size,

vt

!
C, =~ MAKING WOODEN CRATES - Two types of saws are used in preparing lumber for

wxing crates for gasoline pumps and tanks:

() Band Saws - Samples taken during the operation of Band Saw had a dust
s lcentration of 453,120 particles ten microns or less per cubic foot of air. All of
-hese dust particles were round, opaque in appearance under the Konimeter microscope

A'I three microns or less in size,

-

(v) Railroad Saws -~ Semples taken during the operation of an 18" Railroad
?gg had a dust concentration of 3,964,800 particles ten microns or less per cubic

79t of air., All of these particles were round, grayish opague in appearance under
sne Konimeter microscope and about five microns or less in size. There were also nu-
serous minute gray specks too small to count accurately. '

} XII - ROCK EXCAVATION

Rock excavation is usually a dust producing operation which is limited to con-
¢ fuction activities in the petroleum industry. The hazardousness of rock excavation
depends entirely upon the nature of the rock being excavated, the length of exposure
i]d the methods being followed. The principal sources of dust are rock drilling,

.
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" fasting, mucking and handling of the rock, Of these, drilling probatly produces the
gteatest amount of dust.

-

ice which shatters the rock to a powder at the point of impact. According %o
Theodore Hatch of the Harvard School of Public Health (M. Y, Ind. Bull.Vol. 15, Nc. 9 =
°}pt. 1936) the particles of dust thus generated vary in size from one~quarter inch
5

;}v A, -« DRILLING - The pneumatic rock drill operates essentlially as a crushing

larger down to sub-microscopic diameters. The dust is removed from the drill hole
¥ a stream of air or water or a combination of the two introduced through the hollow
drill steel. In the case of jack-hammer drilling a considerable amouwnt of rock dust

ected from the hole falls back to be crushed further before it is removed again,
boting Mr, Hatch:

J "The amount of dust produced by a rock drill is surprisingl

ji 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. £ this, at least five per cent. is in

the form of particles smeller than ten microns; hence, more then
fifty grems of dust smell enough to be air floeted is generated
per foot drilled. 1In terms of numbers of particles the figures
ere encrmous - it hes been found that a jack hammer produces as
much 2s one billion particles of hygieric interest during one
minute of operation',

!
3
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B, = BLASTING - It is often said that blasting produces the greatest amount

. lauSu in rock-excavation., This statement is contradicted by some authorities who

Ifer to the fact that the blast dislodges a great deal of dust from the rock sur-
f‘aceS deposited there fram earlier drilling operation in addition to that actually
!'mera*ed by it. Under this condition blasting is undoubtedly followed by a higher
) Et concentration than in the case when all the dust produced by drilling is cap-
ﬁured and comveyed to a remote collector so that only that actually generated by the
rvplosion escapes into the air,

While it is undoubtedly true that if drilling 1s done dry, there will be de-

QOSi*ion of some of the dust on the surfaces of the excavation and later be raised
1 blasting, however, dust from this source is minimized if drilling is done wet,

kause the slushed out particles tend to form agglomerates, which are not so readi-
1y raised by the blasting operation. Also, when good practice 1s followed, the face
¢‘m sides are wet down with water before blasting, and in mining work, there is a

ntinuous water spray that is started onto the heading before the blast takes place
gnd continued for scme time after to help allay the dust and to wet down the material,
so that dust raised during mucking will be at a minimum.

C. = MUCKING - The amount of dust produced by mucking and other rock-handling
ope*a*ions varies greatly with the nature of the operation. On open excavation it
probably of little importance, but in confined sources as in tunnels and mines
le dust conoentration associated with rock handling may reach dangerous levels.

D, = DUST CONTROL -~ Methods for the control of dust in rock excavetion as
?gggested by Mr. Hatch include:

(a) = Wet Drilling and Wetting Down Rock Walls and Muck Piles - In general it
y be said that water is less effective against quartz-bearing rock than against
lica~free material such as lime~stone. The usefulness of water is limited when
‘reezing temperatures are encountered and it produces otjectionsmble working conditions
“jpecially for overhead drill operators and is certainly to be avoided if a pneu-
nia hazard exists. A fundamental objection to the wet method is that the dust is
10t removed from the scene of operation but simply suppressed near its source where
4 remains to be thrown into the air by a subsequent disturbance such as blasting.

~ (b) - General Ventilation ~ The purpose of general ventilation is to dilute
‘he dusty air with sufficient clean air to bring the concentration down to a satis-
i;ctorywlevel. Two precautions are required: -

X Y .

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

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

Jurces of Dust - Effective dust control can be secured by means of a dust trap which
urrounds the drill steel at the rock surface, The dust-laden air is captured as it
}erges from the drill.hole by the inflow of clean air into the trap. To be eflec-
Jve the inlet velocities must be great enough to prevent the outward movement of
dust and sufficient velocity must be maintained at all points within the trap to

Tevon‘ settling and clogging., The collected dust is conveyed by the air-strean
rougn hose and piping to a suitatle dust separator in which the sir is freed I‘rom
v5 dust load and thus is discharged from the apparatus as clean zir. Traps of dif-
erent designs are reguired with various drilling operations and special supporting
ivices are necessary to hold the trap in proper aligmnment with the several operat-
.g positions. (NOT“ -ne dust trap is satisfactory umder many conditions, but egein
nder many other conditions has not preved satisfactory, RS3)
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[‘ The dus%t dispersed during mucking, as well as <hat arising from rock drill-
1g, can be controlled by local exhaust ventilation and requires no elaborate ap-
waratus.

} (d) - Personal Protection By lieans of Resvirators and Positive - Tressure

asks - An effective respirator or a positive-pressure mask supplied with en adeguate

"quantity of dust-free air provides the wearer with protection when it fits the face
roperly and is worn coztinuously in dusty atmospheres, Respirafors end masks have
glegitimate place in the field of silicosis control, especially to provide pro-
Footion ageinst infrequent unexpected dust concentratiors but cannot be recormiended
.s & substitute for dust control in continuous operations.

t

LR

P

e

rocrocouuOouOonNQopooooonoooonoDRnRniI3INNInADD



2 =

PART I} MEASURES FOR REDUCTION OF THE DUST HAZARD

. INNS>
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HOW CAN THE DUST EAZARD BZ REDUCED? - The quantity of dust irheled may be %
minimized by v the employment of these four methods outlined by Dr. M. FKumel in "Medi=-

o]

oal Record”:-

"I, Suppression of Dust Near It's Origin, by the use of exhaust draught, ;
dust traps or water. The water has the advantage of a fly-paper effect on 1
the silica particles, but the humidity created tends to favor infection by
prolonging the life of pathogenic organisms outside the body and facilitat-
ing their entrance into the body.

"o, Admixture of Adulterant Dust with the silica which may assist in
the expulsion of silica from the lungs, retard the process of the diseasse
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-
servatively.

- it el

<

"3, Proper Ventilation, in connection with other methods.

] "4, Masks should be an ideal preventive measure but, wfortunately,
most of the masks stopping the dust also stop the respiration, thus ne-
cessitating their frequent removal. They should be of an approved type,

g properly maintained, strictly supervised and their use rigidly enforced,"

We do not believe that the use of water would have any outstanding efrfects on
raising the humidity 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 bte proved beyond doubt that the humidification of air actually favors
bacteriocloglcal growth to the extent that the incidence of disease from pathogenic
!grganisms is raised significantly. There has been much discussion on this subject,

ut little has been proven. Thecretically, it may be admitted that these organisms
live longer in a moist atmosphere than in a dry atmosphere, dbut it is rather hazard-
‘gous reasoning to conclude that for the reasons stated, the use of wet methods in dust
ontrol causes an increase in diseass, ’

‘1~ Ir. XKumel's statement that most masks (we presume he meens resplrato*s) that

s ptop dust alsd stop respirations, is a little strong. There are availeble today
respirators that adequately remcve dust without creating a resistance %o breathing

. ¢n excess of 15 to 30 millimeters of water column, and the tendency of progressive

ufacturers of such devices 1s to further lower the resistance., Men during the

~var actually did fighting while wearing respiratory protective devices that had as

_much as 50 to 75 millimeters resistance., The resistance figures given for respira-
bo”s are measured at a rate of air flow of about three cubic feet a minute which is
_2quivalent to the amount of air breathed by a person doing hard physicel work,

Dust Respirators and Air Masks - Respirators and masks of various types have
een used since the days of the alchemists and are mentioned by Azricola, Ramazzizi
and others. Control of the dust hazard by means of respiratory protective eguip-
ment is effec tive, provided:

(1) the protective ecuipment is efficient, and
f (2) it is worm continuous? y.

Efficient equipment is availatle, but Jor contizuous use, day after day, thisnethed

v
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» ~ontrol cannoct be depended upon to provide the first line of defense; in this re-
>¢ £ it may be likened to the use of personasl immunization as a primary sefeguard
sainst the spread of typhoid fever. Dust respirators and air masks do, however,
:ve e definite place in the field of dust control, especiallv as an emergency
2 ure, as e means of protection on *n’reque nt dusty occupations and as an adiunct
> .ther more fundamental methods of prevention.

T

! Reports made to the National Silicosis Conference, called by the Secretary of
E’r in Februery (1937) to study specific phases of the silicosis problem and pre-
nt suggestions for its solution, contained many recommendations by qualified &au-
omities on the subject which have been successfully employed under actual operating
g‘litions. Briefly suwmarized measures for the control of dust and the preveniion
yneumoooniosis include:

wooW

3

A, - DESIGN PLANT FOR DUST CONTRQ - Much can be accamplished through &
1vi new buildings are contemplated or when old buildings are to be remodeled.
zstance, structural projections and ledges may be minimized to prevent the accumu-

1" jon of dust that might later be released into the atmosphere by air currents or
£u11ding vibration caused by travelling crames, vitrating machinery, and egquipment

have large reciprocafing parts. The Engineering Cammittee recognized the fact

*aT our present day engineering and structural materials for factories do not per-

s

7

i lelimination of innumerable ledgss and projections without prohibitive building

aud roofing costs. However, building interiors should be so contructed that they may

o easily cleaned by washing, hosing, vacuum cleaning or brushing. In some cases

zigations may be located over gratings, beneath which equipment is provided for re-
ng the matarials and dust that fall through.

B, = PROVIDE BUILDING VENTILATION - Natural ventilation should usually bte
idered only an adjumct in removing or reducing dust in the air. Even though it
s possible to have high roofs in one-story structures which will give the greatest
enefit from natural ventilation, such methods camnot be relied upon to provide cam-
lnte protection in dusty operations. Where mechanical ventilating systems ere pro-
i.ed, care should be taken to prevent strong drafts from open windows and doors de—
troying the effectiveness of the system. Guards and shields should be placed in the
i"Pnity of hocded and partially enclosed processes to prevent such a conditioz.

C. = STORE DUSTY MATERIALS IN DUST=TIGHT BINS = Dusty materials should be
tred in dust-tight bins, tanks, or enclosures, but each structure cf this type
AFld be provided with a breather or vent stack -~ perhaps with an exhaust fan in
2e stack -- to permit the air displaced during loading to be carried outside the
zild-ng. Basements may be used for storage purposes but should not be used for
: ky manufacturing operations.
!

D, - ENCLCSE MATERIAL EANDLING EQUIPMENT - Excessive dust created by mechan-
material - handling equipment can usually be controlled by provision of adequate
sing and application of exhaust systems., Some materials can be kept in a moist

ondition while being handled, but when this is dore, the material may dry out and be
ipersed into the atmosphere as dust.

. E, - ISOLATE DUSTY PROCESSES -~ Where possible, several or all dusty processes
xy be isoclated from the rest of the plant. This sometimes permits the installation
la more compact exhaust system resultlng in more efficient operation and lower mein-
‘ance cost,

F. - PROVIDE WET METHCDS OF OPERATION - Water, oil, and other liguids mev e
3d effectively: '
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To suppress dust at the point of origin in such operations as
rock-drilling; handling, pulverizing, and milling rock and ore;
grinding metal on grindstones; abrasive-wheel cutting of
granite and sandstone.

To prevent the re-dispersion of dust that has settled on the
floors, walls, and other surfaces such as in the granite indus-
try and in foundries,

~ [ESIGN EQUIPMENT TO CONTROL DUST - When new machinery or other eguipment

s contemplated. the manufacturer can frequently be encouraged to include dust con-
rol features such as exhaust hoods as an integral part of the design and construc-

tion.

H

-~ PROVIDE EXHAUST SYSTEMS - In same operations, exhaust systems may bde

irstalled to remove dust at its poinmt of origin. In many cases several small systems
are preferable to a larger system. Any mechanical ventilation system should be de-
ign;d to meet at least the minimum requirements of local State laws or industrial
odes. or lacking such requirements, should be installed according to the best ac-
cepted practice.

l

4
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I.

Dust Arresters - Provision of dust arresters will prevent
hazardous dusts from being circulated into other parts of the
plant or into the neighborhood. The location of dust arresters
is very important, particularly if dry types of arresters are
used, Provision should be made for removal of the collected
dust without its escape into the area where the arrester is
located, . -

~ ESTABLISH MAINTENANCE AND GOOD BOUSEKEEPING PROCEDURE - Good housekeeping

s uwnquestionably the cheapest single method of controlling dust. Maintenesnce goes
ith it hand in hand. The best equipment in the world will not control dust if su-
"perintendents, foremen, and workers are careless and disorderly im their work, Eight
uggestions are advanced by the Conference Committee:

.
]
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8.

If dust-tight equipment is installed it should be inspected at
regular and frequent intervals and all derlects should be cor-
rectad as soon as they are detected., ..

.9 .

Operations should be performed in a manner that will create the
minimum amount of dust,

Use water under pressure wnere possible to clean building inp-
teriors, )

If practicable, combine water with air for cleaning purposes.
All cleaning should be done, if possible outside of working

hours and men engaged in this operation should be provided
with dust respirators.

Vacuum cleaning removes dust without dispersing it elsewhers,
g J3 g

Brushing is particularly adaptable for cleaning dbuildings of
the older type of construction.

Low=-pressure steam can sometimes be used to advantage.

T TR TR M

LETPII



TN

Tem—
TN T ey

i

g

|

8, A responsitle person should be assigned the task of supervis-
ing maintensnce and housekeeping activities. Among other
things he should make tests from {ime to time to make sure
that the dust control program is achieving the desired re-
sults,

J, = PRCVIDE RESPIRATORS -~ The Conference Committee was of the uneminous opin-
jon that "dust elimination must be given primary consideration in sclving the sili-
cosis problem". MNevertheless, when known methods of elimination are not appnlicable
or are ineffective, respirators should be provided as "a last resort and for oc-
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 inapplicable and ineffective, and respirators will be required for doing the
work, also that there will be situations where respirators will be the primary
‘means of protecting the workmen., The scope of good use of respirators is consider-
ably beyond that of occasional exposure. The need of rotating personnel depends on
the type of work done and the supervision given the workmen. In some operatins,
respirators are as much a part of the workman's equipment as his tools. Certainly,
it cannot be expected that a person can wear a respirator for several hours con-
tinuously - but how mdny jobs are there that would require a person to keep the res-
pirator on continuously for an extended period of time, The common practice in the
majority of industrial occupations is that the person is intermittently exposed and
is afforded many opportunities for the periodic removal of the respiratory protec-
tive device. The two general types of respirators which the Committee considered
sqsuitable for protection against silica dust are:

N

e

(a) Air-purifying respirators that filter out the dust particles.

J (b) Supplied-air respirators in which dust-free air breathed by
the worker comes to him from an uncontaminated outside source,

ost respirator manufacturers have submitted their devices for testing and apporoval
y the U, S. Bureau of Mines, and only those which have been approved should be used.

(a) Air-Purifyingz Types of Respirators - Of the air-purifying cless, the type

ost commonly used is “the mechanical filter respirater for mecqan“callv-gene*a*ed
dust. These respirators give no protection from gases and vapors. They generally
| consist of half facepieces to which are attached an exhaust valve and a filtering
edium that, Jemoves the dust from the inheled air; some are equipped with a filter
ediwm that removes paint mists and some fumes. They are 1light in weight ard inex-
pensive., Filter nads must be changed at certain intervals, depending on the concen-
ration of dust. Some types restrict the field of vision. The general requirements
of a safe and suitable Mechanical filter respirator are (1) adequate protection, (2)
reasonable comfort and convenience, (3) an acceptable service life period of protece
-ttion, (4) easy cleaning and sterilization, and (5) low cost of maintenance in good
]s erviceable condition.

tudies of mechanical filtration by {fibrous materials made by such agencies as
ne United States Bureau of Vines (U.S.Bur. of liines, Tech, Paper Nc.394 (7926 and
«S. Pub, Eealth Bull.No.177 (1928)) and the Harvard School of Public Heeltih (Jourﬁ.
Indust. Byg. 9,26 (1827)) revealed that filtering efficiency varies with the particle
Isize and the amount of solid par<iculate metier reteined; also the< %he resistence %o
eir Tlow varies with the emount of solid particulate matter retained and the rate of
air flow. After 211, the fundamentel basis for judging the suitatilify of a respi-
rator is wnether or not the amount of dusv that is unretained or escapes tn:oug, the

fllter under conditicns of practical use is below the emount that would de harmful
to Treathe, This is nct related to any nercezta:e efficiency. In c"ﬂe* o neet the
Sureau of llines recuirements for approval, e respirezor must setislectorily remove

rw_w o r MO AN QP YN OO0 0D O000N 0N AT A



1 “T7T=
’ )

: dusts of the following size characteristics:

% 99 per cent smaller then 2,80 microns
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I+ will be 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. Cenisters
will not remove dusts of +these characteristics and should not be used as dust respi-
rators.
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In order to obtain the desired protection, it is essential that the face-

pieces of the mechanical-filter respirators fit the face of the workman snugly but
. with a minimum of head-band tension. A simple practical test, sugzested by Carlton
E. Brown of the U, S, Bureau of IMines Experiment Station in Pittsburgh, Pemnsylwania
(Jour. Indust. Hyg. 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 con-
-y centration of coal dust. The time of the test can be shortened by blowing a stream
‘J of air containing a high concentration of coal dust around the edges of the Tace-
" piece., The location and approximate magnitude of the leaks are shown by streaks of

coal dust on the part of the face covered by the facepiece. Another test, accarding
; to Mr. Brown, consists of plugging the intakes of the respirator and then atiempting
¥ to inhale. This type of test could well be supplemented by the Coal dust test,

(b) Suvplied Air Respirators - Industrial processes such as pneumatic drilling,ab-

4 rasive blasting and spray coating have introduced atmospheric conditions for which

the air-purifying type of respirators are not particularly suitable., Certain kinds

of pneumatic drilling are responsible for dust concentrations so high that they would

rapidly overload a dust respirator. The operator of an abrasive blasting outfit
4must be protected not only against the inhalation of air containing high concentra-

tions of dust, but also against impact and abrasion of the head and shoulder by the
]rebounding abrasive and loosened abraded material, Spray coating is resporsible fre-

quently for pollution of the swrounding atmosphere by a cambination of particulate

matter (mists that are liquid particles or a combination of solid and liquid par-
yticles) and harmful vapors resulting from the evaporation of the liquid vehicle of ™
]the coating%sed in the spray gun.

P

Since these operations are carried out frequently in isolated places and at
different locations at variou:s *“imes, they do not lend themselves always to gzeneral
-scontrol measures, Therefore, supplied air respirators perform a definite service,

The types in general use are those asomonly known as hose masks, air-line respirators,
‘]and abrasive blasting respirators such 25 sand blast masks, helmets, end hoods.

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

1. NO registance to inhalation.'

2. Freedor from inward leakage of contaminated air,

e

mospheres deficient in oxygen which will not poiscon or irrif
the skin,




4, The Inflowing air reduces excessive perspiration end tends
to cool the face,

’ 5. VWhen a hand-operated tlower is used a second person is always

’ present. (With an approved mask, provided the facepiece is
‘ tight, the wearer can inhale encugh air through the hose to es-
L cape if the blower should stop).

The Ailr-Line Respirator consists of a tight-fitting facepiece, a loosely

ing faceplece or even a helmet or hood covering the head and extending down over the
neck or shoulders. The air supplied to these respirators has been largely that ob-
tained from the compressed air source used in the performance ol the work, as in
‘sand blasting, pneumatic drilling and spray painting, This air is f{requently con-
taminated with objectionable and, in some instances, harmful substances which, to same
extent, can be removed by means of air-purifying appurtenances. In discussing "Res-
piratory Protective Devices" in the February (1937) issue of the Journal of Indus-
frial Hygiene and Toxicology, Mr. C. E, Brown of the United States Bureau of lines
rwrote:

|

; "Using air from the ordinary compressed air system found in indusiry
’ to supoly respirators is not to be indiscriminately recommended. These
] campressed air systems are usually of the high pressure, internally lu.
tricated, reciprocating-compressor type. The air supplied by these
systems is contaminated freguently with malodorous constituents such
as vapors, mists and products of decamposition of the compressor lu-
bricant, slugs of water, and rust from the pipe line, All or most of
these contaminants can be removed probably by some of the commercial
] air purifiers sold for this purpose. A pressure-reducing mechanism
} should be used also in the line to prevent any possibility of sudden
‘ accidental blasts of high~pressure air fram injuring the lumgs of the
wearer of the respirator, With a compressor of this type there is always
l the possibility, however rare it may be in well-kept systems, of the
generation of carbon monoxide due to overheating of the compressor lu-
bricant (Jour, Indust,Hyg, 18,461 (1936)). This danger can be minimized
eliminated by the use of temperature cantrols or carbon monoxide alarms
] on the compressor which, of course, should be so meintained as %o pre-
vent the generstion of carbon monoxide. , p
} "The®*trend in supplied-air respirators is to use speciel low-pressure
. externally lubricated, positive-pressure air-supply devices. DMost of
the objections to the high-~pressure reciprocating-type compressor do
not apply to an air-supply of this kind, Since these devices are not
common in industry, however, it is usually necessary to purchese a
special one for use with the respirator, Since air purifiers, pres-
sure-reducing mechanisms, and special compressor-conirol or alarm me-
chanisms are not necessary, the price of this respirator complete with
air-supply device should not exceed that of the other type of respira-
tor without the air supvly system

L&

- "The use of a special alr—cond}
ture and humidity of the air suppl
sirable. "

tioﬂlng unit to regulate the tempersa-
ied to the respirator wesrer is de-

The minimum air supply for a respirator designed to use all
retory needs st a high degzree of efficiency 3 ~enerally agrsed
zierists to be at least four o six “imes <he ai .r treethed per min
:nerel cless, espiretors with locse-Tiltting hcepzeces, hociz, or
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rore air than those with tight fitiing facepieces.

There is some difference of opinion among users of respirators as to whether
or not adgustments should be provided whereby the wearer can vary the flow of air <o
meet variations in his requirements. It was the opinion of the National Silicosis
Conference Cammittee that definite recommendations for all situations cannot be
made, but for many situations, and particularly where tight-fitting facepieces are
used, an adjustable f{low is desirable and may even be necessary; also, mos®t workmen
can learn to adjust the air properly. On the other hand fixed-flow procedures re-
quire a minimum amount of instruction and supervision and are the most conducive to
safety under all conditions,

While Hose Masks and Air-Line Respirators have many definite advantagzes the
area of travel of the wearer is limited to the length of the hose, and movements are
handicapped to some extent by the hose. Manifestly, the air for the hose and the
mask should be fresh and pure, but unfortunately this is not always so.

Abrasive Blasting Respirator - Abrasive blasting respirators consist essen-
tially of & hood, with windows, that fits loosely over the head and shoulders and
designed to withstand and protect the wearer's head, neck and shoulders from abra-
sion by the rsbounding of particles of sand or grit; and a supply of fresh air, at
least six cubic fleet per minute, blown into the hoods Only equipment which has met
the United States Bureau of Mines test requirements and which is approved by <he
Medical and Safety Departments should be used.

(¢) Acceptance and Use of Personal Respiratory Protection by Workmen - As stated
in a paper by G. M, Kintrz and B C. Fowler of the United States Bureau of Mines
(I,C. 6915 No.v1936) presented at the International Petroleum Exposition and Congress,
Tulsa, Oklahoma, May 21 1936, selecting respiratory protective eguipment is simple
compared with getting men to wear it after it is supplied, Generally workmen will
wear masks readily in places where they have seen others asphyxiated, or in some
similer trouble, but they are likely to resist wearing protective equirment where
the dust cannot be seen or where the fumes and mist have no objectionable odor.
There are three main reasons for such resistance:

-

First, inbred objection to any new idea;

«n 3econd, the feeling that the individuml is a superman and '
‘e can "take it" without protection; and,

Third, the inconvenience of wearing the equipment,

In a survey conducted among the employees of the Colgate-Palmolive-Peet Com-
peay by Mr, F. H, Wallner of that Company's Insurance Department, it was found that
the men didn't like the disfiguring appearance of a "muzzle" over their faces. This
survey also disclosed that some workers objected to the respirator because they
thought it made breathing difficult when the real trouble was that they wers not
breathing correctly. Breathing through a respirator should be done deeply and slow-
ly and after the proper habit has been acquired much discamfort mey be eliminated,
Quoting Mr. Wallner:

"Foremen should appreciate that the position of the straps that

hold the respirator in place has much to do with caxfort., They should

learn whether the straps should be worn over the head or around the

neck, Some types have two straps, one to be worn around the neck, tie

other around the head.”

3 ' 2 - - " "
Probably the most effective plar in getting respirators worn is first to "sell
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.the supervising personnel who in turn should "sell" the worker by education, possibly
iaocompanied by strict and fair supervision and discipline. Employees exposed to dust
‘hazards requiring the wearing of respirators should be convinced <hat it is essential
to sacrifice some comfort and dignity to avoid serious cases of disability and suffer-
.Eing. Every worker should have his own respirator. It requires time and effart to

, '‘adjust this protective device so it contacts the face snugly with & minimuzm of head-
| pand tension. It cannot be expected that the average workman will readjust a d4if-
iferent respirator each day. Also, the psychological effect of using a respirasor
|[worn previously by another worlman is not unimportant. Although he may not say any-
thing about it, it is naturally revolting to most men's principles of bodily sani-
tation to have to clamp over his face a device that has been soeked with sweat and
dirt of another man's face and into which one or more men have breathed day aflter
day! It is too much like using the other fellow's tooth brush. The best practice is
_to mark every respirator so each workman cen identify his own.

e ¥ st ————————— o—— —— ———— t——r——

vices must be maintained in a condition substantially the same as when received from
the manufacturer., Depending on the density of the dust replaceable filters should
be changed frequently to prevent their becoming clogged and usually it is desirable
to use a respirator without a facelet. However, if they are considered necessary,
;the facelets should be changed often to avoid skin irritation. A clean facel: gives
the respirator a clean appearance and removes one objection to wearing i<,

The Colgate~Palmolive-Peet Company found that the habit of some workers of
g;removing their respirators at intervals caused skin irritation. Everytime they did
this, dust settled on the surfaces that lay next to the worker's fuce and irritating
particles were transferred to the skin when the device was replaced. It is, there-
yfore, best to have the employee wear his respirator constantly while under exposure.
In some cases, ointments or petroleum jelly has helped to overcame the irritating ef-
“fect of points that contact the skin,

Where a considerable number of respirators are used, it is good practice to
have a "Respirator Room" with an attendant who issues the respirators and cleans,
sterilizes and otherwise keeps them in good condition. Respirators may be cleansed
by washing and brushing them with an antiseptic soap and warm water. They should be
checked for damaged or improperly functioning parts such as rubber valve seats and
head-bands, If defective, these should be replaced by new parts,

o

el

’

MEN WORKING ON DUSTY JCBS? - It is essential that adequate medical control be ex-
ercised. Such conirol should include the examination, prior to initial working on
dusty Jjobs of the worker to insure that he is a suitable physical subject, This ex=
emiration should preferably include X-ray examination of the lungs which permits
closer control with subsequent X-ray tests as well as being a protection +o the em-
]plcyer in the event of amy later legal action.

|

_} WEAT.¥EDICAL CONTROL SHQULD BE EXERCISED IN THE SELECTION AND SUPERVISION OF

A worker, to be classed as physically suitable, should te in addition, de-
termined to be a nose-breather rather than a mouth-breather and the natural filier-
ling capacity of theMiose should be found to be satisfactory. G, Lemmenn (J,Ind,Eyz
17,37 - 1935) indicates that the "Silicotic susceptibility of workers with poor na-
sal filtretion is much greater than that of men with good nasal filters”., IZe ad-
?vises that jobs with a silicosis hazard be held only by men with :zood nassl Tfiliers"
fand that mouth breathers are an especially bad risk, He suggests =het the "dust re-
talning capacity of the nose be used as an index of the individual's guallilication
ifor working in a silicosis producing atmosphere". It is possible <haz Sterustein's
technicue for measuring nasal resistance ("Industrial Dusts - 2. 65) could e develop-
ed izto & simple procedure for selecting men best adapted to dust exposure.

I3
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for dusty jobs men who are past the age of 40 and not young men just taking up a
trade.

All workers engaged in harmful dusty operations should be periodically thor-
oughly re-examined, including X-rey tests. Particular emphasis should be placed on
any indication of shortness of breath and chest pains

Regulations should be enforced concerning the time limitation of work of any
employees involved in a dust producing operation. Such Company regulations concern-
ing sandblasting calling for a fixed six~month maximum period on swh work, after
whioh & minimum six-month period away from dust producing work should be followed

- more closely.

For protection from a legal angle, the worker should be given a finel thor-
ough examination including X-ray before being permanently transferred to same other
type of work, laid off or discharged,

CONCLUSION

There is still a tremendous amount to be learmed about pneumoconiosis and
dust-producing operations. One thing, however, is certain -there is a very definite
tendency to require compensation for industrial or occupational diseases. If these
compensation costs are to be kept to a minimum and the health and safety of workman
ere to be promoted it will be necessary to meke further studies end to promptly
adopt adequate precautionary measures. Many of these are now in effect, the others
should be put in force as soon as possible, After years of study and direct contact |,
with the Dust Problem, Mr. Dan Harrington, Chief, Health and Safety Branch, United
tates Bureau of Mines, has came to this conclusion (Eng. & Min, Jour. March 1937
pps. 119-21) with which we are heartily in accord

L

"In the maze of uncertainties comnnected with almost all phases of
the causation and diagnosis of dust disease, about the only really
well-determined fact available is that breathing large quantities of
dust (or possibly of certain dust) over extemded periods is likely
under some conditions to be harmful to health and that subsequent al-
leviation or cure is difficult or impossible, Therefore, it would
seem to be logical tc try to prevent dust formation thus preventing
it frqgm harming workers through respiration or otherwise. Here is a
real job for the engineer, and little or no help can be expected in
these vital functions from any agency except the engineers and operat-
ing officials.

"The most harmful of the ordinary dusts to breath is probably
silica dust, but, on the other hand, not even free silica, supposed-
ly the most detrimental of the silica dusts, is harmful unless it is
breathed, in considerable quantities and over extended periods. Mo
human being ever lived any considerable time on this earth of ours
without breathing silica dust (free silica dust), yet by no means all
of the people of the world have or have had silicosis, In other words,
the quentity of dust taken into the respiratory organs is a controll-

& ing factor in dust respiratory harmfulness.

-

"One cammon-sense answer is that eny atmosphere in which dust is
visible to the naked eys is certainly too custy %to be treathed with

; salety by human beings, and the wise, farsighted, human emplerer will

: immediately start to decrease the dust content in any atmosphere where
dust is wvisibdle. fter he has eliminated wisihla dwn-®

e
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for .-dusts; joba men who are past the age of 40 snd not youmg men just teaking up a
trade,

All workers engaged in harmful dusty operations should be periodically thore
oughly re-examined, inmcluding Xe~rsy tests. Particulnr emphasis should be placed on
eny indication of shortness of breath and chest peina

Regulations should be enforced concerning the time limitetion of work of =mmy
employees involved in a dust producing operatiom. Such Company regulations concern~
inpg sandblasting calling for a fixed six-month maximim period om such work, after
which a minimum six.menth period away from dust producing work should be followed
nore closely.

For protection from o legel angle, the worker should be given a final thor-
cugh exsmwinstion including X~ray before being permanently transferred to same other
type of werk, laid off or discharged,

CONCLUSION

There is s+ill s *tremendous esmount to be learned about pnevmoconiosis and
dust-producing operations. One thing, howeve:r, is certain ~there is a very definite
tendency to require compensation for industrial or occcupational diseases. If these
compensation costs are to be kept to a minimum mnd the health and safety of workaoan

stould be put in force as soon as possible, After years of study and direct combtact |
with the Dust Problem, Mr. Den Harrington, Chief, Health and Safetr Branch, United
States Bureau of Mines, has came to this conclusion (Eng, & Min, Jour, Marep 1537

pps. 118-21) with which we are heartily in accord

"In the meze of wnceértainties connected with almost all thases of
the causation and diagnosis of dust dissase, about the only really
weoll-determined {act available is that treathing large guantitiez of
dust (or possibly of certain dust) over extended periods is likely
under some conditions o be harmful to health and thet subseguent al- ,
leviation or cure iz dLfficult or impossible, Therefore, it wouwld ’
seem to be logical tc try to prevent dust formatiom thus prerenting

real job for the engineer, and 1itile or no help can be expected in
these vital fimections from anmy agency except the engineers and operete
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"The most harmful of the ordinary dusts to treath is probably
sllion dust, but, on the other hand, not even free silica, supposed-

S 1y the most detrimentel of the silien dugts, is harmful unless it is
breathed, in considereble ocusntities and over extended periods. No
hunan being ever lived eny considerable time om this earth of ours

i without bresthirg silica dust (free silica dust), yet by no means ell
of the people of the world heve or have had silicosis. In other worés,
the quantity of dust taken into the respiratory orgeme is & controlle

‘ ing fector in dust respirstory harmfulness,

"One ecommon-sepse answer is that any aimosphere in which dust is

visible to the nnked eye is certainly too dusty tc¢ be hreathed with
! safety by humsn beings, and the wise, farsighted, humen employer will e
Imediately start to decrease the dust content in mny eimosphere where ey
dust is visible, After he hes elimineted visiblz dust. there mev S
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st411 remein onough very small invisible dust to ceuse harm to the

health of those who breaeth it, bub in eny event if he has ecxerted suf-
ficient welleiirected effort to remove the visible dust it is certain
that much of the smaller invisible, and probably most hermful dust has

also been rexoved,

™anifsstly, if dust is kept out of the air breathed by werkers,
the latter cexnnot susouml teo dust disease of a respiratory character.

"
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