Ui R A e dt N

1 Thc hterature _on hazardous. ef-
fects of dust is S0 extens:ve that no at-
tempt has been made here to cover the
subject in all of its ramzﬁcauons, but
to assemble only the outstanding data
on several of its aspects. This pam-
phlet is intended for employers, plant
safety engineers, personnel managers,
and supervisors generally, The subject
has been approached from the prevention
" angle, giving general infornjation on oc-
cupational diseases ‘ciused by dust and
on methods of ‘control. , No. reference is
made to the economic and legal aspects
of dust diseases in industry and none
of the uncommon du._f»ts a$, for instance,
might be found in the pharmaceuueal
industry, aré discussed. ‘There is a short
section on dust exploslbxhty ST
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Physxologxcal Effects of Dust

2. The inhalation of ‘dust may pro-
duce different types of re.actmns in hu-
man beings: iy

a. Pneumocomoses (sxhcosxs and asbes-
tosis) which result in specxﬁc lung

pathology. R T T
2a. Silicosis increases suscepub:lny to
. tuberculosis. %5

_b. The systemic reaction nused by such
toxic dusts as lead, radium, man-
ganese, cadmium and mercury com-

- pounds, when either breathed or
-swailowed or possxbly absorbed
through the skim. =~ .. .-

‘. A transient disorder kmown as metal
. fume fever, from .the inhalation of

_ finely divided metalhc dust or fumc‘

particles such as zine oxide.

d. A reaction, allergic in nature, caused

by breathing ormc dusts such as
pollen, flour, certain pulverized woods.
¢. An increase in bromchitis and other
-, acute respiratory infections by breath-
Py
7y ing inert, non-fibrosis-producing dust

: ~ ~ such.as. coal, cmery, hmestone, marblc. .'

*3 In each of the above cases, the
mhalanon of dust can be the sole cause

.. Figure 1.7 Dust

o M £ ED 25
- This pamf let is one of more dun 150
Safe Practices and Health Pracices
Pamphlets. It'is 2 compilation of experi-
in, accident prevention from many
,sou:ca. "It should ot be assumed, how-
ever, chat ‘it" includes evety az::epmble
procedure in the field covered. It must
not be confused with American Standard
safety codes; federal laws; msunmce re-
quirements; state laws, rules and reguia-
tions; mumczpal ordinances, Addi-
tional copies of this pampblet are avail-
able, Member price, 35 cemts each. Quan-
1ty and non-member pruex on. ngae:t.
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of disability. ‘iwx the’ ‘toxic dns{.e;;
trouble may Tesuit from swallowing or

‘more rarely from skin absorption, as well

as’ from inhalation. ~Inbalation, how-
ever, is' by far the most important
means of absorption of industrial dusts.

%4, Irritation and ‘ulceration of skin
and mucous membranes may be caused
by such dusts as lime and chronuum
compounds
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Pneumocomosxs R

5. Zenker apphed the name “pneu~
monoconiosis” to the various changes in
the lungs caused by the inhalation of
dust. The term has now been shortened
to  “pneumoconiosis.” It represents
three words t’rom the Greek whxch mean
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- meaning of the word ‘involve -
- cept mereiy ‘of “dusted lung “The kind
“'of dust “inhaled determines’ fhe type of
- injury | noted in  the lungs Howevet,'
“there is’ one pathologxca.l procass “which
underlies lung disease caused by dust.
This consists of & fibrosis”or & “replace-
‘ment of the elastic tlssue of thé lungs
by an impervious scar ‘tisstie, ¥ ’vj"}zi‘;
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6 - Research on pneumocomosm has
‘been carried on in the North ‘American
. ‘continent more actively iny; the . past
‘decade than in any other period. ‘The
hysteria with regard to’ silicosis "and
other occupational diseases ha., now
‘largely subsided, and the subyect 1s be-
"ing more carefully considered and more
soberiy ;udged "'6;, Hygaat 2uisn
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7 Modern manufactunng met.hods
are, in many instances, creating consid-
erable dust. Much of this dust is often
released in the immediate area where
men or women are working, and this
fact compels a pracncal solution of the
problem y,u., o

. i

. 8. The first step in the prevenuon of
mjury to health by dust is the control of
its concentration so that workers will
not be exposed to injurious amounts. In
order to obtain wide spread control of
dust throughout industry, it is necessary
that information be developed and dis-
seminated on the effect of various kinds
and amounts of dust to which workers

o Talal

are exposed - ,f—f--: 3:(,‘_“
LT e fl'ii A;)
Ongm ‘and Propemes
. R RS ~:‘.',I'
Physxczl '.. ~ * LT

e X X Dust is formed by reducmg sol:d
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: - crushing, bla g an and

: produce dust particles of sizes from th,ed_
microscopic to the visible, their’ oomposl- ¢ n » a‘

. tion being the same as that of the parent | ' a.3n ion oF

: matenalsglf Dot altered chemically dur; “ticle of : qtm'tz may be,seer,l when }he 28" bww and fungi. "

. ing the subdivision, ” Frequently the parncle is as small as 20 microns in'di- * “found 'in .low concen f
percentage of some hard mineral such as ~ “ameter. . - ciated with non-living
quartz in the fine dust may be less than™ ‘that individual * dust P"-md6
that in the parent material. ,Cominoh 'emough to_reach’ lung - tissue 2t

‘the mineral "or 3 ually mvxsible to the na.fed

d animal hair, horns,
anhtherxa, tuberculosxs,

x ~srifrom. exposuré to” “infected™
. : S g&_;,%;ghanges sud‘aszmc Onder formed ,Y.’h_a.’ - $tenal-sensxuzed dust_ Gix
: 0 Smoke from urning ¢ mrbonac’e- burning zinc vapors’ arise_ from molten ., cause of allergic” diseases

ous fuels—coal, ofl, wood, efer—con- ~brass, o lead occurring in ‘the exhaus. _;;_l;a fever, eczen "‘mxsramé"ﬁu

tains droplets as well as; dry md‘ -/-ofamotor carbummg gasolineco tain-’
.. Yobacco, for mstance, produc&s a ‘wet | g : =4
* smoke composed of minute tarry drop- chmcal ;
- lets. The pamcle size of tobacco smoke e £
» 15, The c.hemxca.l a.nd mmera.logml

) * make-up of the dust are the deudmg__, 7 ngin_n
- 11 When asohd is broken mto ﬁne- factors in determining its’ injurious qumng a living org‘amsm"‘t }){o& e
2 1y divided particles and released in the * properties. If has been shown that sili-" *“them. " Many dusts not’ Cf”’ed as toxic ™
: air, one of the important changes that con dioxide (free silica) in the form of  com® under this classification Classified
: - .. under inorganic are toxic ancf/or irritant, |
.take place is that the space occupied _quartz may produce adxsablmg fibrosis, ﬁbmm,p,odumg ind on-fibfosis-pro- '“
. by the broken material and also the sur- " whereas' little_or no fibrosis is produced ducmg dusts. B
. face areas are increased many times’ by the equally hard and sha:p comered ;
. from that of the original mass. For ex- alununum oxide ﬁﬂemery)‘ Pt w@,%mx
i ample, if one cc. (.061 cu. in.)’ of quartz = 1ﬁ %
. i crushed into particles ome "cubic . Class ‘génon 0
ma'onmsxzc,thcremﬂbelo"jlooo-, ¥ ety
000 000,000 or one trilhon) partxcl& 3

coxnpounds, such
arsemc, czdmmm, zm

“meters (9300 sq. in.) as compared with

* six square centimeters (.930 sq. in.) for

the original block. If we assumé a dust

. toncentration of 100 million particles to -

each cubic foot of air, the one cc. of
o matenal vnll occupy an axr space of

12 W‘tb the exceptwn of such £
- _.brous material as asbwtos, the_ dust par- _
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A partl
will stick. Also, the nose conta.ms han's

- lie. free in the. mtsueg_‘or

Ngamc, slzghxly “soliihle_dusts,, W] "
. Aibrosis”in the” lungs&ﬁfm ,ﬁ?’y

. Indluded” “are alutmnu.m
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ages, on the walls of whxch du.ét

which catch some dust. However, “the
respiratory system can’ me “ovet-
loaded with dust, and when this’ bap-
pens, the dust catchxng mechamsm
functions poorly. - e

.18. C. E. Brown has esnmated the
average amount of dust a norma.l man
will retain. Breathing at the rate of 20
respirations a minute, for example, he
will inhale about 10 hters a minute and

- retain 60 per cent of the inspired dust.
"It is estimated roughly that the reten:

~

tion of ‘common silica dust is about 50
per cent, but the way this dust may be
divided between the upper and lower
respiratory passages has not been clear-
ly defined. Drinker has observed in the
case of metal fume fever that slow, deep -
breathing, possibly five or six breaths a
minute, is much more likely to produce

-a fever than the normal rate of about

15 breaths & minute. This is supposed-
ly due to the higher retention of dust re-
sulting from deep breathing. However,
we cannot select by any known exami-
nation the men best suited to dust ex-
posure, although some men show them-
selves obviously un.ﬁtted for dusty at-
mospheres. o

19. The way in whlch dust parncles
are removed from the respiratory tract
has been described by Dr. A. E. Barclay,
British specialist on X-ray. The bronchi
or respiratory passages, are covered with
a number of tiny, hairlike cilia or mi-
croscopic whip lashes. These cilia make

‘Rz'

a fast stroke in one direction and a

slower return stroke. They cover the
passages leading to the lungs, and all
keep in time with each other. This tends
to push any foreign particles of dust up-

. ward in the direction in which the cilia
. bend, so that the particles may be ex-

pectorated. Dust particles which reach

 the inner recesses of t.he Iungs are also.
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ae smaller dust pamcles settle out rgoré ¥
st

s'lovglyk, The, settling motion of &

parucle through' still “air waI'vary wxéh

parti
t:g ,ed,theynﬁﬁstbesmallenough
taboutmthea.u'orbemmed
by air ‘currents, ‘It has been shown by
research’ that dust pamcles ‘must* be.-
smaller than 3 “microns in d:ameter to

mosphenc dusts include a ma;onty of
parnc.les smaller than this sxze, t.he par-
ticle size distribution of dust in 'the air
is'of little significance. McCrae showed
that 70 ) per cent of the partxcl& in sili-
cotic Iungs were found to be less than
one micron and that the largest parucles
did not exceed 10.5 microns in their
greatest dimensions. Results since ob-
tained by other investigators have
served to substantiate tlus compa.rat:v&

B

ly early statement. 'L

*22. In silicotic Inngs, dust pa.rucles
under 3 microns greatly outnumber those
of. larger dimensions. Some have be-
lieved that the human rxpiratory
mechanism is responsible for this size
. grading. It must be realized, however,
that considerable size grading is done in
the air before the dust comes into con-
tact with the respiratory organs. An
excess of small particles may be found

" in the lungs simply because smaller par-

ticles remain suspended longer and in
greater amounts. Particles above five
microns will not remain floating in the
air for any great length of time. The
air cells of the lungs are large enough to
admit particles possibly up to 200 mi-
crons in length. However, according to
Clark ‘and Drinker, the most represen-
tative particle size in the lungs of men
who have died of silicosis is one micron.

fZa. Fme asbestos dust partxcles
have beeu shown to produce only the
inert reaction on the lungs’ characteris-
tics of other silicate dusts. It is, con<

sequently, believed that the asbestos '
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“ gﬁi‘l’he finer pa.rt.xcla. F‘dust re-
main suspended in a still atmbsphere for

cause ‘silicosis: However, sincé il at- .

) ,24 Neither upper nor" Iower sxze
, Ixmlts have been suggsted for toxic sub-

logical size htmts exist for t.hese sub-
stances. ;

L thcosxs _"?ﬂ e
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mmn of &’ mnveyorm
coaveyor exhaust hood s
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relatively long periods of tzme.e Their
charices of being inhaled ax'e, ‘therefore,
greatly increased. The smaller dust par-
“ticles also travel farther away'from their

‘point of origin, and masmuch as’ the
larger particles settle out very quickly,
" the farther away from the dust source,

the greater will be the percentage of
smaller particles. , z

stances, as lead, etc. It is }he opinion
of Drinker and Hatch thatﬁno physio-
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25 Undoubtedly the mo;g: unportant
kind of lung disease caused.by the in-
halation of dust is that wluch has been
named sﬂxcosas

Deﬁmuon

26 Dr. Gardner’s deﬁnmon of snh-
cosis is as follows: “Silicosis i 15 a chromc
disease of the lungs resnltmg from pro-
longed inhalation of fine partxculate sil-
ica. It is manifested anatonnca.lly by
formation of sharply defined fibrous
nodules not over four to sxx“mm in di-
ameter, which in most cases’are uniform-
ly distributed throughout all portions of
both lungs; and clinically by a paucity
of . symptoms and physical ‘signs tha
usually appear only in the late stage
of the disease and by a tendency to be
come complicated by tuberculosns In
some cases, nodulation is ooncentrated
in certam parts of the lungs, in which
cases symptoms may be mar'ked »o
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,‘2‘1 “The Imernauona.l Sxfoosxs Con-
'ference in 1930 deﬁned sihcoszs as a_
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) bteat.bmg 2ining § "Sa
- ers and Jones : s 2 the Saranac Sympb’émm
on Silicosis” i 1935 ;&té’a that, “From

il 2o Tining 8

the wewpomt of- etlology, &n: harmiul

" ness of a given dust contammg freesxl~

ica is directly. mﬁuenced by the number

of parucles of " free ‘silica less than 10
’ mlcrons in dlameter that it contams »o
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28, Silicosis bécomes noﬁceable after )
widely differing periods of exposure to '

silica dust, apparently dependmg on:

a. The amount of dust inhaled. = "

b. The perccntage of frec s;lxca con-
tained therein.

c. The size frequency, or ﬁncness of thc
particles inhaled. ST e 4

d. The nature and source of such other
substances (imcluding vapers and
gases) as may be mhalcd sxmultanc-
ously or otherwise. = ™

¢. The powers.of resxstance of Lhc mdx-
vidual concerned. .- T

. £ The presence or absence of a complx-

cation by an infective process. =~ ;

g. The presence of complicating condr
tions such as high temperatures or
humidity, and unfaymb]e»ppsturcs.

Physiological EEects

29. 1In earlier years it was beheved
that the physiological action of quartz
on the lungs was caused by the hardness
of the material. In fact, it was claimed
that men who worked on sandstone were
harmed not only by the silica particies,
but also by sharp bits of steel. These

ideas were contradicted by Dr. L. U.

Gardner, of Saranac Laboratory, who
showed that silicon carbide and fused
aluminum oxide, both of which are
harder than quartz, had practically neg-
ative physiological effects when inhaled.
Dr. Gardner also showed that dust from
the diamond, the bhardest substance
known, was pracncally inert when in-
haled. .

30. SiIicosis is considered in three
separate stages by medical authormes
First Stage: The disease hcrc pro-
duces no disability and does no apprecia-

ble harm. The affected man can carry
on his operations as well as ever.

* Second Stage: Resp:ratlon is affected.
The victim may be bothered bg !abored
breathing. Lot

+ Third Stagg:

N

'I'hzs stage may devciop

N

= Comes sev

&H;re {abored bre
and tbfm}ur
c‘)'r p pona

;s"uscepuble

. S Laat
ever, X-ray appwancs alone are not \

suﬁiuent for a diagnosls of | szhcoas The’
complete occupatxonal ana\ medxcal hxs~

’Figuxe 5. An automatic Bag Toades haa- "

.dling finely powdered silica dust. An

eﬁecuve local exhaust system is in oper‘
p auon
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"32. Ffom most industrial expei'ience
the development of silicosis may not be
anticipated short of five years. A few
cases have been claimed to develop in as
short a period as one and one-balf years,
but these were under extreme and un-
usual conditions. There has been evi-
dence that alkaline materials, such as
soap powder, accelerate the devélop-
ment of sxhcosns, but this has not been
substanuated m recent expenence

33 Silicosis is a disease of which the
victim may be unaware in the early
stages. Its development is usually slow
and unperceived., Inasmuch as silicosis
cannot be cured by any means yet
known and in its advanced stages is
frequently complicated by tuberculosis
or other mfecﬁons, the lmportance of
prevention is apparent. Also, in many
industries, new developments have
greatly increased the dust output. In
granite stone cutting, for instance, and
in rock drilling, dust production in-

creased tremendously with the mtroduc- ;
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ton of pneumatxc tools ) S
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34 Men wxl:h carly ﬁrst stage 5111-

_Free Silica vs Sdzcates )
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excbange of gases Between the - blood and '

r tak&s p'IZv:e."At this” pomt, as the 8
is, ingested 3
_ enger” cells "3

which carry it. through the walls of the

,dust is'a forexgn matter, it is,
by what are

air’ sacs to'the lymph dramage canals
located outside the air sacs This re-
sults in a rapid increase “of tissue cells
which parrows the lymphanc channel,
bampering elimination, 2§ it*is along
these canals that foreign substances are
removed. Also, when silica is'being re-
moved, the parucle may kill the scaven-
ger cell by which it is being transported
with the result that all dust particles are
not removed from the hing.  ’Instead,
they may remain along the course of the
drainage caral. Apparently, these small
particles of silica dust are’ “toxic in this

"location andthe tissue cells in the im-

mediate vicinity ~are altered” and re-
placed by what is known as scar or
fibrous tissue. The ultimate result is
larger areas of tissue or lung volumes in
which capillary action is definitely re-
duced — through which 2 ‘hormal ex-
change of gases between the blood and
inhaled air cannot take place.

36. As the inbalation of silica con-
tinues, the amount of fibrous tissue will,
of course, increase, with the ultimate re-
sult that the lungs will not readily oxy-
genate sufficient blood for the body
need. This produces a shortness of
breath in the affected individual in pro-
portion to the amount of sca: thsue in
his !ungs K, -

. 37, Witk the exceptlon of a.sbcstoszs
the silicate dusts have not been shown
to cause a disabling lung condition such
as is produced by free silica. Experi-

‘ments conducted both by caising ani-

mals to inhale dust over a Ieng period
of time and by injecting dust in their

.pentoneal tlssues ha.ve shown that sili-

o silica
“on the‘l'ungs s as g follows. Whe:e quam :
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far avax’la'f:le mdxcate that,
‘ condmon is
exposures to sili:

'e so

"Ehan asbestos), there -

ca. dust, or there has been inadequate
pterpretation of."the - x-ray. On the
er hand, Dreeson et al. have reported

%

H oms ‘as’ dyspnea and chronic
Cotigh: 11;‘14 S,% of 221 tremohte tale
mn and miliers Thse men were
eh:pfoyecs 0f"10 or more years ex-
re € and the’ reported ‘dust concentra-
'are as high as 1300 million par-

& in this area, Gardner had found
quartz ranging from 12 to 20 per cent,
but in the mills, where all rock is mixed
; and crushed, the dust showed low quartz
'percentag& both in Gardner’s studies
@d those of Greenburg This subject
£ _;he possible action of silicate dust

[ itam sxhcate dusts thay be causing a

d:sabhng lung condition should be

en’ thorough study before conclusmns
ched. C

§ are"'r

] Where free sxhca is mlxed with
27other dust, the greater the percentage
X fvfree snllca the IeSS the dust exposure

'

S usts such as gypsum have an inhibit-

L ing effect, there is an increasing tend-
» ' ency to evaluate the ‘extent of the
= W hazard presented by mixed dust on the
21‘fbasxs of the individual dust exposure.
g &é'gore data  are constantly being ac-

mmulated on t.he actual effects of vari-

X zé‘]es per ‘cubic_foot of ‘air. In two

I’xgni;e 6 A rumblmg “barrel used fo

ETN Asbestos is t.he only silicate "at
present recognized as causing pathology,
and even its reaction is definitely differ-
ent from that due to silica alone (Drink-
er). Its behavior is the exceptidn to the
rule that silicates are inert, at least in

uninfected tissues. Asbestos, when in-’

haled, produces fibrous tissues in the
lungs of both men and animals, As-
bestos is made up of hydrated silicates
of magnesium with variable amounts of
iron. calcium, sodium, potassium, and
alumirum replacing portions of the mag-
nesium. The property common to all
of this group is the fibrous structure.
It has been shown that the presence of
fibers of asbestos are necessary for the
production of asbestosis and this fact,
coupled with the observation that fine
asbestos dust is analogous in its inert
teaction on the lungs to that of other
silicate dusts leads to the conclusion
that asbestosis is the result of physical
irritation of the Iung tissue and not of
chemical action as xn the case of sxh-
cosis. j‘:_- e

39 Followmg a study hy 'I'he
United States Public Health Service of
 the asbestos textile industry, it has been
recommended that the dust concentra-
tion be kept at less than 3 million par-

ticles per cubic foot of air if asbestosis

“finithing

&am ‘::'rmoa, bu: note the abseuce pf dust due o s good exhaust system.
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is to be avmded The use of a, standard
" based on the number of fine particles
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smaﬂ casunp ‘Ihe barrel zs.m Qper-
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result from the use of dust determina-
tion technique developed for the study
of silica dust exposures. Although fu-
ture research will undoubtedly set up a

standard based on the number of as-

bestos fibers in air, keeping the fine
dust at less than the suggested standard
will keep the concentration of mJurlous
ﬁbers mthm safe limits.

!nfection _ . S

40. In the opinion of most investi-
gators, the factor of infection is most
unportant It has been observed in
guinea pigs with chronic pnreumonia
that in an infected area which developed
béfore exposure to dust, the local
branches of the lymphatic system were
not so efficient as those in the rest of the
lung. Silica inhaled into tissue thus
damaged appeared to accumu]ate in un-
usual amounts ) ' o

.. - ‘_1;‘

41, Smce men vnth silicosis are more
susceptible to tuberculosis than are
normal men, there is often an excessive
incidence ‘of tuberculosis among such
workers. Usually disability and death
of a silicotic, when due to pulmonary
condlnons, results from the’ comphmu
ing tubercilosis. For this reason it is

espemally unportant to have a re- em-
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tions of silica dust Wwill mo Ionger be per-”

mitted In American indusfries. Periodic
examinations of those already employed B
will defect new mfectlons in". persons
Prompt “iAstitution’ of
treatment ‘will elimipate” most of - the.

now silicotic,

hopeless cases of sihoo-tuberaxlosxs Pre-
employment emmmatxons will msure
placement of men'in positions that they
can fill mthout damage to the

Coal Mxmng

g‘-

43. Anthraco-sxhcosxs is a term used
for a form of pneumoconiosis commonly ™

called “miners’ asthma.”" According to
Public Health Bulletin No. 221, “An-
thraco-Silicosis Among Hard Coal Min-
ers,” it is a chronic disease due to
breatlnng air containing dust generated
in the various processes tnvolved in
mining and preparing anthracite coal.
Tt is characterized anatomically by gen-
eralized fibrotic changes throughout
both lungs and with the presence of ex-
cessive amounts of mrbonaceous and
siliceous materials. e

44, Symptoms found in early stages
are shortness of breath, cough, pain in
the chest, and possibly .physical weak-
ness. In the advanced stages of the
disease there is loss of weight and de-
creased capacity for work, due partly to
pulmonary infection.

45. In studies conducted by the
United States Public Health Service in
Pennsylvania, no cases of anthraco-
silicosis were found in the controlled
group of hard coal mining employees
whose dust exposure averaged less than
five million particles per cubic foot of
air. However, the prevalence of an-
thraco-silicosis among the entire group
of employees was found to be about 23
per cent. Among all except rock work-
ers, less than two per cent of the men
were affected when the duration of em-
ployment was less than 15 years, regard-

_less of the amount of dust in the air.

Among rock workers, who were exposed

‘to’dust averaging 35 per cent free silica
) tho ‘prevalence of anthraco-silicosis va-

eir health »

! ' "“~ ;".

Frgure 7. A method of receiving dust
m:o ttudts and auxiliary collecung eqmp-
- L ment. e T
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4 /2 um& the rate for general manufac-
turing. The pneumonia rate is less than
one-third of gemeral manufacturing.
Bronchitis, however, is a rather common
complaint. - .. ..o

47. S.L. Cumtmns andS F. Sladden
conducted an examination of a large
number of coal miners’ lungs in South
Wales. As a result, they made the
statement—“Coal is retained in large
amounts only when there is a really high
silica content.” They added, “We be-
lieve that in the absence of the silica
factor, there would be, under modern
mining conditions, no serious degree of
anthracosis.” E. L. Collins and J. C.
Gilchrist have claimed that workers who
have had considerable exposure in trim-
ming coal ships where there is practi-
cally no silica exposure, but nevertheless
a very heavy dust condition, showed
some fibrosis which, however, was not
considered dxsabhng T

48. A study of 2500 post-rnonem
examinations made in Pittsburgh hos-
pitals shows that city air which may
contain an unusually large amount of
coal dust may cause lungs to become
darkly pigmented but yet produce no
pathology of importance other than per-
haps a predisposition to colds, pneu-

o) noL develgp sxlzcosxs s to
gree. It is ible fp‘z;g. WO
be'an early vtchm while the’

..50. It is well neverthelas, \
sider all coal mining as mvolvmg

to some degree, depending upon’ the type )

of rock being drilled. While the hazard

may not be as severe as in most metal 3
mining operations, it is of importance at
least because of the number of work—_

e
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51" The hazard of sihoogls seems o
bé practically absent in the

men concemed

Sy

of 2000 cement plant employes i all

sections of the country by.Df.. LeRoy e

U. Gardner and staff of the Saranac
Laboratory for the Study of 'I\xberculo-
sis, has failed to demonstrate “that the

inhalation of cement plart or quarry

dust has a significant effect on “the res-
piratory tract. Neither did it appear
that men who had spent their industrial
lives in such atmospheres. were unusu-
ally susceptible to respiratory infection.
The incidence of influenza, disabling
colds and pneumonia was not high. No
cases of clinical tuberculosis were dis-
covered, and the incidence of healed or
latent foci as revealed in the roentgeno-
grams is the same as that found in the
general adult population; namely, 4.5 to
S per cent. Dr. Gardner has stated:

Lalts . W

“Although the medxcal cxzmmauons re-
veal no evidence of respiratory injury
from cement plant dust, even after pe-
riods of Iong exposure, maximum con-
centrations in dusty areas should be re-
‘duced to 100 million particles per "cubic
foot (light field count, impinger tech-
nigue) as rapidly as cconomncany feasi-
ble. High concentrations may not be

* dangerous, but they are not companble
with good housekeepmg smdards.

e oAt

AR cxceptxon to the g general rule is
indicated by the discovery of two cases
of .non-clinical dust reaction in this
group of 2,000 persons, These men
had been exposed to quartz dust (usu-
“ally in the form of sandstone) used in
‘the manufacture of "special “cement.

While possible mbxbttqry’ fﬁects of

ufacture '
. of cement. A recently completed survey R

"'r.,-! -
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featltmg zone was$ ’

ﬁi’ifhon pamctes
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1y,
& by toxic dusts “miich more quickly
ugh mhalmg {hem than by swallow-

1or“part of it is du'ectly eliminated.

i:ulxtxon and then moved on'to tbe liver.

53 Ahce Hamxlton, i “l'ndustnal
y oxzco}ogy” (Macmillan "Company)
- points out ‘the distinction between the
+ two ways in which pomonous dust can
be taken into the body in the following
paragraphb—*“A great deal of money
‘has been wasted by well-meaning em-
) ployen who sought to protect Iead fur-

ECTIEL VR S L

A snie eamy M A~

Figu.re 8 Wew in'2n'iron found
¢ ing bench grinders 1\;mh exhaust

show-
00ds.

€5dme ‘may be picked up in the blood cir-

w54 3 Ang am

ere ié ‘far more danger

g Toxic dus

_thin B“y" ‘eating them with food or  taking

M St

_them in~liquids. ™ But all precautions
. should be taken to prevent toxic dusts ~
fmm mtenng or even coming mto dxrect
coutact with the body e

, '§5 The pracncal problem in con-
. nection _with lead poisoning is the pre-
. vention of serious lead exposure.” The |
problem consists of two phases: one, t the
determmanon ‘of 'the limits of safe ex-".
posire, (3ee paragraph 68) ‘and, two, the’
reduction of lead exposure below these
limits,” “HEe: R

,.“,_n‘

lead is a normal constituent of a living

animal and that, there is a level of lead”

absorption which is safe. Lead intoxi-
cation and lead absorption can be pre-
vented by engineering methods. (See
Health Practices Pamphlet No. 3 and
Safety Instruction Card No 116 on thxs
subject) e

MemI-Fume Fever ® o

*57. “Metal-fume fever may be one of
'the results of breathing dust from metal
sources. This malady usually follows
contact with' a heavy concentration of
magnesmm ‘oxide, copper oxide, lead,

zinc oxide, and possibly lead onde and.

manganese dxonde. _ -

‘$8. The symptoms are chills fol-
lowed by a malaria-like fever which usu-
ally passes off within 24 hours, allowing
the worker to return to his job on the
folIowmg day. "The first attack usually

"immunizes the victim so that attacks are
not experienced consecutively. How-
ever; after a lay-off or an absence from
-contact with the dust, a further attack
.I5 likely. "Slow, deep breathing, accord-
#ing td ‘Drinker and Hatch, seems to

,-r'--—__r

- gree.’

ring about the symptoms more quickly.

are'commg rﬁore into
'the compensahon pom' of vi

-7 Ay ,"‘~' ;
. 60, Persons sa.ld to

“’those who are particularly susceptible to
s % certain substances with which they come.
“in contact. ' These substances may in-’

> clude foods, drugs, and vapors and dusts -
of: various kinds. A*wide. vanety of
substances may, therefore, bé'1 respo
* ble for allergic reactions in various in- "~
dmduals which substanm may have no L
“effect onothers or, in' some mses, may O

e

i<-even be of positive benefit. ‘The typs

‘36. We\must recogmze however that A,':-Oi reactions expenenced by affected in-

dividuals to given substances may also
vary greatly both in nature and in de-
A single substance may, in one
case, cause intestinal disturbances, in
another case develop asthmatic attacks,
and in a third case cause a skin eruption
Still another person may be affected in
allthreeways e

Lo

- 61 Dusts of various kinds sometim&
cause attacks of asthma. Asthma may
be suffered by stablemen from exposure
to horse dander and by furriers from
exposure to fur dust. Other persons
cannot work near animals or, in fact,
keep pets or sleep on feather pillows
without suffering acute attacks. Hay
fever is another type of reaction to dust
on the part of certain individuals. These
dusts are frequently in.the nature cf
pollen, as from plants. Hay fever, it
claimed, however, may also be caused b
other types of dust. In-any event, th
precise manner in which an allergic in
dividual may react to-a substance t

Wi
9LZZOOQ
LuﬂNlL Xib

"which be has become §nsmzed canno

R it : 3
62 Ma.ny belxeve “that’ allergm in
dmduals are born with"their particula

. vn:' e
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" . Figure 10. Portabie industrial vacunm cleaner. ~ 7 .

types of hyper-sensitivity. While this
is probably so, according to Dr. May R.
Mayers, individuals do not become sen-
sitive to substances which later cause
the trouble until they have had sufficient
contact to become sensitized. When a
person who is hyper-sensitive first comes
in contact with the substance, he is not
aware of his condition. An “incubation
period” is required, during which time
repeated contacts perhaps sensitize him
to a point where subsequent contacts
may result in immediate allergic reac-
tion. This waiting period may vary
from a week or two to several months
or even years. However, the allergic
tendency must have been in the indi-
vidual to begin with, and then there
must be continuous or intermittent con-
tacts with the substance in question in
order that the latent allergic tendency
can be brought out. e

Ty B li
Y .'.' r‘:'

- 63. It has been daxmed that once 2,

person has become sensitized to 2 given

2 e

substance, he may, more readily than
before, become sensitive to other sub-
stances. Occasionally, too, it has been
suggested certain individuals are capable
of developing a certain degree of im-
munity as time goes on. However, from
the viewpoint of prevention, it seems
logical that workingmen who have be-
come allergic to certain substances in
the course of their occupations should be
encouraged to go into other lines of

‘work, for in most cases the tendency is

to become more sensxuve as_exposure
continues. g R

Permxssxble Dusuness

64. Generally, we lack data for de-
fining rigidly permissible dustiness. The
point has not been reached where a man-
ufacturer can be told the exact concen-
trations at which, for instance, his men
will start developing cases of silicosis, as-
bestosis, or lead poisoning. He can only

: the, main ce
“of air, cleanliness rep senu'
$M3reo -
dubTE

Fm ﬁioe.

tetet of air was accepted 3875t m s

‘and’is now known commonly, a8’ “t,hg

centration had been mamtamed had, ;

‘&,“‘B‘bx

mings in'.a paper pmented ‘at the
Second Symposmm on Sﬁxco:zs at Sar-
anacI ] e T u.&" " 1‘.’-.: \:V .

coaret
¥ o Infonmz:on from fie d stugies
; de in many parts of the world indi-
cated that a normal man might work
“in pure crystalline silica dust for many

\

. years without impairing his .health if

. the concentration did not exceed five
mnllzon particles per cub:c foot of anr "
=, M .

wr L

:'67. Dr. L. U. Gardner’ states, con-: f
cermng the permissible dustiness where
silica is present:  ..'; mggzq-,:;.-. Ny

- “The evidence now available makes

.. xt seem improbable that a silica hazard
.. is defined solely by the number and
size of the silica particles in industrial

. atmospheres. The other components

of a dust modify its action. Some may

inhibit, others retard, and perhaps
some will be found to prevent its in-
Junous effect. Because these possibil-
ities are recognized, it becomes diffi-
cuit to set up definite standards of per-
missible dustiness in industrial atmos-
pheres, o - )

< . o \

Dr. Gardner continues further' s

“Not enough is known about thc ac-
tion of protector substances to warrant
the recommendation that they be em-
ployed to prevent silicosis in- mdnstry
Qur aim should be to reduce cxxstmg
dust concentrations rather than to in-
crease them by adding more dust. I
would very strongly oppose the recom-

*. mendation that protector. dust be nsed

to attempt to prevent silicosis at the
present time, But I do believe that we
should attempt to discover, more about
their action. Some, like gypaum, seem
to combine with silica in the atmos-
" phere, formmg clumps wh:ch are too
‘heavy to remain suspended in air and
too large to pass the barriers of the
nose and upper respiratory tracts, With
such information at hand, it.may be

g

D=ty -Swt SIS

South “African “standard.” * Ta%1934, -2
*G.-Irvine stated that no mmer\vho ha&
entered the mdustry since tlns Iow con-

Ny veedmey

d as " 53

as n -was stated by 15 'E’ Cum-
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rticles per: g@%y; foot for coal
st containing “not: oyer 5% .quartz,

'10000 000 to 15,000,000 | articles for dust
with 13%. quartz, 3
000,000 particles fgr hard-

¢!

sed

Lead—(chge ‘and: Duckermg) more -

han .5'mg. per cubi¢ meter is bazar-
dous and (A. E.” Russell ‘et ai.), less
han 15 mg. per cubxc meter :s safe

mgs. of zin¢ oxide per cubic meter for
8 hours of exposure or 45 mgs. for
shor! exposures. .

F:’

69. Of the memals,' the following

suggwuons have been made “; i
The Amcncan Pubhc Hcalt.h Associa-
- tion Comrmnittee on Lead Poisoning state in
- their comprehensive 1943 Report that
" “when' the air of workrooms regularly
~ contains more than 1.5 milligrams of lead
“per 10 cubic meters of air, cases of dis-
abling lead intoxication’ do nof occur
among men who work regularly in such
workrooms, and cases of questionable or
minor intoxication are rare.’ In practice
the attempt is made to maintain the lead
content of the air within such limits as
will yield an average of not more than
1.3 milligrams of lead per 10 cubic meters
throughout the working day, while pre-
venting the occurrence of materially
higher concentrations (5 mnlhgrams per

10 cubic meters or more).”

Zinc Oxide: To avond metal fume

fever the concentration should be kept
below 14 mg. per cubic meter for 8
hours' exposure or 48 mg. for short ex-
posures (P. Drinker et al.), -

Kiy!
muu(muring Compa.n.y

‘-u»q.-. '

¥ :-%m-% ?

o ch oxxde—-—~(P Drmker. et al.) 14 o

and Blum

anganese? 50
fe {Dn ker &sghtch

: % -*:‘&-"*‘
TxControl of”Dns

¥ :
<x§ the ﬁrst and most xmpona.nt defense
3 against i dzsase. I abs ,
hould be performed in clean air as "T
X far as possible’ It'd i3 not ‘necessary,
owever, to prohibit all ‘exposure to
“toxic substante, as the human sys-’

centrations cannot be suﬁcxently re- -
uced to conmstitute an othemnse
.- safe condmon. .

wearmg “of special protective equip-

. ““ment by workers. Tfna step is fre-

o v quemly the last resvrt ‘and is used

*3.'. Safe processes may sometimes be —~<—only in 'an emergency or for jobs
substituted for those of an unsafe .

., nature. An example of this is the
T7? substitution of - abrasive wheels

made from synthétic abrasives con-

. taining fhio quartz, for wheels made
from natural sa.ndstone. ,whxch is
abont 95 per cent quartz

theless of consxderable importance.
(See American _ Standard, Safety

B Eyes and Respxratory Organs.)
o ""Jﬁtl"’”t'ac

4. “The substxtutxon of “wet’ methods dinances for the control of ‘dustiness are
i for original dry methods has ex-
_erted ' considerable ~control over

dusty atmospheres.” Dry drilling is

 the cause of considerable dustiness lmprove workulg °°“dm°m;“ e T
-in mining, which may be greatiy re- - WQ!’ ST
: duced by wet drilling. This is also : ’ - a;m‘f Lt

" trme in many construction and Local Exhaust SyStems“w‘ FaiTiy a0t

quarry JObS.

: S 72. Local exhaust ven?.}auon for the
5. An effective method for preventing  control of industrial dusts” and fumes

the escape of undesu‘ahle dust into o
the working atmosphere is the local consists of four pnnapal parts

~ - ad it

exhaust hood. It should be placed a. Exhaust hoods o, ’2‘1‘;
close to the source of pollution to b. Piping or ducts . Az, ..
e r R,

* be most effective. The air should

" be discharged through a dust col-
lector to prevent contamination of
neighboring areas or return- of the
* dust through open wmdows into the
plant.

¢ Air cleaning plant | __o
d. Source of sucuon o 5{
PP TP T

73. WlnIe each of these parts should
be designed and installed to perfon:n its

. 6. The routine recording of dusty con-
. centrations is a valuable check on
" the existing exposure. Periodical
.counts of air samples are 2 great
Belp in showing whether or not’

system as a whole, the exhg_ust "Rood
probably demands the’ most careful de-
sign, inasmuch as the degree f control
there is need for further control. . secured depends to a largef“e?tent _upon
: 2 p «, , ~the shape and lomuon of t ESod——and
7 In some cases, the apphcatxo}:& of the rate of air flow to = ugon any
" general rather than local exhaust + T
-,ventxiauon is desirable. There are other single factor A .":«' ’. -
instances where the source of pol- 74, Hoods have 1.0 Consi erable ex-

lnting materials is constantly chang- ~

_ing position and local exhaust be- tent igllov:ied the des.lgu emploved
¢ comes difficult and impracticable. in ‘such industries as W Orkmg and
"> Here a’ general ventilating system_ metal grinding. Howev "noted by

may be the only answer, - Theodore Hatch, in recen ?\7 the in-

*-dustrial dust Qroblem -:.

"rho el ht inethods tion given here v
od of frereation ¥ 5 al Medi.

Flgute u Exhaust ,ymm fo, temoval cine" b cmk and. Dﬂnker pubuzhed by the
of lead dust and fumes. . . ‘--Zyig.!t_io ns] M““’”_.ﬁgf:e‘?ipmy‘brfcj’ _Nev}r‘_ in wlnch the productlon
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of short duration, but it is never-

Code for the Protection” of Heads, _

N \!}u s
7L In many localities Codes of or-

in- effect which should bét investigated
and followed by employers séeking to

R

required function with respect to the




come to. mean swr _10.an
: medxcal costs and ¢ Compensatio
"as " the health of workers, -
ample Justzﬁcauon fgr extensxv
and mvmngatxon m
the best possfble dsxgn in

‘75 'ro mamtam a safe concent.ratzon

of dust in the vxcunty of dust generanng'

equipment it is necasaxy o introduce

sufficient clean air from the outside to ,
) o ‘enclose the process should be placed

dilute the dust-filled atmosphere to. the

degree necessary for safety. In the util- _
ization of general ventxlatxon systems, -

care must be taken w “avoid excessive
exposure of workets as’dust is removed

from its source. Especially where local -

dust systems are being supplemented by
general ventilation, it should be seen
. that eddy currents are not set up to in-

terfere with proper funcnomng of the

local exhaust.

76. Undoubtedly,‘ the b&t method of

ventilation is the contxoi of contami-
- nated air at its source. To do this, there

must be- sufficient movement of. air
- toward the exhaust opening to counter-"

act any tendency of the dust-laden air
to escape into the surrounding atmos-
phere. Proper hood design will make
this possible with the least possible flow
of exhaust air. The object of an ex-
haust system is to trap the contaminated
air and not to remove the harmful dusts
from it. It is suggested that the scat-
tering of large particles may be pre-
vented by the erection of suitable bar-
riers or, of course, by causing them to
flow into the collecting duct. For effi-
. clent operation of dust collecting equip-
_tent, all air motion around the source

dgvelgpment of .
: "% dustrial Dusts” by Drinker and Hatch

'377-""’-1-?\ R ST e B
'“"ﬁla, Enclose the" process. as. conipletcly g

iy
PIN

Laws govermng the ﬂow of 'au: mto ex
" Baust openings have been given in in “In.

Z4.:4s. possible and pfovide {nternal baf-’
23 fles to guide the

with its opemng as close as possable

*influence decreases approxxmztely
_with the square “of ‘the d1stance

-3 Shape the hood | to conform thh'

“the shape of the area of dust pro-
duction so as to secure reasonably
. uniform air velocity over this area.
" For a given required air velocxty at
‘the point of dust generation, the
. velocity at the hood opening should
- be as low as possible. This is con-
strary to the common idea that the
Ll ‘hood suction should be h:gh

B

vande flanges whercvcr possible

““to reduce the air flow from inef-

fective areas where no, dnst xs pro-
* duced. : e

5 Locatc the hood openmg, or part
~of it, so as to receive directly any
dust that is thrown off along a well-
defined path, thus utilizing the di-
rectional energy of the material

" for its own capture.

s
.p

K

*Design of Exhaust Hoods for
Dust-Control Systems” by Theo-
dore Hatch, Harvard Graduate

. School of Engineering and School
of Public Health, Boston, Mass.
The Journal of Industrial Hygiene
and Toxicology, November, 1936.

xr ﬁow "wkere n

o the point of dust generation since
" UEriothe air velocity in'the’ zon€ of hood

rmgton says:’ _1:; 5

"Dy drilling is, of coflrse,
more of 2 dust producer than wet drill-
ing—-possibly in the ratio of ‘10 to 1.
Wet drilling produces some dust, but
if reasonable precautions are taken with
wet drilling, and suitable precautions
are also taken as to ventilation, as to
. the wetting of the muck p:le, as to the
"time in which blasting is done, as to
- the precautions which are taken after
. 'going back to the face after blasting

..ve ~there need be no particular harm to

.workers in those places, as far. as
dust diseases are concemed ” ;v( ,i. -,

79 Prof. Philip Drmker, in com-
menting on the adoption of- the New
York State Code governing dustmess in
rock drilling, stated: . 7-

““This code divides all rock formation
into two classes, class 1 being those
with less than 10 per cent free silica,
by weight, and class 2 being those with
more than 10 per cent free silica. If
drilling is done in class 1 rock, dust
counts must be below 100 million per
cubic foot, and below 10 -million par-
'ttcles if the rock falls in class 2,

. N . -"'w"fze.i’.
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xhe cause an&é:kvé

: o po;sxbie. In’ this latter res A fior :
- .;;t*‘{)t“ cal forward step | has been taken in the,;* 1+ 3! Ix?S‘ [ePr :celr Ci aen_ce
adoption of means fo~Collect the dust Commttee, H'edtls Ad jisory ¢
at certaxn points of prod .

.+ jurious matenal. Small” umts are now-..
. being installed in some mines at 1oad-‘
mg stanons and orepass tipplers, the
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