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of prompt and continuous delivery of essen-
tiai weapons of defense we must not only
traiz new workers and retrain older work-

1 have been asked to make-a brief sum-
mary of our present-day knowledge with re-
gard to dangerous degrees of air pollution
from gases, vapors, dusts and fumes, and
the «ata which have been sccured so far as
to the maximum allowable concentration
wittch can be assumed to be within safe lim-
its, below the danger point. A few of the
dangerous dusts and vapors have been stud-
icd intensively enough to afford us fairiy fuil
data on which to establish such standards,
but only a few, and even with regard to
them our knowledge is not complete, and it
wouid be a great mis‘ake to embody in legal
regulations the standards which we are at
present tentatively recommending, for it is
certain  that, as our knowledge increascs
through investigations in this ficld, we shall
have to change our figures. 1 believe that
s I the State departments of labor or of health

e f which have adopted standards of allowable
. csncentrations regard them as advisory only,
znd that is right.

. The first attempt at the establishment of
‘ 2 maximum fgure of air contamination by
zn industrial poison was made in England
in 1910 by Duckering and Legge, who used
he procedure since genecrally adopted; that
z, they determined the amount of lead in the
zir of a workroom and matched it up with
the record of lead poisoning in that room.
In this way they were able to state that, it
the amount of lead were kept under 0.5 mg.

'3
1

zzrious plumbism, no palsy or encephalopathy
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cer cubic meter of air, there would be no -

ers. but we must restrain accidents, Which
fritter away our supply of skilied hands
producing these weapons.

Maximum Allowable Concentrations of Dangerous
Industrial Dusts and Gases

By ALICE HAMILTON, M.D.
Medical Consultant to the U, S. Division of Labor Stanc‘lards, Washington, D, C.

and only rarely colic. This amount, you
was not to be taken as safe, only as fre
from serious danger. In 1933 our own Pyp
lic Health Service conchided that
amount of lead dust or fumes in the i
should be kept 0.13 mg. per cubic meter for
safety. This was on the basis of an investh
vation of a storage battery plant, and 2
sickness study of 2,303 men employed there
For "prolonged exposurc,” the figure mus,
it seems, be still lower, for some cases were
found which had devcloped even at 12 mg

I believe the next important contribution
in this held was made by the Benzol Com:
mittee of the National Safcty Cound
which, as you all remember, estalished 10
parts per million ax the maximum allowable
concentration for benzol, That figure stll
stands, though we have a good deal of evi:
dence that it is too high. You are probably
iamiliar with two remarkable reports on it
dustrial benzol poisoning which appeared &
1939; one from the Massachusetts State D
partinent of Labor on benzol in the manv
facture of shoes; the other from the New
York State Department, on benzol in rof
wravure printing. In both studics cases wet
discovered that lad developed after e
posure to concentrations below 100 ppr &
a result, Dr. Francis Hunter of Boston
Jared that, “It is doubtful whether any
centration of bLenzeme greater than zero ¥
sate over a fong period of time.”

The American Standards Association i¥

“:ad for some years a committee on this $¥

American Standards Association Committee
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Governmmental Safety Serviee in Industry

Suggested Standards sor lilinois and (Massachusetts
Parts per Million  Milligrams & Cubic(leter

Ject, composed of industrial physiciars, ven-

tilation engincers, industrial insurance car-

riers and toxicologists, who are trying to set

Up stazdards for use in industry.

“‘itt? ffr we have dealt conclt}si\'c‘::: ouly
! Lwo zases and two volatile scivents.

"’“”2’" B.-merexida-and hydrogen suiphide,
1201

ado t"a?d carbon disulphide. The Imits
acc:r-::‘ for the present are shown cn the
nranying chart. Benzol stands zt 100
?n{r:;imeﬁ-" because of the insistence oi our
“Hrance members that this i3 an ideai that

lllinois Mass.  lllinois tMass.
Substance i
Ammonis 50 100
Aniline 5 5
Berzol P M;gm“) 75
Carbon tetrachloride: 100 ico
Chlorine 0.35 1.0
Chioronaphthalenes 5 1105
Chiorodiphenyls 5 LO
] Chromic acid 1o ol
Gasoline 1000 1000
Glycols 25 ’
Hydrochloric acid 10
: Hydrocyanic aeid 10 10
HyorgFluoric acid 3 3
" Lead ' 15 1.5
Mercury 1.5 1.5
Methyl alcohol 100 200
Nitrogen oxides 10 10
(Nitrobenzol 5
sy Ozone |
Phosgene 1
Phosphine 2
Sulphur dioxide 10 10
Tetrachlorethane oo 00 200
Tetrachlorethylene | 100 200
Trichlorethylene ' 100 200
Toluol 75 200
Turpentine { 500 200
Xylot | 100 200 |
’ Zinc oxide i 150 15

can be realized practically while a more
rigid standard would be rejected. and we
should be left with no standard at all. My-
self, 1 am always willing to accez: half 2
jvai rather than no bread, but MManired
Bowditch, of the Massachusetts Eureau of
Occupational Hygiene, is unwilling to go
higher than 73 ppm., and Yandeil Hender-
son. of Yale, enters an emphatic protest
against 100 ppm., saying that if 20 ppm. is
feasible for hydrogen suiphide and carbon
disulphide. he can see no reason “wiy it is

WA

ROy

v

s T B3 1

.




i ren it~

29th Notional Safety Congress

Tentative Standards Adopted By Public
Autherities Tor Maximum Aliowable Con-
centration Q7 Silica Containing Dusts

T Thuthority T

Millions of Particles perCuift offir

Free Silica Cortent

Nationa! Silicosis Confes— |
ence. 1936. Medical Com—

Ditto. Engineering Committee.-----

U. 8. Labor Department
- 1936 Duwision of Labor

Standards --------~---+ -+ prr B A et . -
NewYork Departrent of ;"""mw-)rsi :
LBbOr. 1940 === == ™™ |0-~----T--_-100---
Connecticut Department .
of Public Health 1936, «-+c~ oS ner o e -
California Industrial Acci- | ; o
dent Commission. 193G . - ~ie=rBacmmur sonmmm e e f,....s() .......
Wisconsin Industrial Come-* : ]
MSSION. 1932, -2+ r- wmmraiopoweB rnmereln s f§ woeredannnmmenn o
Massachusetts Department : . 7
of Labor & Industries 1940----5--<--=----. 10 <+t ee- {00 --

: . (granite) 75

. : " © foundry

! . fNuisance -

e e e DUSYS

imnpossibie for benzol. Certainly it is o be
hoped that ventilation enginecring will pro-
sress to the point where a lower Szure than
100 ppm. may be reaconably demanded fur
Lenzol users.

Tlhe standard for carbon wnoxide <loes
not need to be defended. This ga: has been
exhaustively studied bv the Pulilc Healih
Service, by State bodies, by indusiry and by
toxicologists in many uwmiversitics. Carbon
disulphide and hydrogen sulphide are the
two dangerous gases which must be dealt
with in the manufacture of visceie ravon,
and 1he maximum allowable cuncestrations
given in the chart were established tiirough

" careful studies made by the American Vis-

cose Corporation, the du Pont Coemoany-and
the Tubize-Chatillon Company.
When it comes to the other :ixic sub-

“stances [ have listed here, we can :av only

High

“Medium. Low

that the figures given represent our best
judgment at the present moment. but we ad-
mit that that judgment is oiten based on
something not far from guess work. Take
the one on which I happen to be engaged
at the present time, tetrachlosethane. YWe
know it is the most dangerous of the chlo-
rinated hydrocarbons used in industry, and
we have known since the first world war
what ts action is on the human body, for it
was used by both the Germans and the
Britisk in airplane dope, and in both cous-
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auiline wid nitrobenzene in the most toxic
~roup. We have little dala with regard to
tz'lxc other chlorlpatcd hydrocarbons, except
cCl4, about which we do know somewhat
more. As o the others, our knowledge
comes chiefly from the studies made by
lanmacologists who sought a rc}atwgly
non-toxic agent for cases of hoolgworm in-
fection which is not the samc thing as in-
dustrial poizoning from fumes.

To pass over to that very controversial
field, silicosis, I need Lardly cmphasize the
fact, so evident in the accompanying charts,
that there is still much confusion and little
agreement among thc_autlzoritics as to the
amount of dust containing varying propor-
tions of free silica that may be permitted in
4 workshop. This is to be expected. Poison-
ing from gases and fumes, even if slow, does

" not take firtcen years o make itsel{ evident;
~silicosis may. Moreover, other factors, aside

from the actual proportion of free silica,
affect the dangerous character of a given
‘dust. :

‘silica, running as high as the notoriously
dangerous granite, yct, while consumption

as for centurics been the occupational dis-
‘ease of storie cutters, this has not been truc

{ this particular dust, notably the one by

* Hatch and Moke, have provided an explana-

tion for the difference between foundry dust
and other silicious dusts, for it has heen
shown the silica content of the former is
. <hiefly in the Jarge dust particles, and as the
particle size decreases, the frec silica falls,
till it may reach, for particles under 2
wmicrons, cxiy one-fifth or even one twenty-
Bfth of the percentage in particles over 10
microns. Tais is, however, not true of the
fO}lndr,\' dust caused by sandblasting and by
Ipping, johs which evervone familiar with
the industre knows to be dangerous. Stecl
foundries are the worst. probably because
more chipping is needed on steel castings.

I_f.our xowledge of the minimum dose
required ¢ produce poiszoning needs ampli-
if"“g. this i< still truer o our knowledge of
What constirures dangercus dust concentra-
tions. Here ri:e Public Health Service is do-
g much

‘:: industr and of Pennsyvlvania anthracite
2 '2"{8’- have carried us 2 iong way forward,
8, In cocsararion with the experts of the

Take foundry dust. it may be rich in

: iuable work. Their two monu-’
pe=" N v e tipations. of the Vermont gran-

Governmental Safety Service in Industry 113

Saranac Lalboratory, they have found it
possible to establish certain fundamental
facts. For instance, the Laboratory is able to
state that the percentage of tuberculosis to
be expected among workers in aun establish-
ment where there is no special dust hazard,
is 4.79 per cent, If the rate is higher, there
is something wrong; of course, not necces-
sarily dust in the air; perhaps low wages.

Donald Cumimings, of Saranac, urges the
adoption of two limiting concentrations of
free silica; first, the “primary threshold,” a
concentration of dust in which a healthy
man may be employed throughout his work-
ing Jife without a disabling injury; second,
the “secondary threshold,” a concentration
in which a healthy man will “inevitably
contract silicosis if regularly employed for
several years.,” General experience shows
that the first is at about five million par-
ticies less than ten microns in diameter; the
second is probably at a level not higher than
100 million,

At the Natjonal Silicosis Conference held
in \Washington in 1938, this formuia was
suggested for determining the maximum
permissible concentration of free silica in
the air Lreathed. Multiply the percentage of
free silica by the total small particlé dust
count by impinger. If the result is under §
million, the condition may be looked on as
permissible. I{ it is over 3 million, the con-
dition is 10 be luoked on as poor. Tor ex-
ample, 10 per cent free silica with an av-
crage total dust count oi 30 million particles
would mean 0.1 times 30 million, or 3 mil-
Yion, good practice: while 30 per cent free
silica and 30 miilion particles would mean
15 million, too much. This formula cannot
be applied to a dust with less than 5 per
cent silica.

Both New Yurk and Massachusetts have
made fairly recent swudics of the foundry
industry and of work with granite, such as
quarrying and stone cutting, tunnel and
foundation excavating. New York recom-
mends for dust containing less than 10 per
cent iree silica, 100 million particles; for
10 to 70 per cent, 10 million; for 70 per cent
and over, 3 millicn, Foundry dust, averaging
20 per cent free zilica, should be kept down

to 25 per cent; the dust from abrasive blast~r= "~

cleaning, averaging 70 per cent down to 10
million. Massachu:ctts allows 25 million for
foundrics, 10 miition for granite stone mills
and '3 million for pure silica dust.

3 Aene o

e




114 29th National Safcty Congress
Source of Dust  |Percent of Guartz| Suggested Siandard
(Free Silica) | InMiltion Particles
{Below 10 Microns)per
: Cabic Foot of Air.
Gold Mines, South Africa—86 to 95— 5 fo 4.5 million.

Metal Mines. BrokenHill.

Austraiia {010 IT 4 -«
Tunreling, Sydney. _
Australia S0 Under &

Gold Mines,Ontario —

P 5 10 10 (2 Mines): N
25t0 35(- - ): 85

lron Mines, Canada 50 5

Granite Cutting, RParre! (Rock.26.5) | omz0 “
Vermont Dust, Average 35|

Metal Mines, Tri-State

Area 90 5

Potteries, West Virgizia:—20 1o 20

Aathracite Mires.

Pennsytvania. quartz)

Subway ard Foundstion,

Drilling. NewYork City | Less thon {to84.

\We must not forget that the adoption of
any of these standards does not mean that
there wiil be no silicosis among the work-
ers. In the South African gold mines, the
iree silica in the air was brought down to
3 to 4.6 miilion particles per cubic foot by
1933, but cases have continued to develop,
taking 14 years now, on an average as
against an earlier average of 934 years. In
Barre, Vermont, the Public Health Service
found cases appearing after only ten years
at 6-9 million particles and after 9 years, at
20 million. They have placed the maximum
allowable number of particles at ¢ to 20
million, which is certainly not extreme.

I nced not say anything more about the

VYOS vt el

S
o5

(Rock 43% Coal.6%
Dust 90 7% Ceaig-4% —5+l0

Rock Workers dust
sverage 35
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¢reat need of careful studies of actual o

ions under which damage from 90150“:
n ou

and dusts occurs in industry. It is i
c-untry that these studies must be made.
Txe day is past when we could look to Ger*
sany as the source of knowledge of indus”

srial  toxictlogy:- Now- that authoritatiff,
--sition has passed to us. And this partic®
‘2r method of determining safety limits by
--eans of a combination of experts in ¢
zral flelds, chemiscs, ventilation cpgmw;;'
=nd physicians is peculiarly American. ;lc
Liher country has made anything like 4
zatributions to this branch of industi®
hvgiene that we have. But we need 2 §

deal more.
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Occupational Disease

.:-'\TT-Thc meeting on Occupatiomal Disease,
~olanned as a Panel Discussion, was called
.t order by the Chairmar, Walter S. Paine,

"CHAIRMAN PAINE: At every meeting
* that I have attended in this Congress some-

one has raised the question of industrial dis-
ase. This is a subject which has been
-Hnaligned in some cases and has been a fan-
‘Aasy on the part of others. This, however,
b Zhould not in any way destroy the realities
ihit are back of the industrial discase prob-

-y
»

s,;i'fthe discussion of this broad problem.
we have asked the medical profession and
¢ law to help us this morning, Each phase
282 the problem will be discussed on an or-
2derly basis. We have assigned as the first
*;;quker for each of these subjects ane of the
~2¢n on this platform. After he has finished
. Mis preamble, we will ask the members an
i the floor 10 present any question they may

ave on the subject,
-~ We have the following subjects t0 be dis-
,msicdi “Health Hazards in Spray Paini.
2g” Dr. Eugene Walsh. Associate Super-
or of Medical Service, International

arvester Company, Chicago, will apen this
Sbject.

‘Fatigue and Its Relation to QOccupativnal
' Dy i;." This subject will be taken up by

- Norbert Enzer, Director of Lahora-

:es, Mount Sinai Hospital, Milwaukee.

E,: “The Toxic Limits of Common Solven:s.
s

e P - A s

“p'3 subject will be opened up by Iv-

: iu‘t"“ L. Belinap, oi Milwaukee.

: 'Md. in. Industrial Processes.” Dr. Bui-
}*'lll also handie this subject.

é‘" Affections.” This will be han

1 o)
{ Sphigegk

iy I. Reuter, Dermatologist
L - iilologist of Milwaukee, WWis.

T}!C Ia:l'
be g,

but une of the most unportar,
ol Geenpational Diseases ©

WEDNESDAY MORNING SESSION
October 9, 1940

Manager, Engineering Department, Actna
Casualty & Surety Company, Hartiord,
Com., who presided.

Panel Discussion

Considered as Industrial Injurjes?” This
will be handled by H. A. Nelson, Director
of Workmen's Compensation Department,

Wisconsin Industrial Commission of Mad-
ison.

We all regret thay severe illoess keeps’

Dr. Paui Brehm, Supervisor of Industrial
Hygiene Unit of Wiscousin State Board of
Health at Madison, from being present.

The panel will be opened on “Hexrlth
Hazards in Spray Painting.” Dr, Walsh,

Spray Painting

DR, ECGENE WALSH: Paiming i« n
topic that has received considerable atten-
tion, There has been an increasing number
of hazards unported into the trade. Mowt
of these have received wide attention, par-
ticularty in the past few years. It has been
incident to the wide use of the »pray vun
and of the lacquers, particularly., Many of
the solvents and products used in the paint
industry have known toxicities. Others are
in the experimental stage, so far a3 us~c and
0 far a3 thetr hazards to health are von-
cerned,

In the eld days of brush or dip or flow ’
paimiing, ~ull widely used, soivents of rather
low volaulity were emploved, and the haz-
ards associated therewith were not as wreat.
Hawever, when we come to the spray wun,
narticularly in its use in the recently devel-
oped lacquers, we come into a host_o,{new
ofvents,

The quantitics used per vear i facquers
and solvents in the paint industry in (e
Caited  States reach  astronomical

) mars
vons. Many, many tons are used.
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In the paints we have the following haz-
ards: first, the pigments. There has been a
growing trend definitely away from lead-
bearing pigments toward non-lead pigments:
Many of the non-lead pigments have their
peculiar hazards. Many of them zre rela-
tively innocuous and can be used with rela.
tive immunity.

So far as the fluid constituents of paints
are concerned, in the order of volatility in
general, we have, first, the solvents which
are, largely, for paints; the. paraffins; oils
and varnish; varnish with some turpentine
or some spirits of various and sundry types.
The lower the volatility, of course, if it is
a toxic product, the greater the toxicity.

The ordinary paints and lacquers can be
considered together because the problem of
the solvents, largely, is what we wish to
deal with. The solvents used are relatively
low boiling products which volatilize rcad-
ily, such as acetone, ethyl acetate, hutyt
acetate, amyl acetate, and so forth.

Next, the paint must have a diluent. In
the ordinary paints—oils, turpentine or spirits
may be used. In the lacquers—aleohol,
toluol, xylol, mineral spirits have been used.
In the past, benzol was used. We are glad
to say that there is a growing trend away
iroin the use of benzol, which has cumuia-
tive actions in the human individual, result-
ing in the low grade chronic toxicities due
to a depression of the blood-forming organs,
There is a definite trend toward less toxic
diluents.

The next essential part of the lacquers in-
cludes the driers, such as ethyl lactate or
ceftusoive, monomethy! ethers and various
other chemical products of known and un-
known toxicities, Also, there must he a
flexilizer or a substance giving flow to the
. plastic. These are relatively high-boiling low-
volatility products, triphenviphosphate, cas-
tor oil, camphor and others, again of known
and unknown toxicity.

The toxicities of the various individual
products are often known. It is not the
toxicity of the pure product, however, that
we are often concerned with, It is the prod-
uct which is used commercially. It i$ often
the impurities in minute quantities that add
to the toxicity. For example, we may say
there is, in the case of xylol, some question
as to its inherent toxicity. However, since
Lenzol is so frequently a contaminant, we
do have some benzol toxicity to be consid-
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ered when xylol is used. Also, whep
have two substances which are used to
a paint or lacquer fluid, its toxicity, ress
ing irom the combination of the two 3
stances is not usually that of a SUmMasy
of the individual toxicities of the two, Tig ’
is, if we have two products (A and B), 34 was made about spraying -
one-plus toxicity, if we wish to use ug§-. DR WALSH: Sprayinc
terminology, and B of one-plus toxicity, w§ is 3 common procedure.
may get a.resulting toxicity of three-ng§- lrgely calcium, it is a rel
or something of that nature—just to usweg ¥ substance. It is irritating -
arbitrary torm:-—"""" “peeand may be follow:
“cough. Not infrequently
tnants in whitewash whick
‘products in them but, ¢
washing is 2 matter that is
-week, and perhaps a2 mon
. done in most industries d:

'f ‘ke';-iewpoint of the pane!
on this subject, namely !
spray painting ?

. EDWARD SMITH ¢
“yfalleable Co., Buffalo, N.

The methods of control are: First &
substitution of non-toxic products such 5
we mentioned in getting away from ‘i $
bearing pigments in paints. We are foriag
to have alert chemists in the paint indosy
who are alive to this problem. They ; A . e
constantly striving and working with tteg §. &FPosure is relatively ini
dustrial hygienists and the physicians b & § S237dS are not great,
veloping non-toxic products, so far as dd § - Likewise, most of the w
pigments and solvents are concerned. “I§: <edures are done in large,

Another factor that has been considend "-'}'f}-‘}tfs’.‘tvtm? of some 1o
and is of importance today in reduiy 4#:’?,,’5 _fi‘l’l”e in closed ro.
toxicity is the mechanical developmet¥g: m:,.c"““ poor aeration,
the spray gun. Many years ago, in itaghe ongeis is to consum
fancy, no precautions were taken. The &gt do have the indiviy
gineers weren't particularly intcrested ARS mec? 3’3“"{' Just 2 simpl
A man would spray with one or aoberf. g bamca b‘liuﬁt type re
spreading the toxic substances about To&Lg." e Pi usable if the exp
however, with the development of kxtTg: . ..gtf°f time.
pressure spray guns, with the develojodd
of engineering methods of controf of X7}
and fumes and dusts incident to the
we have less toxicity. . :

If an individual corporation is alert 3@
serving and controlling the hazards re&,
very little toxicity need be encouni
most processes. This includes, of gou{:k{
precautionary methods for the inG
when 1 speak of the industrial hygie™
the engineer's phase of the problem 4
individual is working in a place vtt&E
gineering methods are not feasible 0 <" F:
the vapors and toxic products, ihﬂ‘_ﬁé -
dividual must have his respirifofz' G4
tion to..prevent inhaiation. Most ~ L SR
solvents which are used have 2 Ziggrdtg oo paints svh:
action, and their action is hy W& “AEES paing gy, [ pS, Which
sorption through the respiratory ffﬁ. R d not me
ing away the fumes is the way of V¢ industr

1 have very briefly outlined $0F% g
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cswpoint of the panel. May we proceed
3},&‘?:;:5 iubiect, namely health hazards in
Sy painting?

FHEDWARD SMITH (Jewell Alloy &
Zylteable Co., Buffalo, N. Y.): No mention
’;:W made about spraying whitewash.
iR, WALSH: Spraying with whitewash

<2:; common procedure. As whitewash is
Shirgely calcium, it is a relatively innocuous
Simbstance. It is irritating to the respiratory
Firee and may be followed by a chronic
eopugh. Not infrequently there are contam-
Rpants in whitewash which may have toxic
Ffroducts in them but, ordinarily, white-
mashing is a matter that is done today, next
Speek, and perhaps 2 month hence. It isn't
b 4done in most industries day after day. The
Lyexposure is relatively infrequent and the
hazards are not great. X

Likewise, most of the whitewashing pro-
Peedures are done in large, open, airy rooms.
at isn't true of some tunnels, of course.
"it is done in closed rooms, tunnels and
-seplaces with poor aecration, it is advisable, if
the process is to consume any length of
fime, to have the individual protccted in
some mznner. Just a simple draft of air or
2 mechanical dust type respirator probably
~would be usable if the exposure is to he of
-any lengt’: of time.

X-Ray Examinations

. DR RIBERT M. BURNS (Minnesota
“State Medical Assn., St. Paul, Minn.) : Are
there merods by x-ray examination from
tme to 1ime or from year to vear that will
show prezress of bronchial trouble as a re-
sult of these paint inhalations? -

DR. “WALSH: Thére arc those that
would azswer your question in the afirma-
tive. Most roentgenologists, however, rather
scoff a1 the idea of making a diagnosis of
bronchieztasis by x-ray. The shadows which
We see in the x-ray are largely those of the
bood vessels and fibrous structures of the
1m:\g, J: iz true, however, if an individuat is
using some paints which bear silica—~and
e pain: that I did not mention is that used
M the porcefain industry, silica-bearing
Pamnt—:zate is another problem. If you are
using 2 silica-bearing paint, you will get the
tharaciristic changes of silicosis.

However, for the ordinary pigment, so

AINE: Discussion will

the Roor and also from :

|
j

hittle 2 absorbed, so few of them produce
Brourcs:ive changes in the fung, they rarely
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show on the x.ray. Most of them are
stopped by the mechanical aids in the nose
and upper respiratory tract, that is the hairs,
the cilia on the lining of the respiratory
tract and, as such, are coughed up, rather
than persisting in the respiratory tract.

However, if one is using paints over a
long period of time, it is conceivable that a
chronic bronchitis might result. However,
here one is on thin ice. There are many
other factors incident to the causation of
chronic bronchitis that are equally as, or
more, important than the products used in
the paints, either the pigments or the sol-
vents.

MR. CARR (Eastman-Kodak Company):
In spray painting in rooms, using lead-free
gasoline as a solvent, we have noticed as
much as 430 parts per million of aromatics,
and we find that many lead-free gasolines
now sold contain a large proportion of ben-
zol, xylol and toluoi. I wonder if much at-
tention has been given to that fact?

DR. WALSH: That is a problem, it is
true. Certain ficlds of oil, particularly those
bearing the naphthionic acid oils do, in their
cracking processes, resuit in benzol in con-
siderable portions, in some instances, in the
gasoline. The straight paraffin oils may re-
sult in some benzol but not so much. It is a
factor to be considered. It depends largely
upon the amount of benzol present. In some
instances it has been said to run as high as
10 per cent in certain gasolines. That is not
usually true.

There is one factor to be cousidered in
gasolines, and that is the difference between
benzol, which is the ring-structure and ben-
-zene, which is a straight hydrocarbon, and
relatively innocuous, It has some toxic prop-
erties, but they are transitory, largels.

Benzol has developed a chronic toxicity.
This particufar subject is receiving attention
now, but ~very little has been produced to
indicate that benzol is a definite toxic agent
in the gasslines produced. But if the aro-
matics were up to about 450 parts per mil-
fion, you certainly are on the borderline of
toxicity. 1 think it should be reduced, if it

is at all possidie, by ordinary” wmethods. At—-...

least the men should be watched very care-
fully for blood changes, so far as benzof
éxposure is concerned.

MR. CARR: In that connection, it has
been necessary for us to go to R respira-




tory protectiou of the supptied air type, sup-
plied also with a charcoal canister at the
man's waist, so that when he breaks the
connection temporarily to go back in the
room, he still has the protection of the char-
coal canister. The connection, when broken,
automatically shuts off both the air supply
and also the air connection, so that he can-
not breathe the room air.

MR, WALSH: That certainly is a fine
arrangement.

DR. ALICE HAMILTON- (Division of
Labor Standards, U. S. Department of
Labor, Washington, D. C.): In the Division
of Labor Standards in \Vashington some
two or three years ago, when [ was visit-
ing automobile plants, I was told they were
making a change in their coatings. I wonder
whether that has proved to be true? They
told me they were substituting synthetic
resins for mitroceiluiose and as a solvent
were using hyvdrogenated pctroleum prod-
ucts which had very low volatility. It
seemed as if that were going to be a revo-
lution in coating in automobile factories. I
should like very much to know whether that
change has been made.

CHAIRMAN PAINE: Can anyone an-
swer ihe question of Dr, Hamilton?

DR. WALSH: I wouid like to say to Dr.
Hamiiton concerning the substitution of
synthetic resins for nitrocellulose products
in the automotive industry particularly,
most of us reccive all of our information
concernting the newer development of haz-
ards {rom no person other than Alice Ham-
ilton. If anyone in the room can answer the
questicn, | am sure that she can. She beau-
tifully reviewed the entire literature in a
publication that she produced in 1936 called
“Recent Changes in the Painter's Trade”
which is Builetin No. 7 of the U. S. De-
partmment of Labor. It is a beautiful presen-
tation, and it is worth while for any of you
interested in the paint industry 1o read it

Concerning the question at hand, T know
of no particular changes at the moment that
have heen instituted in the industries that I
have been acquainted with. I do know that
such things are in progress. As Dr. Ham-
ilton suggests, [ think that they are changes
in the right direction, in many instances.

DR. A. L. BROOKS (Fisher Body Di-
vision, General Motors Corp.) : We do quite’
a lot of spray painting. I believe there has
been no radical change in the solvents and
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diluents used in the lacquers which we g}
now employing. The process is very mucb,‘-""
the same. =

There has been some change in the fengih 3

of time required to dry these lacquers, bup i

the constituents are the same as they wepess

W. H. KRAUSE (Allis-Chalmers Mfg o
Company, West Allis, Wis.}: There hayg,
been recent changes in regard to the diluents
used in paint. Quite a few of the larger %
companies are now- producing hydrogenateé,-‘g‘;

et

naphtha. These do contain considerable):
quantities of benzol and toluol. I wonder if%
therc had been any experiments made wihs
regard to the toxicities?

3

Benzol Frowned Upon

DR. WALSH: I should have mentioned:
when we were speaking of toxicities of sols
vents, that the medical profession frownik
upon the use of benzol as a solvent or dis}
juent in any proportion. \We just don't’
benzol, regardless of its percentage, beca

it is so easy to get out of hand, and t

chronic effects of its poisoning come on

slowly and so innocuously, they creep ugx
on you before you know it. It requires rathég
close observation wherever there is
benzol or toluol.

So far as the hydrogenated naphthas
concerned, it has been said that the hydrg
wenation does not change the chemical st
ture of the naphtha; and it does not increa
particularly, its toxicity. If it is in refati
large quantities, 400 to S00 parts per m}l!
then there is the problem of the toxi
inherent to the hydrogenated naphtha its¢
But we would much prefer not to se¢ P
zol at all, R

CHAIRMAN PAINE: Dr. Hamilton, |
you wish to say anything clse on the &2
ject? -

DR. HAMILTON : I think not. My

thong®

lurkinz danger which arises in 2
unexpected ways, especiaily as we us¢
cracked gasoline than we did before. Ilg ]
agree that it is something that 51'0“; 3
avoided. <
We always advise the substitutio®

toluol, when possible, for benzol, but &R
think any industrial physician woul

ing to give a clean hill of health to

st.&'v

o4
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R GUMMAR (Barrett Company): I
“would like to offer onc nunor observation.
Commercial toluo), as sold in this country,
Joes not contain any measurable amount of

CHAIRMAN PAINE: We will have to
e on to the next subject : “Fatigue and Its

’%g}zzion to Occupational Disease.” This sub-

Jeet will be opened by Dr. Norbert Enzer,

“Director of Laboratories, Mount Sin2i Hos-

tal, Milwaukee.

. Fatigue and Occupational Disease

DR NORBERT ENZER: At ten-thirty

| “45 the morning I generally have a very low
¥lvel of activity and suffer from fatigue.
“Fatigue is a state of bodily ill health, of
jifafisient character. It is evanescent, as we
“eoderstand it and as the term is commmonly
b rused but, so far as industry is concerned,
satigue is that state of the individual at
F <work which makes it impossible for him to

perform what may be considered an average

good output.

. It is characterized by certain symptoms. It
i chz}racterized under ideal conditions of
mvestigation by certain objective findings

. ®hich T will claborate in a moment.

Iz the strictest sense of the term, I sup-
42 an occupational disease is that condition
shich can be directly traced to some agent

‘& arcumstance in employvment which can

kbeled as the causative factor of the dis-
‘e But as our horizon widens and our

~ooeept of disease hecomes broader, and as

¥t interpret the word “disease” as it was
“ginally used in the Greek sense, a state of
’:_h_auon from health, or dis-ease, then we
gj‘ regard an occupational disease as any
% o1 ill health which has been contrib-
to by circumstances of employment.
_Lnder that definition there is hardly a
,’Q*'“’hiCh. under some imaginable state
ars, couldu't be related to what the
‘s doing. Those are the two extreme
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dednitions of the term “occupational dis-
ease.”

Now, any disease will produce fatigue. It
is almost synonymous that discase limits the
output or the capacity for work of the in-
dividual who has been affected. What we
must recognize today is that fatigue may
also constitute a state of disease. In other
words, that we recognize fatigue as a func-
tional disorder which must be treated. which
must be recognized and corrected, and its
cauzes eliminated.

The mechanism of fatigue is grounded in
a very complex explanation which is not
ver clear, and probably won't be clarified
until a great deal of investigative work has
been done. But in the past few years a con-
siderable amount of investigation has been
done, most notably at the Harvard School of
Industrial Hygiene under Dr. Dill; and in
Europe, up to recent times, a great deal of
work has been done, particularly in Ger-
many and latterly in Russia; the object be-
ing, in the European investigations, to find
our what circumstances of employment con-
tributed to fatigue, to correct those cir-
cumstances of employment to prevent fa-
tigue and, hence, to increase the output of
the individual in terms of his occupation,
wititout sacrificing any quality of his healith.

Now, the thing that we lack ar present,
so far as its applicability to the practice of
industrial medicine is concerned, is a vard-
stick of fatigue. A number of investigations
are zoing on in that direction, and I think
heiore tong something will come of it.

Eroadly speaking, two main channels of
investigation are heing carried on. One is a
state of fatigue relative to the muscular
capacity of the individual. In other words,
we relate muscle strength to the load. The
otker is a form of fatigue which I think is

-gomg to be more important as time goes on,

and is related to the nervous system. That
arises out of the fact that fatigue is pro-
duced by agencies which tmpair the ability

of the brain to send impulses to the
peripheral muscies so that work may he
periormed.

Now, monotouy of work may bhe ihe

greatest contributor to ratigue. I usc that as
an ‘ilustration. For example, we found out,
in one small investigation, that indixiduals
emzioved at work which called for dexterity
and nimbleness and a high degree of mental
alerimess fatigued in less than a twenty-




four-hour period. In other words, if a cer-
tain standard of measurement was applied
in the moming before work began, the same
standard applied at the end of the day, we
could demonstrate in almost all individuals
so tested that they had experienced fatigue,
and that that experience was definitely re-
lated to the ability of their nervous system
to regulate their muscular activity in co-
ordination.

Now, in jobs which call for a stationary.
position, manipulation of instruments, or
monotony of exercise, that kind of fatigue
must be recognized by the industrial physi-
cian.

The occupational disease, conversely, may
produce a fatigue which may not be recog-
nized unless the individuals are subjected to
critical examination. For example, we have
noted that individuals with a mild tvpe of
hypertension, increased blood pressure, have
in many instances a lower fatigue threshold
than individuals whose blood pressures are
normal. Or an eniarged heart, due to valvu-
lar disease, a leaky valve, will produce the
same phenomenon; or individuals with dia-
betes or individuals that have a low basal
metabolic rate, because of a thyroid gland
disturbance, or individuals who are ab-
normally obese will all show variations in
their fatigue thresholds.

The only way that aspect of the subject
can properly be investigated is to approach
it from the medical point of view first. Ex-
amination of the individual beconies the im-
portant thing, It is important to apply crit-
ical standards of evaluation, then to attempt
to correct them by medical program.

The industrial factor of fatigue, which I
mentioned first, ¢alls for a recognition that
certain kinds of work can produce fatigue,
and then to apply methods which will relieve
it. I want to illustrate just two:

If we recognize that a certain occupation
produces fatigue, we have discovered things
which will relieve the fatigue, A man whose
job calls for standing at a bench, in more
or less one position, doing the same job
over and over again, will have fatigue which
can be rehieved if he can periodically sit
down, because his oxygen consumption in
the sitting position is greatly reduced over
the standing position, and he periorms vir-
tually less work within himself. Conse-
quently he has available greater reserves of
energy for his performance,
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- hourly or-at hour "and one-haif intervals,

" esting subject. 5 3

2%

It has been pointed out, and we have beeg-
able to show in some small i:'xves(ig-‘uicu
that if it could be arranged that this job
could be done in the sitting position, the'
output would be increased and the indiyig. -
ual would suffer less fatigue. o

It has been shown that, in jobs whicy
call for a to-and-fro movement betwee
more or less fixed positions, without mudj'?f
opportunity to rest, if the period is brokey

and simple freedom of motion allowed g=
get out of the range of what he was doing,
rest is instituted and fatigue is relieved,

We have been able to show that the appF*‘.’-‘
cation of bathing, in certain kinds of indyg.
tries, will produce a diminution of fatigue

and raise the capacity of the individual tg' §

<

resist his industry or his job. Those are
some of the featurcs of the occupational:
aspects of disease, or the industrial aspect:
of fatigue, rather. With that casual introi
duction we can go on and attempt to ans\\'q-‘:"-
some questions. Bty

Tests of Fatigue

CHAIRMAN PAINE: Are there |
questions from the floor? This is an int

CiaE
DR. WALSH: I should like to ask3:
question in relation to various tests of {a-.
tigue. The psychologists have all had people
putting round pegs in square holes and
that sort of thing, rapidity of processes.
That is one method that is not my conteft -
of the way to measure fatigue, but it bring?.
up one point ; namely, the relation of fatig®
to the mental status of the individus’
Again, the psychological yardstick may t"
applied. \What is the relationship of the o
telligence quotient of the individual to -
tigue? Does the person using his mitd -
his work fatigue more readily than on¢ ‘.
ing physical activity in which no mental ¢
fort s vegquirad?- - X
DR. ENZER: If I may restate the qg i
tion, I think Dr. \Valsh realiy wants 10 y
out whether individuals of low 1.Q» ¥ .
speak, experience the same phenomen o
fatigue under the same circumstances @
individual of high LQ. y

DR. WALSH : That is right.

3

" BEN JOHANEK (Conno:
\Wakefield, Mich.}: Do you
of this is caused through im;
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kinds of food which give some tem-
Eigocary relief from fatigue, most notably the
\Ssogars, carbohydrates, and a good deal has
heent done on the proteins of diet. But in the
gense that I have tried to lay the subject
- 4his morning, diet is a factor in fatigue be~

7§ &%giuse it becomes 2 disease state, and a dis-

gase state induces fatigue. Diet will produce
state of fatigue if we have some acute

J&mrbance in the habits of dict.
Factor of Noise

“MISS MARY LOU SCOTT (Jos. E.
1 Seagram & Son, Louisville, Ky.}: I would
ke to know the eJect of factory noise in
regard to fatigue,

*" DR ENZER: Noise is a factor in fatigue.
We demonstrated ::at objectively in a sci-
entific way in a lzdoratory, in this manner:

. We tested indivicuals for the flicker phe-

. momenon rate which, as I said, constitutes
~..eur base fine. Afterwards, we stimulated

sty thythm and rate, the object heing to

:%e whether we could fatigue one center of
brain and in that way effect fatigue in

another center of the brain, or whether we

eould distract one center from!the other,

\Ye found that this investigation brought

10 light two ratker interesting things, or I
- would say three, perhaps. One is that there
are, comstitutionaily, individuals who are

N

o
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Beir ear with 2 sound of a regular-inten-’

sensitive 1o sound, because we could pick
out from a group of individuals people
whose flicker phenomenon was greatly de-
pressed when their cars were stimulated;
which suggests, perhaps, that such individ-
uais work best i a quiet atmosphere. That
is a speculation,

Anothier type of individual constitutionaliy
wasn't affected at all. His flicker plicnom-
cnon was exactly the same rate.

The third individual had his flicker phe-
nomenon raised; in other words, he was
stimulated by sound. T think casual exam-
jnation amongst yourselves will probably
bring to light illustrations of the individual
who can concentrate on reading a book whiie
the radio is going on and understand both of
them perfectly satisfactorily.

Now, when we fatigued these individuals
by their routine work--in other words, we
conducted the same test in the morning and
got a certain base line value; then they did
their day's work, and we tested them at the
end of the day—we found that fatigue ac-
centuated the direction of their natural con-
stituttonal tendency. In other words, the in-
dividual to whom stimulation of the ear
depressed the flicker phenomenon found
that depression increased at the end of 2
day's work.

PAUL M. HARRIS (Western Austin
Co., Aurorza, I1L.}: Does the human system
have the ability in any way to build re-
sistance to this monotony, so it doesa’t affect
fatigue other than the infusion of glucose
or the increasing of the oxygenation?

DR. ENZER: That is a phenomenon
known as adaptation in a physiological sense
and, in the social sense, it is a question of
getting used to vour jobh; but the unfor-
tunate part about getting used to your job
is you are not the same today as you were
five vears ago. In other words, the individ-
ual today can't get used to the things he was
used to five years ago. Age is an important
~factor in that direction. The longer the in-
dividual is at a fatigue-producing job,
sooner or later there will come a time when
his fatigue becomes manifest,

We have found that our so-called fatigue
testing standards showed no important fac-
tors, so far as age was concerned; but the
older individuals had a lower threshold to
the thing that produced the fatigue than the
vounger individuals. In other words, it is

e
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not eutirely true that expericnce with a job
is a guarantee against fatigue.

CHAIRMAN PAIXNE: In order that you
may not be fatigued. T am going to change
the subject. I am asking Dr. Belknap to take
the two next subjects, 3 and 4: “The Toxic
Limits of Common Solvents” and “Lead in
Industrial Processes.” and dwell on those
subjects as one.

Toxic Limits of Solvents

DR. ELSTON L. BELKNAP: Mr,
Chairman, I know there may be several dis-
tinguished guests but I am sure that we in
the medical profession always feel peculiariy
honored when Dr, Hamilton is in the audi-
ence. If there has been. anvone who has
been responsible for bringing to the atten-
tion of American industry and the medical
profession the importance of toxicology in
industry, I think it is Dr, Hamilton.

I will einphasize a few of the toxic limits
of the common solvents, so-called thresholds.
While these limits have been more or less
agreed upon by. authorities in this field, par-
ticularly such as Doctors Drinker, Haggard
and Hamilton, there is no threshold that is
arbitrarily perfect, and the actual decision
of whether or not tze solvent has been toxic
is the observation of the patient who has
been exposed to that solvent, by a pliysician
who must determine whether or not there
has been a temgorary intoxication and
whether or not there has been a residual,

Dr. Walsh has really very ably covered
the subject of the hazards of spray paint-
ing, and solvents which are the chief hazards
of spray painting, but I will mnention a few
which T have groured in increasing order of
toxigcity.

As an example ¢f probably the least toxic
solvent—1I say least toxic because no solvent
is not potentially taxic; in fact, some go so
far as to say that zil good solvents are toxic

~e

Bt~

1,000 parts per million is a”safe limit for
continued exposure. The matter of contamn-
ination by other :ubstances such as benzol
it 5 to 10 per cen: in certain gasolines, cer~
tainly would alter trat safe threshold,

“The next groun of solvents which are

slightly more toxic, are the amyl and butyi

H acetates and ¢ther which are allowable in
o 400 parts per milton, Some authorities still
stiate that they belong in the 1,000-part-per-
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—there is gasoline. It has been stated that nuscle. That, tac, is said to be a con

chloride and ethylene dichloride.

million class. " The most recent report ct

3

them as 400. S

Z

The third group of 200 parts per millioa:,
include the following: Methanol or wogq .
alcoho! which, as you know, mway have 3 %
serious effect on vision and cause blindness;-$§:
toluol and xylo}, tetrachlorethylene, gﬁif':;
chilorethylene and turpentine. B

The fourth group, which has dropped to%.
100 parts per million, include carbon tetra &1

Then the fifth group of 73 parts per mﬂ.-gi

lion, benzene and dichlorbenzene; and fnally'¥
nitrobenzene, which we, fortunately, actu.”
ally use very rarely as a solvent. is 3 parts.
per nllion. .

T think it is important to remember that%
these solvents, if in sutficient coticentration, 2"
may kill. This is in contradiction to theil}
other subject that I have been given, whichi®
is lead, which very rarely kills. These obof
vents kill, first of all, by simple sutfocation,
if they are used in an enclosed space,"
as in a vat. But the sinister element of thesr
solvent, of the toxic solvent, is the fact 3
it affects the ccntral nervous system becml-i_gq
as you know, thesc solvents are fat solvemg%
and our nervous system is largely made BpX:
of fatty tissue or lipoid tissue, so the nér¥
‘ous system is very casily affected. We hay
invoivement, therefore, of the eve, one »f;ﬁ
the most highly developed nervous stricie
tures. Then we have central nervous systey
involvement, paralysis, inability to walich
Also, we must realize that some of thee
solvents actually damage the liver and U%5d
kidney, causing an acute Bright's discase-‘gié- g
is thought that some of them may @%5g
cirrhosis of the liver.

Fortunately, one of the best soivents
one of the most dangerous is not incle
in the list at all now, the tctracf:lorct{l)‘[‘“;:

™~

group used in the airplane industry 18 Kz R

past. That had the peculiar ability to ali

every part in the body, including the M. L ¥,
A u_?'s:.

.
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onc in the factory. We of the medical
~rofcssion have always felt that we like to
"7t our cards on the table. \We know that it
"¢ great deal simpler to follow the ancient
. jom and tell the truth. So that I‘admire,
. jor instance, the benzol company which puts
% en its barrels, the word “Poison.” I am not
+ a position to know whether they miore o
‘s did that because they were told to, but
"‘Ih;o\s' they do it.

I think there are many othér companies
% ihat should put the same label on their prod-
fxids, In this counection I would like to tell
~Fof a case that I was asked to see, where a
} “young boy, in the middie of the summer,

“yorking in a shop which made motors, sud-
“% denly became very sick, had severe headache,
“Pwas dizzy, and had to-stop work. He was
. Mxorking ‘with a substance which he regarded
35 harmless.

When I first heard of the case [ insisted
#] would want to see the process and sce the
E": fant and get my information firsthand
fg‘mher than attempt to talk to some foreman
7by telephone. (The medical profession as a

‘I Fxhole is learning that it can only fulfill its

fesponsibility by demanding the right to
Imow 2ll about the exposure of the patients
that come into their hands.) ’

" When I went into the shiop I found that
- ‘t}fis worker was using a large paint brush,
+::dipping it into a large bowl of liquid. which
i he then slapped on the motor to get the
{ grease off. On this particular hot day he
colved the idea of setting a fan, which
- ordinarily, perhaps, blew the fumes away
-from him, directly opposite the bowl of
.~ material and blew the fumes directly in his
e He got cooled, and then he got sick.

21 asked the foreman  what ias in that
- <Material, and he said he didn’t know exactly;
“% was stock material, perfectly safe. as far
73 he knew. T said, “Well, T would like to
W what it is.” So there was considerable
“Upsetting of routine. \We finally went out
™9 3 shed in the yard, completely dark;
¢ ¥ finally got a flashlight, and we found a
. 3rrel of benzol marked “Poison.”

,:\:\0“" o one in that shop knew what they
_Yere doing. There were a dozen other work-
gsn each doing the same thing but who,

unately, had not gotten this brilliant idea

% the fay

q,;n‘(' curious thing about this particular
P was that in another department, not

Qccupational [iscase

more than thirty feet away, they were doing
:pray painting, and they were doing it prop-
erly. Instead of exhausting the spray over-
head and Dbringiny it right back in the
worker’s nose, they had their suction under-
neath the objects to be sprayed and took
advantage of draft as well as suction. They
had good engincering equipment and staff,
but they simply didn’t know what they were
using in this particular instance,

I had another experience with a man who
was a so-called neurotic, I think most of you
can spot the neurotic, if you have had any
shop experience. This man certainly was.
He had been to half a dozen doctors. One
told him he was going to die, and another
one said there was nothing the matter with
- him.

Again I demanded to see the shop. We
found he was spraying an aluminum paint
with a harmless solvent, a diluent, with
good suction and a good spray gun. How-
ever, on further talking with him and con-
firmation from the foreman, I found he was
the one man in the shop who was delegated
to clean the spray guns at the end of the
working day, He would sit down and squirt
matcrial, which he called chloride, in and
out of the spray guns, and lean over the vat
he was working with. Finally, he noticed he
Legan to get happy and whistle and sing,
and he began to look forward to the experi-
ence at the end of every day. However,
finally he noticed ke was getting weak, he
was dragging one leg, and his hcart was
zoing very fast.

Well, this illustrates one other sample.
This was a large corporation. Yes, they were
using chloride. Finaily, after great diffhculty

" —— and having to go to the treasurer of the

organization and going into the files we
iound that this was a material which they
kad bought from a supply house in another
city, and they did not know what was in it.
We finally found out it was ethyiene di-
chloride.

The course of that individual iz interest-
ing, in that we put him in the hospital. It
eventually cost that company quite a lot of
money. I was in this to find out all T could
leari dbouf “the” action "of that particular
substance. I put the man in the hospitai three
cr four weeks and did a number of delicate
tests on him.

Well, ke came through, and interestingly
ve found that he kad an opportunity to de-
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velop a cold once or twice. Every time he
did, he developed jaundice. Then, of course,
we did liver function tests and found reduc-
tion of that. We found he 2ad a weakening
of the heart muscle. We iound a definite
loss of the reflex in one ankie-joint, showing
2 definite involvement of the central nervous
system.

We were able to get all the physicians to
agree that this man was considerably dis-
abled, that it was due to his occupation. You
will understand, I was sceing him not for
himself but for the company. I think a good
many of them thought I kad been a little
generous to this malingerer. This man went
ahead and got a large setilement. I-don't
know anything further about the case except
that I did hear that the man died and that
the death certificate said “cirrhosis of the
fiver and heart failure.” Unfortunately, we
didn't have an autopsy to confirm it.

In my opinion, the toxic solvent is one of
the most dangerous substances and it may
seriously disable and kill.

Lead in Industry

As a preface to the subiect of tead in in-
dustry I would fike to say that I am not
specializing entirely in industrial medicine.
T am onc of that increasinz group who feel
that industrial medicine is not a specialty in
itself but is merely a division of internal
medicine or diagnosis, :xz large field of
medicine which in privats practice corre-
sponds to or is correfated with the field of
general surgery, I am glad that a large pro-
portion of my practice is sull private prac-
tice. T am also consultiny medical director
to onec of our industriai concerns in Mil-
waukee, with branches ovzr the country, so
that I have an opportunit to sce lead and
other toxic materials.

\When you sce 2 man -who has said, “T
have lead potsoning,” do not forget he may
have some other disabilizies and diseases,
such as acute appendicitis, gallbladder, kid-
ney colic and so forth. I= my private prae-
dce my interest—hyas beentharpentd co-that
1 always make an effort =5 take 2 very care-
ful occupational history -a a paticnt, even
though he may come to me purely as a heart
case, lung case or what-kze-you.

In this particular plaat in Milwaukee,
which began by having znd still has, as a
farge proportion of its w-rk, storage battery

plants, when [ came there about 1y Years
ago we were having an incidence of ;bou'
24 lead cases per 100 emplovees per yeqr
which corresponds pretty well with the per.
centage of 13 to 16 reported by the Pyl
Health Service in work about that time,

In five years, by cooperation with ghe
medical department, the engincering depart.
ment and management, we dropped that 1o
an incidence of 2 per 100, and for the pag
five years we lave had 1o cases of [egq
poisoning at all. We are still handling leag,
and we are still handling it in farge amountg

[ think that in the storage battery indus.
try, probably, men are exposed potentially,
at least, to the greatest concentration of lead
for absorption dircctly into their bodies thag
in any other industry. 1 am giad to repont
that, having followed this particular group
of workers of about 80 for this period, at.
the end of ten years they are certainly just .
as healthy and, in many respects, I think ;
healthicr than the general run of the popu- i

lation. Of course, we have reduced their ¥

lead absorption, but at times it will break®
down the physical resistance and respiratory.™
protection. They occasionally have largey

o
doses of lcad. Many of these workers were
persons who had had lead poisoning or seny::
ous lead absorption in the period of ob-_,

o

servation. o

Lecad is one of the most widely used so-
called poisons in weil over 200 industries.
I think there is no doubt but in the large’
industry the hazard is well controlled. First:
of all, it is recognized and then every effort
is given. No expense is spared to study the.
men and to reduce the continuance of a0y

cxposure, However, in the small industrf,.

which is the major portion of industry B,
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" ye * course, as many of you know, they were at have seen a great many men in onc particu-
A 3 tsmoofhed off by lead paste which, after lar type of ship industry, cutting up old
F abay; 5‘5 coled, was then ground by machine ships outdoors in mid-winter, and 1 have
Ty, ’t‘cde,- and produced a great amount of never secen men leaded up so rapidly. Of
the per. . gnely divided, inhalable dust. This brings up course, this is an old story. The Navy
" Public bn fact that the most important hazard in  found this out twenty years ago when they
time. the. lead industry is the point of inhalation. scrapped many of the old ships. Unfortu-
U e Remember that lead dust inhaled is much nately, some people in industry, as well as
depars. more dangerous than swallowed, and that doctors, are not very good on keeping up
that , | - very rarely are lecad compounds absorbed on their own work, by reading, and experi-
the pan ~"through the skin, perhaps with the one ex- ments have to be made again,
of lad | " ention of tetrachloride fluid which is an In the smelting of tead or zinc ore and
"g lead, |- . ormanic and fat soluble substance. scrap metal, lead poisoning occurs. In pot-
‘noumts,  §- - 1p is rather amusing that many plants, tery making where a glazed mixer is used,
v indus- smaller plants, particularly, have had to one most usually is exposed to lead. In the
tentially, give up machine grinding of welded joints. printing industry we have heard a great deal
» of legd Here is 2 return of modern industry to the of lead poisoning.
lies than horse-and-buggy stage. They are going ’?“Ck I had an opportunity recently to make a
0 Teport [5:v75 hand filing where, of course, the particles  gurvey of a group of printers with the Wis-
¥ group are heavy and are too large to be inhaled.  consin Industrial Hygiene Unit. They went
eriod, at The problem can be licked, however, even into an analysis of the air, and I examined
nly just by machine grinding, if one uses respirators.  the men. To be sure, our list was not large,
T think “Z% Tt has always been said that lead poison- some 30 men in fourteen different printing
'€ popu- "‘“";;g was very common in painting. My ex- establishments, but it was striking that all
id bthu; ~‘p¢ﬁence in ordinary painting nowadays is of these men were in excellent health and,
<L brak  baisiis very rare, particularly on inside painting  as far as I could sce, there had been no
.iglr'-ahu;;); ,__: where lead has been substituted by other great deal of turnover.
ars were pRgsabstances, such as titanium, zinc and S0 However, there are one or two spots in
Lot “fiidorth, which are harmless, On the outside,  the printing industry that are danger spots;

P Sowever, lead is still used, in many instances,

bécause it is the one substance that will

that is, of course, the man who remelits the
old type metal or who saws it, if he uses a

tand the weather. machine saw. I think it is interesting, going
dustries. - EEsg ere we come again to the question of tIzrough our records of printers in the State
the large " EF5Eely divided, .mhz_x!ablg dust where men of Wisconsin, for a great number of years
red. Fitst ES burn off old paint in private homes; not in  past, we have had only three cases, one of
~ry effort ‘h% large msta})atnons,.oi course, or sand, which was really a serious case, and that
tudy the :-;l_\fxtbcr by machine sanding or by hand sand-  man was one who remelted—he was the for-
s of aoy ¢ 7mg There we have the question of finely gotten man, worked down in the basement
industet. divided dust which is inhaled. You must on a kettle, where nobody paid any atten-
tustey 0 .{emcmper that dust when inhaled passes di-  tion to him, and there was no protection.
‘ping L) ::ﬁ)' into the system and immediately cir- In passing, I will simply name soldering,
:enter ¢! utes throughout the entire body. and that occurs very frequently even in the
ta Wis- -~ 1 make 2 recommendation, therefore, that  cvaporated mitk industry out in the country;
and 1{313 . . 4y worker that has gotten his lead by burn-  tempering of metals, hrass foundries, ink
her Wil 28 off or sanding, be given a respirator for making, insecticides. This potentially may
. . t purpose, even though lic is an outside occur in Jcaded steel when it is scrapped.
2 dangef orker. Then 1 would class as the final one, the
we havt % In the wrecking of old buildings and old risk v:'hich says they have no lead hazgrd.
s in ¥ 1 SRS of course, there is the constant pres-  Lhat is the place vou should look particu-
sugh ¢ E~;m of lead absorption wken the steel has [2rly.
‘cen 12 oo Coated with several coats. It ideally As I said, the important portai of entry is
: an @ = a .fglme which is so fine as to be al- through the nose. If we becar that in mind,
<298t Invisible and is absorded directly into  the problem of control of lead poisoning is
¢ batte™ :--T.%system. The only way that a worker really not difficult. If, of course, your en-
NTE - A, tha't can really protect himself, in my  .gineers_reducc the-exposure to 1.3 milli-
1ding. ¢ » IS to use an air-ine respirator. | grams, T don't think you will have a case of
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fead poisoning, However, s a matter of
practical interest. 1 think it is very diflicult
to wet there in ordinary industry, and I
would more or less formulate 3 as a safe
level. | think it has also heen found by other
workers, However, if you get over 3 you
certainly have the possibility of serious lead
absorption.

[ want to emphasize that merc jead ab-
surption does not mean the man has lead
poisoning. He may have a lead line, may
have lead in the urine, .08 millizrams per
jiter, but that does not make lead poisoning.
That is merely evidence of absorption, He
must have. in addition, clinical symptoms of
one of the three types of lead absorption.

As a fanal word in regard to the role of
the medical profession in its cooperation in
industry, it seems to me that the medical
man should first of all be responsible to
the highest man in authority in the plant, so
that he can go direet to him with any prob-
lems that arisc, and hefore any new pro-
cedure is used or any new chemical, have a
conference with the physician to see whether
there is any possible danger, whether there
are volatile solvents or lead, so that the
danger to the men may he prevented hefore
it happens.

I am not making a pleca for absolute sub-
stitution for and avoidance of the use of
lead. 1 think industry cannot get along with-
out the use of lead, cannot get along without
the use of a number of these solvents; but
if industry is forewarned, and if the worker
is informed correctly so he wiil cooperate in
the use of protective devices and, finally, the
medical profession is allowed to sce the pa-
tient as often as they see fit, perhaps every
two or three weeks, then there nced occur
no occupational discase in industry.

CHAIRMAYN PAINE: Are there any
questions on either one of these subjects that
you would like to ask?

MR. HUTTER : What is the eftect of the
smell of kerosene on the worker? Is that a
permanent effect or just temporary?

DR. BELKNAP: As far as I know, there

——==is no i1l effect irom ihe inhaiation of kero-

sene.

R. S. SKYRM (Emplovers Liability As-
surance Corporation, Boston): \Would Dr.
Belknap recommend the direct venting of
lead pots on linotype maclhines shere the
pots are clectricaily heated and thermo-
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statically controlled so the temperature o
the lead does not exceed 500 degrees?

DR. BELKNAP: That is a good prac.
tical question. As we know, lead melts a1 5
much lower temperature when volatilizeq
In my experience, lcad does not really yol,.
titize until around 1,000 or 1,100 degrees,

In this group of workers that 1 am {q). -
lowing, some vears ago, large kead pots, twy .
or three feet in diameter, were unhooded b, -
cause of certain changes in technical peg,
cedure, and the plant never rot around to -
the hood. I disapproved of that and re. 7
peatedly said they would have cases of jeag |
poisoning there if they didn't hood. They iy
said they would just as soon as it was prac. -
tical. It has never heen practicable, and |
am here to say we have had no lead cages °,
develop to the point of disability, and we
have had very little lead absorption result £§
irom that. The same mcen have worked there .
for ten years. dipping lcad out of the pot,

incidentally, at tcmperatures ranging usually %}
from 850 to 950 degrecs. In this group of *f§ -

5 8

linotype workers we found no evidence of
lead absorption in some of the shops \vh»:i"é":i
own experience that hooding is necessary at3
300 degrees. v B
: R

"MR. CARR: 1 wonder if there is anyg
evidence to indicate the toxic limit for butylset
alcohol could be raised above that given?§
We had experience over snme twenty years
with the same group of men, working i
concentrations from 200 to 400 parts per
miilion, ard under careinl examination theyd
have shown no indication of trouble i"

One other question is whether niuck work >
has been done on toxic limits of dioxene?

DR. BELKNAP: 1 think Dr. Hamillon.‘;
will have 0 state if she recalls whether W¢7°

have toxic limits established for dioxene. - %

DR. HAMILTON : Dioxene is the trade ™
name for diethylene chloride. No wxig fimit ©
has been established for that. \We consider¢d”
it a fairly :afe solvent until some very 98
astrous cases occurred in England frof .
over-expesure, causing five deaths. S 3
then we %ave looked upon it witl & 8% °

deal more suspicion. There has mot b:;
cnough work done on it to establish ¥

maximurm allowable concentrations.
DR. DELKNAP: In recard to buty

cohol, the butyl radical acetate 15 mud!

toxic than ethyl or methyl, particular¥s

" . . views
I would he interested in your point © L

%
{al "
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Jinits.
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AR GUMMAR: I want to endorse com-
pletely the principle of maximum clearances
of safety standards in engineering, but they
doutd be based on factual data. As regards
pluene, there have been enormous quantitics
ged in the lacquer industry since spray
winting came into use. It is sprayed into the
isir a5 hne mist, and even though it evap-
orates at a slower rate than benzol, if you
ihale the mist, you get severe effects, if it
is toxic.

I have emiployers in four states, New York
Sate, New Jersey, Ohio and Connecticut,
xho for the past sixteen years have not had
any reported cases of chironic tolucne poison-

Jing: yet Ohio in the past sixteen years has
‘lad over 69 cases of poisoning from zaso-
Jlne in the petroleum industry. '

'_;_?:As to the experimental results, T can find
m experimental data indicating the toxicity

should be such a low value. Some of the
ceonfusion arises from the failurc to dis-
tinguish between chronic and acuic poison-
“mg. It is a fact that in extremely high con-
eentrations, toluene and xylette are tmore
toxic than benzol; that is. if you go into 2
chamber where there are 20,000 parts per
million, yvou would he unconscious quicker
from tolucne and xyleme than vou would
with benzene, but that is an entirely separate
phenomenan from the <low chronie poison-
g,

CHAIRMAN PAINE: The next topic
will be “Skin Affections” and that will he
handled by Pr. AL 1. Reuter.

Skin Affections

DR. M. I. REUTER: \When we consider
o what cxtent the skin of the worker i
$Xposed to injuries, the action of chemical
!rritants ard the various infectious agents, i
s mot surprising that occupational skin
83ses are a major problem in industry. The
‘mited Srates Public Health Service ¢t
mates 69 per cent of occupational disease-
e skin divedsds. They caisied out a saudy
100,000 workers and found. in the course
:f; Year. tiat one per cent of these worker:
¢ affected with seme skin disease as =
’E}:l of ticir work. This did not inclusis
NS, splashes of acits and alkalis, and ¢
ordinary 7 mfections of scratches
Shrasions,

Occupational Disease
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The problem conironting the physician is
to determine the relationship between the
skin disease and the occupational environ-
ment, to discover the nature of the offending
agent and to adopt measures designed to
cure the condition and prevent its occur-
rence.

There are many predisposing causes of
occupational dermatosis, such as uncleanli-
ness of workrooms, of clothes and of per-
son. Previous skin discases as, for example,
eczema, are potent factors, because individ-
vals with eczema react seven times more
frequently to external irritants than non-
eczematous individuals. The skin of the
voung and old is more susceptible to irrita-
tion and infection than the skin of persons
in middle life. Dry skin is more vulnerable
to irritants than oily skin.

The skin of certain parts of the body is
especially sensitive, for instance, that of the
eyelids and genitalia. Anything which lowers
the normal threshold of resistance of the
skin may act as a prudisposing factor in the
production of dermatitis and of infectious
iesions, These factors include bruises, marked
sweating and  maceration, prolonged ex-
posure of the skin to water and especially
to alkalis and repeated scrubbing of the skin.
Thesc agents tend to remove the normal
protective coats of the skin, that is the outer
horny layer, and thus expose the sensitive
epiddermal cells directly to irritating material.
A\ point fairly recently cmphasized is that
individuals with contmon athicte’s foot are
much more pronte to occupational dermatitis
of the bands, Apparently this infection of
the feet acts as a sensitizing factor.

The actual causes of occupational denma-
toses are mechanical, physical and hiologic
azents and chemical irritants. Mecharical
awents produce bruises and lacerationsz, as
well as friction and pressure resulting in
various inflammations and thickening: of
the skin,

The physical agents which may produce
an occupational dermatosiz are hear and
cokl. either dry or wet, electricity, ultraviolet
rave. either from the sun or artificiai. and
x-rayvs or radium,

The hiologic azents are the common hac-
teria, funai and parasites.

For the most part, however. occupational
aiTections of the skin are the resuit o7 con-
et with ieritants of a chemical -ature,
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usually acids or alkalis producing simpie in-
flammation of the skin.

As a subject for discussion, I might say
that probably cleansing agents used by the
workers are one of the most potent facrors
in the causation of occupational dermatitis.

CHAIRMAN PAINE: This is a subject
in which there are a number of men inter-
ested. Will you expedite your questions?

DR. ENZER: I would like to ask Dr.
Reuter to say a work about skin cancer in
occupational exposures.

Skin Cancer

DR. REUTER: Ewing has set forth five
postufates which must be fulfilled before
accepting trauma as the cause of given can-
cer. Ewing states: “First, the authenticity
and adequacy of injury must be estab-
lished.” That is, the patient's statement re-
garding injury must be substantiated, and
there must be actual tissue damage.

“Second, the previous integrity of the
wounded part before the injury must he
established.

“Third, the cancer or tumor must arise at
the point of injury.

“Fourth, there must be a reasonable titnc
limit between injury and the development of
the tumor.” That is, if the tumor develops
within two or three days after the injury,
it isn't reasonable that in that short a time a
tumor could have developed.

“Fifth, the positive diagnosis must estab-
lish that there is an actual tumor present
and the nature of the particular tumor.”

CHAIRMAN PAINE: Dr. Enzer, do
you want to speak to the point?

DR. ENZER: [ thought Dr. Reuter might
say a word about the increasing attention
now being given to highly complex chemical
agents which have the property of inducing
cancer in the experimental animal; We know
of certain agents which have that property
in the human. The commonly known one is
tar cancer. We know also of certain aniline
products which would produce cancer of the

—zkin, of thd urinary bladder, and so on. I
think that subject is highly complex, but I
think it should be brought to your attention
that in the dermatology of today vwe deal

not only with dermatitis but also deal with’

tumors.
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DR, REUTER: I have had ver
occasion to pass on a question of cg
re skin arising” from alleged contact Wity
<ome carcinogenic agent. .

C. T. DENSMORE (Koppers Co, §,
Psal. Minn) : I would like to hear 2 i,
about the effects of coal tar and creges. -
oiis in relation to cancer and what. ¢
and also the inhalation of the creosote Vt;-
pors. =

DR. REUTER: Regarding the deveiop
ment of cancer from coal tar and cregsg,+
I have had no experience. We do know thyt ..

Y litd
Nicer of

coal tar is the nearest to the skin and dou” f

produce an inflammation about the ey I which causes the most ¢

foiticles called folliculitis. It is undoubtedy?

due to the plugging of the follicles with the |

tar and perhaps some stimulation of
epidermal layers of the skin from the "
which sets up this inflammatory react
around the hair follicles. I think the same

development of hypertrophic lesions of
skin, particularly cancer, I have had no ¢

]

perience, P

%

had no actual cases brought to my atld
sion., As far as I know, the fumes wouIc'l'E?
no more irritating, possibly, than causing’
irritative cough. I know of no cases, rél
¢i acute chronic bronchitis or other Hp%
cinogenic results. ]

DR. BELKNAP: As for creosote, I-Ean--

CHAIRMAN PAINE: We wm’le_'a'%;

zny other questions to the end of the &g
sion and hear Mr. H. A. Nefson, Indusfm!:]
“Should occupational diseases be consider
21 industrial injuries ?”

Discase Vs. Injury ;
H. A. NELSON: Mr. Chairman: 7%
=:estion which 1 have been assigned is 5.
caotible of treatment in several ways .
221 treat it in a highly technical w3y }{1
Juibble about the court construction ob =
word “injury” or we can treat it 1 3lslf5"
<ral way and ask whether occupationd! &
szses should be compensated. That ¥ =
-zal crux of the question today. e

. : it
It sometimes astonishes me that'o;ha
-zars after the passage of compensatic

ety e TN

e R
! -

).

e are still disputing this q“esundiﬁ“"
~hether we shall compensate 3 ot
hich may cause disability and whi¢

hich 3 ¢
+7, .

- psible g
: “’!‘fl@ona}

R

2 of industry just as clear’
Jental injury. There are va
tng the problem. One. of

gothing about it and that :
dghteen states in the Union ar:
are not compensating occupal:
4t ail. Out of the other state
jew which are compensating
gonal diseases, and some of ti

ting by schedule.

yow, schedules are usually
(at there are 2 great many ¢

are mamed, but very generaiiy
what they leave out the one occ

e

example, silicosis is left out of
of the state laws which ha
Therefore, silicosis, which is

cupational disease is not compt

When we go back to the pri

: 1. of workmen’s compensation, wt
true with creosote. But, regarding the actu]
N

the compensation fathers did

" question at the time the comr
“were passed. That was the t
" Either through inadvertence

“ eases, through design, occupat:

were left out of the laws pre

t bt "accidental injuries were tc
<~ sted, I think that was largel

the rather violent split from tix
W system and leaving out of
the question of negligence. It

violent split, but it is surprisit
of these years occupational dis:

- mam uncompensated in so man

When we consi
= P i " . . sider the natur
Commission of Wisconsin, on the qucmz-; E

Plfopal disease, which is us

. wsidious process, over which -

wlf, the employee, has no con
which the employer, as the:

told you this morning, }
m of.control, there seer
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Mjury.
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ease be compencated. The trend is coming
on. I belicve that industry and society wiil
be gratified when the problem has been
solved by whatever methods may be adopted
and suited to the different states.

CHAIRMAN PAINE: Are there any
questions you want to ask Mr. Nelson be-
fore we go into the general discus.ﬁion?

ADOLF AMRAM (Hamlin & Co., New
York City) : We passed a compensation law
~in New York State some two or three years
ago. Perhaps vou recall that first we passed
a most illogical law, the all-inciusive act
which acted most disastrously not only to in-
dustry itself but to the workmen. You are
familiar with the history and the recall of
that act. [ dare say in a number of states it
15 absolutely right and proper the compen-
sation act should inciude silicosis, but it
should include silicosis on a schedule basis,
as [ think is the case in [linois.

MR. NELSON: All states are not as
fortunate as some other states. I think we
arc showing generally throughout all of the
states that the problem ¢an he solved.

Protection for Welders

CHAIRMAN PAINE: We have a few
minutes. Anyone in the audience has the
privilege of asking this panel of doctors any
questions they want to raise on these main
subjects.

I. S GREEN (Edgewater Steel Co.,
QOakmont. Pa.): [ would like to ask to what
extent an ordinary welder in a smali plant
should be protected? Once in a while there
will be a hardening material which has
poisonous results. Other times there will be
flame cutting of paint on a product which
will raise some noxtous poison. To what ex-
tent would a welder or a cutter have to be
protected?

CHAIRMAN PAINE: The question is,
how are we going to protect, and what is
the exposure to welders on new material
or on old material that has been painted?
I will asik Dr. Walsh to angwer that ques-

IR L TN O T

DR. WALSH: Within the past couple of
vears we have had occasion to zo over a
aroup of about 1,000 welders, Of that group
some 300 have been welding for ten or more
vears, They were gone over from the clinical
point of view. X-ravs of the chest were

taken. Disabiilty due to sickness ovep th
ten-year period was calculated and seep fot
cach individual man. There certainly wag
marked difference in sickness rates ang n
disability rates in the welders as compary
to the generai run of employvees working
their side in the same plant and in the sam,

o who mig.in
“gvery Tae frow
Jividual who ha
rger Cent COnsti
L for the mdivid:
teast there.

vow, when we

economic situation. $xic solvents, sa:

When you are considering welders whe
are cutting painted materials, Icad-bea,{ng
paints, or who are welding in confined
spaces, you have a different problem; by
for the ordinary welding group, working i
a large, airy room, with ordinary precag.
tions and ventilation, their health is just 35
good as any oirer group of workers. If they
are cutting paint or toxic coatings of any
kind or lead-bearing steel, or if they ace
working in a confined space, then additional
respiratory protection is necessary.

So far as the question that was rampant
a few years azo, that is the development of
so-called fibrosis of the lungs due to weld-
ing, we have not found this to be the case.’
Dr. Enzer and Dr. Sander at Milwaukee
have had occasion to examine at postmortem™

¢ limits of an
¢ that the pro.
dved by 2 bl
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a few of these individuals who have been; It is very sim

welding for long periods of time in confined.:

tors we have av

spaces, usually. They did find there was an““: _whenever he is ¢
increase of iron in the lung but no fibrosis T} we such a respt:

p

causing harm. PRk weries of cases ¢

Recently, we also have cxamined another
group of weilers, that is a variant of the
welding trace. scarfers, in the continuous’
production ¢ steel. These scarfers use 27

long torch azd blow out the defects in the -

billets rather than chiscling them out. This.
group also, while it is an infant in the group
of welders., zoparently have no health haz-
ards of any consequence in their trade In

other words, 1 think if ordinary precau-:

tions, so far as ventilation and so forth ar
concerned, 2 need not be concerned other
than if we zre using lead or chromium Of
some of the :oxic materials,

CHAIRMAN PAINE: Dr. Enger will
speak for a minute on the subject and then
Dr. Belknaz will follow him right up.

DR. ENZER: I want to scize the oppo”
tunity to mzke some comments relative to
the general zititude of this panel dis
[t is most important that in any approd
to the probiem of industrial health Wwe ‘°;
member thz: a statistical analysis of g“’“g
is not a true eriterion of the health of 1 c
individual. Tn other words, just like the suf
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ccon who might boast of a 99% per cent

fecovery rate from a specific operation, the

;ndi\'idual who h?.ppened to belong to that

per cent comstitutes 100 per cent mortal-
ity for the individual, There is a very sharp
* contrast there.

" Now, when we talk about safe limits of
- foxic solvents, safe limits of toxic agents,
" gafe limits of an industry, we must remem-

“per that the problem is not going to. be

“solved by a bianket generalization of a

" groblem, but by a careful and meticulous

-gnalysis and study of the individuals ex-

. posed to the industry. I know of no other

y . way that this can be done except that in-

dustry realize that the profession of medi.
. ¢ine forms the keystone to the solution of

3 these problems. .

DR. BELKNAP: I simply waated ta am-
s plify what has aiready been mentioned, and
. that is when 3 welder or cutter works on
“mpaterial that has been painted or coated
Fwith lead, he, of course, probably will ac-
“quire lead absorption in a scrious fashion
“about as quickly as, if not quicker than, in
“any other way.

It is very simple now, with the respira.

“tors we have available, for a shop welder,
whenever he is doing that type of work, to
use such a respirator. In my own particular
series of cases onc of our cascs of lead ab-
sorption was a welder who had been re-
pairing some ovens contaming a  large
amount of lead,

Also, T had occasion recently to see hali
2 dozen cases of cutters who were cutting
up tanks in a large chemical plant, These
steel tanks had been lined with tead. They
coul.d not understand why the men were
Retting lead. They went through the lead
with a torch 3000 or 4000 degrees and they
ab“}fbed fead cxceedingly rapidly. It is not
2 dificuit question to solve at all but it is 2
Matter of having periect confidence in what
the work is for and preparing for it

wMR' CARR: In connection with weldinz.
\.e have had instances of zinc chills from
“ork on galvanized iron. We have also had

Dby~ torm~poisoning  from the use cf

Oated electrodes.

mlat}\:olul.d alsq like to cail attention to =
. eanl:\»e'\ new cc\-ciqpn?cnt, th:.!t of the flan:c
450 :2 (14 mf:mls hefore painting, by ‘ﬂ'.v:
Ef{“lu(:)[. 2 special o.\"\“guc(}‘!c:lc torch. Th :

€5 previously rainted merals as wedl

Occupational Discase

as those which simply have mill scalc on
them.

R. J. WOODHOQUSE (Continental Cas-
valty Company, New York City): I had a
case a short time ago that I was called upon
to investigate. The man worked in a small
printing plant where he was assumed to
have contracted lead poisoning. After mak-
ing unpinger tests which proved negative,
an award was given by the commission to
the widow in the amount of $13,000. The
lead was melted around 650 to 700 degrees
and the experts proved that toxic fumcs
were not liberated.

I wonder what yardstick the referces used
to measure those cases, in the face of such
exper! testimony.

MR. SKYRM : I would like to kiow the
rclation of hemlock poisoning and poison
ivy to skin disease,

"'DR. REUTER: Poison ivy, of course, is
the most common plant that causes derma-
titis. Hemlock is occasionally the cause
Poison ivy is an intense irritant to most
people’s skin. It is a question of whether in
itself it is not an irritant to all peaple's
skin.

We used to think we knew the cause of
poison ivy dermatitis, but morc recent work
has tended rather to disprove that we do
know the actual cause of what it is in the
plant that produces dermatitis. Apparentiy
it is a water-soiublc fraction rather than w:
oil.

Its relation 1o occupational discase de-
pends on what the individual is doing. [T he
15 exposed to it in his occupation, for ex-
ample, as a farmer, WPA worker, luniher-
man or any occupation that keeps an indi-
vidual ocut-of-doors, and lie conrtacts paison
ivy, it certainiy would be an occupariomai
dizease. Poizon ivy dermatitis s apt 1o le
a much more wviolent dermatitis than thae
irom hemiock.

CHAIRMAXN PAINE: Mr. Gumaer,
will you repeat vour question?

P. W. GUMAER : The question was, what
is the basis of the comparatively low maxi-
mum concentrazion of toluol in the ab~ence
¢ any reported oecupational disca~c vases,
and are there any experimenta! daa (o war.
it auch 2 lew concentration where such
experimental dama deals with chronic poisoa.
T aind not v acure poisoning*
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DR. BELKNAP: The question s,
wiiether toluol is really as toxic as 1 inti-
mated it might be, being permissible in only
200 parts per miilion. Is that right, Mr
Gumaer?

MR. GUMAER: Yes.

DR. BELKNAP: As far as the official
authority ¢f that is concerned, it is taken
irom the code for safe concentrations of
certain toxic substances used in industries,
whose authors are Bowditch, Drinker, Hag-
zard and Alice Hamilton which appeared in
the fJune 1940 issue of the Journal of In-
dustrial Hygiene and Toxicology.

1 do not know whether there is any prac-
tical cxperimental work backing that up,
but inasmuch as toluol and xylol are very
closely rclated to benzol, I assume that the
authors felt that it as yet could not be given
an entirely safe record, for instance, com-
pared to gasoline,

I will say, among a group of workers who
have heen working with adcquate protection
for several years with toluol solvents, T have
scen no general reaction.

DR, HAMILTON : May I speak to that
for just a moment? That presentation to
which Dr. Belknap refers was got out
simply because a small group of us felt
that we might as well let the public know
what was our best guess at the present mo-
ment with regard to maximum allowalic
concerntrations of the most commonly used
salvents. It is founded very largely on suess-
work.

The guantity of 1,000 parts per million for
zasoline is guess, and so is 200 parts of
toluene. We are hoping that we shall he uble
to aive more accurate figures presently,

?\u
_-‘y’:
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The American Standards Association hy,
a committee at work in this field, wiry ,
small subcommittee. \We have just finjsheg
dealing with two gases and two volatile g.
vents, carbon monoxide and benzol and e,
bon disulphide and hydrogen sulphide. There
we have been able to get pretty accurate
figures because we have data to go on,

We are now trying to deal with twelye
others which are going to be increasingly
important in the munitions industry. We
hope to be able to give out more accurate
figures then. But it is a very difficult prob-
lem. You see the only way we can get any "
accurate figure is by having a combined
inquiry made by the physicians, the chem
ists and the ventilation engineers, because
we have to know how many cases developed
in a given workroom at a given concentra-
tion, and also at what concentration do no.
cases come, ey

We could do that with the four I hawe”
mentioned, but it means, as you see, a great -,
deal of careful study in the factory and in.
the physicians’ cxaminiug room. Bringing™
those two together, we can do it with re
gard to lead; we can do it pretty well wi'.h‘:f
regard to mercury, and we have pretty good™
data with regard to zinc oxide fumes.’

calvanizing iron and brass foundries and73

zine snclting; but the rest of the substances™
still are more or less in the realm of guess—
work. B4
CHAIRMAN PAINE: May I, in your.
belialf and in behalf of the National Safety:
Council, thank the gentlemen on the plat:
form who have so kindly led us in this dis-
cussion? \Will you express that thanks by
wiving them a rising vote? -
. .. The audience arose and applauded. . *
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this ventilating current be interrupted for a
period oif 24 lhours and with the same
amount of methane being liberated, there
would be 3,760.000 cu. it. of explosive mix-
ture. Should this be contained in an entrv
10 ft. square, the length of the entry would
e approximately 11 miles.

Methane detectors are mnow available
which will automatically indicate and record
percentages of methane. One type may be
located in working sections on cutting and
loading machines, in the last breakthrough
and along haulage roads. This can be ad-
justed to give a warning by a signal light
or other means at any predetermined meth-
ane concentration. For example, at 1 per
cent or any specified percentage between .3
per cent and 3 per cent, it will operate
special electrical circuits through suitable
relays to cut off the power in a section or

Pulmonary Diseases in the Mining Industry
By DR. R. R. SAYERS
Director, United States Bureau of Mines, Washington, D. C.

Although the attention of those interested
in discases peculiar to mining has been
focused recently on one dust disease—sili-
cosis—other respiratory diseases may -cause
more suffering and economic loss. The in-
creased incidence of these diseases usualiy
ts attributed to exposurc to abnormal air
conditions underground, such as sudden
changes from high to low temperatures, ex-
cessive dust, and noxious gases. The prin-
cipal respiratory diseases to which the miner
is subject are bronchitis, influenza and pneu-
monia, pulmonary tuberculosis, anthraco-
silicosis, and silicosis. Although the mor-
tality statistics in some of the tables ir-
cluded in this paper are old they have been
corroborated by later, less complete data.

Bronchitis

Bronchitis is an inflammation of the
bronchial tubes due, among other causes, o
the inhalation of irritants such as dusts
(organic and inorganic). Occupations that
entail exposure to atmospheres poliuted by
irritating gases carry with them the risk of
bronchitis. According to Collis,* it cannct
he distinguished clinically from bronchitis
occurring among the general population and
its association with the inhalation of dust
or gases usually is unrecognized.

29th Nationa: Safety Congress

wive warnngs in other parts ot thic Mine ¢,
to the outside. Methane recorders for con.
tinuously indicating and recording methyy,
in main returns particularty have been pe,.
fected recently and are designed to be
cated in fan houses or other conveniey
places.

There is no relation between the volume
of methane given off in a coal mine and
the chemical composition of the coal, ag by
bituminous and anthracite mines prodye
methane, and methane has been found &
metal and other mines when tunneling
tirough carbonaceous shales. The commeg
occurrence and explosibility of methane are
responsible for numerous mine disasters and
every precaution should be taken to keep i
within safe limits. This can best be doge
by the use and guidance of methane detec.
{orx. o

During middle life bronchitis causes muck"
recurrent invalidity and incapacity. Morgl':
ity records compiled by Collis® indicate:
that it is of a chronic traumatic origin asse-
ciated with irritating atmospheric cond-
tions, rather than of an infectious origi. .-

.. ot I
Statistics for bronchitis for the general”

- 3
population and for workers exposed to duss

in Great Britain' for 1921-23 show the rok
played by dusts in the increased }ncxdﬂ#
of the disease in certain industries.
comparative mortality per thousand (ages
26 to 63) for those in occupations expo
to siliceous dust was 214, for those expof
to nonsiliceous dust 59.5, and for the &%
eral population 49.6. (See Table 1.)
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In this connection it is interesting !0 m‘! i among Bi
the mortality statistics per thousand,(’so"} October
26 to 63) for coal miners of counties i\h'::
\Wales (in which most of the coal mif o R
anthracite) compared with those f""' T 'itf’gr,'od o
other groups in England and Wales. L o
figures for coal miners are 112 ‘fOC"a_ T ‘J]"" Ce
derground workers and 139 for lne\\ﬂ; i Agest
getters compared with 46 for ma!es'cd C B
same social class and 50 for all occtP! 533
retired males. (See Table 2.) puts® 15.65

In a study by the United States
Health Service’ 35 cases of chrowi€ ™"} %
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1.—Mortality per 1,000 from Bronchitis in Dusty Occupations and in the

. \T"'blc General Population, by Age Groups
k ’ Comparative
Ages at Death Mortalicy
Figure
20— 25— 35— 45— 55— 20—63
ions exposed to

B it v reenf L1 | L0 | 137 | ass 1537 | 2140

Y onsiiceous dust... .- T de | 128 | ais 595

'&Mm! population .......... 0.5 1.7 5.4 13.3 28.8 49.6

guus were found among 344 employees of
féo anthracite mining companies examined.
‘,:In the study conducted by the Bureau of
\mes and the Public Health Service at
ficher, Okla.* the highest incidence of sili-
‘#ss or tuberculosis, or both, was found
soong men who reported having had bron-
itis, pleurisy, and asthma.
g
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!In three counsies in Wales.

Tible 3 —Influenza-Pneumonia Mortal-
¥ among Bituminous Coal Miners—
October to December 1918

-‘«zle Perion Annual Death Rate per 1,000

Bituminous | All Industrial

m Agest Coal Miners | \White Males

s _

=l 50.1 22.3
28 29.3 17.5
.‘-.z%%';és-—-u««(}?..l 326
65 g 117

‘R
E
ftecn yeara and over.

Influenza and Pneumonia

Figures of mortality available for 4,700
miners insured in the group department of
the Metropolitan Life Insurance Company®
show that in the last quarter of 1918 during
the influenza epidemic 64 of these miners
died of influenza or pneumonia. This is
equivalent to an annual death rate of 350
per 1,000. Among all occupicd males aged
15 years and over, the rate from influenza-
pneumoniz in the same 3 months was 22 per
1,000 or less than half as high. In the age
period 45 to 63 years the rate among bitu-
minous coal miners was about four times as
high as among all occupied males in the
same age group. (Sce Table 3.)

Influenza and pneumoniz, as reported,
were responsible, in the years under study,
for 31 per cent of the mortality in the group
of bituminous coal miners at ages 16 to 70
in Indiana, Missouri, and \Wyoming com-
pared with 19 per cent among both farmers
and “all other males” at these ages in the
same countics. (See Tabic 4.}

In 1918, the vear of the great cpidemic.
influenza and pneumonia deaths constituted
33 per cent of total mortality exclusive of
accidents among the bituminous miners in
contrast with 27 per cent among the farmers
and 34 per cent among all other males.
These percentages were not as high as the
figures for \Wilkes-Barre. The fact that the
soft-coal counties under consideration are
fargely rural areas may have made some
difference.

In the epidemic year 1920, the proportion
oi deaths from influenza and pneumonia
was smaller than in 1918, but, as was found
for the anthracite miners, the bituminou:
zrottp chowed a2 wider difference in the pro-
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Table 4.—Percentage of Deaths from Influenza and Pneumonia (After D
Accidents) Among Bituminous Coal Miners Compared with Farmers, ang
Other Males in the Same Areas of Several Soft-Coal Producing States?
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CdUcﬁnz
Wity

Ages
Male Groups Under -
Comparison 16:70 | 16-30 | 3140 | 4150 | 5i-60 | 6l-70
Bituminous coal miners. ......... 3L | 404 ¢ w7 25.1 | 19.7 10.4
ATMerS.. ... ... ... 187 ¢ 384 | 324 | 197 1 124 | 103
Allother males. ................. i 18.6 30,0 1 200 16.0 | 113 108

T —
1915,

! The death reentds for soft-coal miners were obtained from 15 coal-producing crunties of Iadiana,

20, inclusive, 8 enal counties of Missouri, 1917-21, inclusive, and the 6

princinzl coal-producing counties

of Wyomiag, 1919-23. inclusive. The record for farmers and for “sll other males” was obtained from the
abave-mentioned coal-mining counties, and-alzo from 3 agriculiural eountics of Wyoming, 1919.23,

portion of deathis from this cause compared
with “all other males” than in 1918, The
percentages in 1920 were 29 for the soft-
coal miners and 10 for “all other males.”
fn this epidemic the bituminous miners at
ages 40 to 60 suiiered heavy cxcess mor-
tality from influenza-pneumonia, but the
differential mortality was not quite so great
as at agzes 10 to 30.

Among hewers and getters of soft coal in
FEnglaud and Wales, the death rate from in-
fluenza and pncumonia, 1921-23, was about
12 per cent greater than among males of
comparable social status (social class 3). The
diffcrence was found to be 3.8 times the
probable ¢rror of the difference which is
certainly a significant variation.” Thus, an
abnormial mortality {rom influenza and
preumonia is censistently indicated among
miners of coal—hath anthracite and bitu-
minous—in Engiand as well ax in America.

The pneumonia mortality figures in 1921-
23 tor occupations in Great Britain exposed
to siiiccous and nonsiliccous dust compared
with those for the general population were
given by Collis’ as 134.3, 76.0, and 83.3, re-
spectively; similar  figures for influenza
were 47.1. 49.6. and 36.3, respectively. (See
Table 3.)

According to Brundage,' an outstanding
feature of the siatistics of death for hard-
coal miners in the United States is their
extraordinary mortality from influenza and
pnewmonia not only during influenza c¢pi-
demics but at «other tumes as well
study by the Public Health Service at
Wilkes-Barre, Pa., in 1915-23 and 1906-23
it was found that influenza and pneumonia
were responsible for 40 per cont of the total
deaths compared swith 23 per cent among
males at ages 153 to 63 who lad been cn-

In a~

waged in pursuits other than coal mining in
Wilkes-Barre and vicnity, The perceniage
of deaths from influenza and pneumonia for
these two groups by ages for the years
mentioned was 19.3 {or anthracite miners
compared with 13.3 for males in other in.
dustries. (Sce Table 6.) -

Tuberculosis

In 1925 Collis* said that for coal miners
generally the tubercuiosis rate apparently 151
low although miners at the coal face suffiét™}
from the discase more than other coal min-:
ers underground and workers above groni_i‘;d-’-
Results of more recent investigations seem,
to contradict the assumption that tuberct:”
losis does not accur among coal miners. Af™
investigation by the Welsh School of \ch
icine, reported in 1937° indicates that this- .
supposed  exemption of coal miners f:qm_
tuberculosis may be due to a mis- or partisl
diagnosis. This investization revealed 2 bigh
incidence of tubcreuiosis (35 per cent if
“nrobable” cases are included) among the
pneumoconiotics of the South Vales
ficlds and supports the theory that coal 'dust
modifies the tuberculosis, leading to _fa-‘[““
to recognize the disease or to the xmst:tkﬂv
diagnosis of “bronchitis.” '

Studies hy the United States PU:’L‘"
Health Service™ revealed that 6 per c;ﬂ )
hard-coal miners examined had

putmonary tubercuicsis. The average pr::,
alence in the adult male population © rcls'-.
Uriited States ‘is about 2 per cent. ,Thc p.'o,-g
alence . of pulmoriary tubercuiosis atj;elio:"
liard-coal mining empioyces at aBES T
33 was slightly less than that found throus,
studies among male adults in_the pow
population. Tn the age group 35 to 3+ poy
ever, the prevalence of tubereulosis
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te 5.—Mortality per 1,600 from Pneumonia and Influenza in Dusty Occupations
and in the General Population

=== |

Prneumonia

and for ages above 33 it was about 10 times
the rate found in the general population.
The highest prevalence of clinical pulmonary
‘tuberculosis occurred among the rock work-
'&s (men who had been employed in rock
“eading or rock extraction for more than 2
63 years). After 20 years' service, of
hich more than 2 or 3 years were in rock
work, 37 per cent presented evidence of
puimonary tubcrculosis. In a group af 135
completely disabled former anthracite work-
s, which did not include any known cases
of tuberculosis, 10 per cent proved positive
for pulmonary tuberculosis. These findings
vould appear to corroborate those of the
“Welsh National School of Medicine that -
dicate thar the supposed excmption from
lubt.rculosis of coal miners is erroncous due
10 incorrect diagnosis. There is evidence
that the above increased incidence of tu-

Comparative
Ages at {Jeath Mortality
Figure
{20- 3 33. 13- 55- 20-65
Occupations exposed to
Siliceous dusC. . ......... .. 3.3 14.4 30. 452 38.7 134.3
Nonsiliccous dust.......... cees 9.6 13.7 8.7 239 76.0
(ieneral population. ... .. +.3 1135 9.6 242 1 257 | 85.3
T
) B Influenza
ations exposed to
gcscxieous GUST. ...l .1 7 113 3.7 18.3 47.1
~Nonsiliceous dust.......... 5.4 4. 137 . 106 14.9 9.6
General population. ......... .0 3. LT el o120 365
R N _
=
hout twice, at ages 45 to 51 about 5 times, berculosis is associated with exposure to

silica dust.

The incidence of tuberculosis is much
higher 1n me1al mines than in coal mines,
duc no doubt to exposure to dust containing
a higher concentration of silica. An investi-
gation in 1914 by the Bureau of Mines in
coaperation with the Public Hcalth Service
of pulthonany disease among the zine miners
of the Jopiin, Mo., district, revealed a high
death rate from puimonary tuberculosis.
The mortality rate for tuberculosis for Jas-
per County waz 200.8 per 100,000 for 19t1
and 1912 and 229.7 for 1913, according to
statistics of he State Board of Health®
On the other iand, according to the Jasper
County Auntitzberculosis Society, Juring the
calendar year 1912 there were 720 deaths
among miner< who had worked 2 vears or
more underarzund in Jasper County. Not ail

T‘blﬁ §.—Percentage of Deaths from Influenza and Preumonia among Anthracite
Minecs and among Males in Occupations Other Than Mining in Wilkes-Barre
and Vicinity

p = —_——rr=
. ‘l Ages
i Groups Under | ; T <= | o=
Comparison i 1564 ] 15-24 | 2834 ) 3344 § 4534 1 5504
i } : i
i_\‘;:har_aczze mimers. . ... .. .. P39.8 1 452 ) 615 42.9 318 110l
10 other industries. . .. ... .. j 233 | 2T 0 462 1 310 16.3 13.3
1
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Tabie 7.—Mortality per 1,000 irom Pulmonary Tuberculosis in Dusty Occupationg
and in the General Population
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Tadie 8.—Pre-

Ages at Death

025 b3 boase |55 v

{)ccupations exposed to : i |
Siliceous dust. . ............... 236 1 634 '; 141.0 1§ 2116 130.6 592.2
- Nonsiliceous cust........... ... 13.0 | 263 +6.1 | 364 29.9 172.4
(reneral population. ........... .. X6 ; 37.6 $3.6 ! 39.0 2.7 163.5

of these 720 deaths occurred in that county
but they had contracted the discase there
and some of them had moved away, Of 93
miners in the Joplin District examined by
Lanza in 1914, 63 showed definite symp-
toms of pulmonary disease and 39 ol the &4
had the classical symptoms of pulmonary
tubercilosis,

In a study by the Bureau of Mines and
the Public Health Service” in Butte, Mout.,
during 1916 to 1920 the death records of the
State Board of Health were cxamined.
These showed that during 1915, 122, during
1916, 126, and during 1917, 169 Butte miners
died of tuberculosis. The significance of the
death from tuberculosis of 169 miners in
1917 is indicated by comparison with the rec-
ords of other regions. In 1917 approxi-
mately 14,000 men were emploved under-
zromud in Butte mines; with 1G9 deaths
from tuberculosis for the year, the rate per
100000 was 1,207. The tuberculosis death
sate of Michigan for the 10-ycar period
1910 to 1920 was 97.4 per 100,000; hence the
tuberculosis death rate of Butte miners was
nearly 13 times as great as that of Mich-
izan.

The part played by dust, especially dust
comtaining silica, in the production of pul-
monary tuberculosis is shown clearly by
figures for Great Britain for 1921-237 The
deatht rate per 1,000 for ages 20 to 63 was
3022 for those exposed to siliceous dust,
1724 for those exposed to nonsiliceous dust,

and 163.5 for the general population; for -

azes 33 to + the figures were 141.0, 46.1,
and 43.6, respectively: for ages 43-34 the
figures were 211.6, 36.4, and 39.0, respec-
tively; and for ages 53 and over the fgures
were 1306, 29.9, and 227, respectively. (Sec
Tahle 7.)

According to Collin® the prevalence of
bronchitis, pncumonia, and tuberculosis is

R
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high among those exposed to silica dust byt
the incidence of these diseases is not always
the same under other conditions such zs
exposure to other dusts, heat and fumes, or
working indaors. (See¢ Table 8)

Anthracosilicosis

From 1931 to 1937, 87 per cent of the
total deaths in Great Britain due to silicosis.
occurred among the coal miners of Soath’
\Wales; two-thirds of the deaths and dis-
case occurred in the Swansea Division; and
89 per cent of the medical certificates
wranted in the Swansea Division related to_
anthracite collieries.” ) : gt

In the United States the chronic disease
among miners due to breatling air-contatn-..
ing dust generated in the various prqccssts
involved in the mining and preparation ot
anthracite is called anthracosilicosis. This®
a descriptive title for the form of pneumo-
coniosis commonly called miners’ asthmd
The discase was found in about 23 per cont
of 2,711 employees of three anthracite min”
ing companies studied by the United Statet
Public Health Service in 1933. About
per cent of those having anthracosilicos*

b
{3m

—_—
Qutcoor and ind:
indeor mdustries
Coai tradle. .. . ..
Alcorol teade . . .
Heat and fumes.
Dust of
1. Aninal orig
2. Vegetable b
materials. .
3. Siliea

acker of instan
ton probably w
#ysical condition
ek workers, anc
dible exposure 1
pustries also s
geater physical ir:
nthe control grou
* Moderate or maz
fom 20y cause w:
e ceatrol group
tular miners, an
e rock workers.
Theze was a ma
ttase in the propc
Rirments with in
™IS of employn
Wersy is manif
:srs Gisability o
ich sulmonary i
« disadility due I:
cse the ocat
ap;d'»‘es accordi:
mnent as follk

showed evidence of disability, compared with ?) teuiar miners
less than 10 per cent in the control grouf ;b’,’wfe than 100 r
Moderate and marked degrees of disability ‘m 1ot of air; :
handicapped aproximately 21 per C‘"t,.& ¥S except rock w
those with anthracosilicosis CO'ﬂPafcf{. “'” The rzthology of
less than 2 per cent oi‘t_hg men serving ;’n"fd 1 these case
Fontroix, LT 77T o by of coal dust i
Wide differences were found in l]A“C‘:“ M:Ina “xtensive fil
tent of physical impairment in the %G {ay T with assoc
occupational groups. The highest e . ’-‘q}du;"," changes,
disability from aill causes ('°mbmc] angt i -~
found in the group of men that had chas® - A excess mor

3 o
more than 5 years before the date O
jativel¥ s 1

amination from very dusty to r¢ a .
dusty occupations in the industry.

j

g %3 25 2 whole
itsaf'i-coal min
<70 made by the




Mining Section

§.—Prevalence of Bronchitis, Pneumonia and Tuberculosis Under Certain
Conditions of Exposure

Exposure Bronchitis | Pneumonia { Tuberculosis
“"té‘oof andindoor life. . ....... ... ... ..., low low low
A orindustries. ... ol qui‘ Lq“i ;ugh
~§ € e e e e ig igh ow
fiﬁht;iatrade ................................ moderate high high
‘Fjleat and fomes. ....... s high high low
ps % of ..
ﬁ%,,;mai ongin.......... FEEPRRTIN seveens | low fow low
"'-'2' Vegetable husks and debris, certain inorganic .
SR '} ‘materials. . ... t.....:. high meclium low
ased to silica dngt by 3‘ SikHea. e e e high high high
diseases is not alwqyy - § %% -

c conditions such
5, heat and fumes, ¢
Table 8 ;

Simber of instances the change in occupa-
o probably was made on account of
n}ﬁ};ﬁical condition. Miners at the coal face,
ik workers, and men who had had appre-
le exposure to harmful dusts in other
dustries also showed evidence of much
Ireater physical impairment than was found
the deaths and dis 3§30 the control group.
Swansea Divisiof; 224 :§¥Mcderate or marked physical impairment
medical certificats .3 drom any cause was found in 1.7 per cent of
ca Division refated to §73hé control group, in 9.9 per cent of the
degular miners, and among 12.6 per cent of
#the rock workers,
"“There was a marked tendency toward in-
‘trease in the proportion having physical im-
Wirmenis with increase in the number of

stlicosis

7S
. 87 per cent o 'ﬂt‘i
Sritain due to silicosts ;
coal miners of -Soutd
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s the chronic disease
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‘he {orm ci pneume | Ymdency is manifested whether one con-
Ned miness asthma § Sders disability of any kind. disability in

in abou: 23 per ceet § ¥hich pulmonary infection was ceatributory,
; or disability due largely to tuberculosis. In
bemselves according to extent of physical
Mpainnent as follows: (1) Rock workers;
{9 reguiar miners: (3) all others exposed
o more than 100 million dust particles per
Woie foot of air; and (4) men in haulage-
My except rack workers.
!«e;l;}; Patholowy of :L_nthracos.ilicosés as ol{-
) 1n these cases is essentially a deposi-
on of coal dust in the lungs, zccompanied
an extensive nbrosis. both ¢ifuse and
ular, \ith associated functicnai and de-
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sely 20 per cent o
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The anthracite miners’ proportionate mortal-
ity from all respiratory diseases was about
1% times that of the other adult males in
the same region. When proportionate mor-
tality was computed for ages 16 to 65 in
Wales,* it was found that respiratory dis-
cases accounted for 53 per cent of the
deaths of anthracite miners compared with
38.2 per cent among males in the same social
class. The proportion among hewers and
getters of anthracite thereiore was 1.4 times
that of men of the same social status.

Silicosis

There are various definitions of silicosis
but all agree that the cause of the disease is
the inhalation of silica or quartz dust™
Silicosis is a well-recognized clinical and
pathological entity at least as characteristic
as that of any causc of death kmown to
epidemiologists.” The definition of silicosis,
adopted at the International Silicosis Con-
ference in 1930 and reaffirmed at the 1939
Conierence and generally accepted is:

“Silicosis is a pathological concition of
the lungs due to inhalation of silicon diox-

ide. It can be produced experimenzally in
animais.”

The first investigation of silicosiz in the
mining industry in the United S:zies was
made in 1914-13 hy the Federal.Bureau of
Mines in cooperation with the Unites States
Public Health Service in the Jopiin (Mo.)
mining district.” As only a2 few men were
examined at that time, it was facided to
examize a larger number to gain 2 more
aceuraie idea of the prevalence of =~asump-
tion amonge the miners o1 this diss From
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among iron miners. In an earlier study®
covering the years 1915-1926, there were 18
{imes as many deaths as expected among
‘rad and zinc miners.
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" An anaiysis by the field division of the
Saranac Laboratory™ of the roentgenograms
of 5,000 white miners exposed to the in-
palation of harmful concentration of silica
dust shows that the incidence of pulmonary
tbercuiosis lesions increases as the degree
of reaction to dust progresses. In this group
of miners tuberculous lesions were found
in approximately one-fourth of those with
first stage silicosis, one-half of those in the
_scond siage, and 65 per cent of those in the
fhird stage.™ '
{Prevention of Dust Diseases in Mining
23,

The data given in this paper point to dust
‘§s'the greatest contributor to the excessive

‘aaced in the wining industry and to silica
~dust as the immediate cause of the discase
glicosis. Therefore, the principal method of
preventing these diseases is to climinate as
far as possible or reduce to harmiess con-
tentraiicn the dust in the breathing zone of
the wo-kers. Experience has shown that the
properies of a dust that determine its ca-
naty 3 produce injurious cffects are its
©omposition, the quantity suspended iy the
Umasziere breathed by the worker, and its
Rarticle <ize.

Alttough any dust may be harmiul to
breath under certain conditions, as indi-
Gated by the data presented here that show
2 higher incidence of pulmonary diseases in
onsiliczous dusty industries than in the gen-
el Fipulation, piysiological studies reveal

L mining the harmfulzess of a dust is
:’éﬁ?ftzqnal to its content of free silica or
e 6{-6_&-'1 particies samall enough to enter
tnoué:i” spaces of the funzs, and in high

%2 concentration to overcome the nor-
TIeNes of the respirarory Systom.
\::* rrevention of dust Jiseases s the
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sportality from pulmonary discases experi-
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The first step is to determine what dusts
are hanuful and in what concentrations. The
procedure is somewhat as follows: It is ob-
served that respiratory diseases appear morc

- frequentiy or with greater scverity among

workers in certain industries or in connec-
tion with certain operations within an in-
dustry. The physician attempts to determine
the extent of the injury to the health of
those exposed and the cause. If the cause
appears to be exposure to excessive dust,
the engineer samples the air to determine
the kind. amount, and size of the dust pres-
ent. The physician and the engineer can
correlate the results of their investigations to
determine allowable concentrations of dust,
exposure to which is not likely to cause
harmiul physiological reactions. The en-
gincer is then in 3 position to devise meas-
ures for the reduction of the dust to a
harmless concentration. The aim, of course,
shoukl be ta eliminate the dust entircly or
to reduce the dust to 2 concentration that
will not cause disability during the working
lifetime,

Allowable Concentrations of Dust in
Mining

Tuvestigations conducted over a period of
years show that exposture to certain concen-
trations of harmful dusts for a certain time
causcs varving degrees of respiratory dis-
ability but that below these concentrations
disablinz pulmonary discases do not occur
within a warking lifetime. The classical ex-
ample of this is the experience in South
Africa with the reduction in mortality from
siticosi: that has followed the reduction in
air dusiness in the mines of that country.

The reduction in the incidence of silicosis
in the South African mines attests the ef-
fectiveness of the control measures em-
ploved and the practicability of using a defi-
nite duzt concentration as a guide in setting
allowzbic limits of air dustiness in the pre-
venticn of pneumoconiosis in dusty indus-
trics. T he production rate of silicosis in the
scheduied mines of South Africa™ in 1932-
33 was 0.39 per 1.000 compared with 21.95

i 1912-13. (See Table 10.)

The incidence rates for silicosis uncom-
phicatvd by active tuberculosis among South
African miners in 1936-1037 was between 3
and % -er 1000 per annum.® The lability
amony che whole body of miners to con-
tract e discase in 193637 was less by 63
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Table 10.-—~Average Number of Miners Examined Annually and Production Rate
for Silicosis in Each Triennial Period Since 1917-18
Average Production Average Production
) Number of Rate of Number of Rate of
Period Miners Silicosis Periad | Miners Silicosig
Examined per ¢ Examined per
Annually 1.000 i Annualiv 1,000 '
1917-20 14,070 2193 1026-29 . 14.624 nn
1920-23 13,260 19,10 1929-32 ¢ 16,774 13.37
1923.20 12,523 33.28 1032.33 20,139 9.59
T —

per cent than it was in 1920-23. Among the
“new Rand miners” who entered the indus-
try by way of initial examination since 1916
and who have been exposed solely to the
‘progressively improving occupation condi-
tions that have obtained since that date, the
Tiability to contract silicosis was less by §7
per cent than the simitar liability among all
minecrs working for an equal period in 1920-
23. These “new Rand miners” constituted
77 per cent of all working miners examined.
The group of pre-1916 miners, who in 1933-
36 constituted less than 17 per cent of the
total number of working miners contributed
nearly 78 per cent of the new cases of sili-
‘COSIs.

In the study by the Public Health Serv-
ice” of anthracosilicosis among hard coal
miners silicosis was not found in a control
aroup of mining employees whose dust ex-
posurc averaged less than 5 million particles
per cubic foot of air.,

The prevalence of anthracosilicosis among
the entire group of employces was found to
he about 23 per cent.

Among all except rock workers, less than
2 per cent of the men developed anthraco-
silicosis when the duration of emplovment
was less than 15 vears, regardless of the
amount of dust in the air.

Among men cxposed 15 to 24 years to
dust containing less than S per cent free
silica, 14 per cent of those who liad worked
where the average dust count was 100 to
199 nillion particles per cubic foot, 29 per

cent of those_exposed.to 20 to. 299 million.

particles, and 38 per cent of the men who
had worked for this period in more than
300 milliorn particles per cuhic foot, devel-
opeed anthracositicosis.,

“a zaie limit appeared to be 10 to !

Among men emploved for more than 5
vears in dust containing less than 3 per cey
tree silica, the proportion of persons foung
with anthracosilicosis under different cop.
centrations of dust was as follows: § to %
million particles, 7 per cent; 100 to 199 mil.
lion particles, S4 per cent: 200 to 299 miltion
particles, 71 per cent; 300 or more million
particles per cubic foot, 89 per cent.

With the exception of miners, their help-
ers, and rock workers, about 25 per cent of
all the men employed underground devel-
oped anthracosilicosis after a working peried -
of more than 25 years. This group was-ex-
posed to dust having a quartz content of
about 13 per cent. . S

i
LrR

The prevalence of anthracosilicosis among™

persons who had been exposed for more than -

2 or 3 years to dust of which about 35 per.
cent was free silica, varied from 10 per cent-
among those who had worked in concentra-
tions of less than 200 million particles per
cubic foot for less than 15 years, to 92 per
cent among those who had been employed
for more than 23 vears in dust concentra-
tions exceeding 300 million particles per
cubic foot, more than 2 or 3 years of which
time was spent in rock work. -

Age per se appeared to play a mitior role
in the development of anthracosilicosis.

Analysis of the data for the purpose o!
determining safe limits of dust exposure it
dicated that employment in an atmosp! 3::
containing less than 30 million dust 931',“.1)1 .
per cubic foot would produce a ﬂ?gl‘g"m
number of cases of anthracosilicosts “h:m
the quartz content of the dust was less:_n 2
5 per cent. In the gangways where the &

L
content of the dust was about 13 Pef ?&
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|

4

Ta‘a]c 11
ixed Dt

Pt

pEm—

Aw
(M

o
9
Number ¢
Number ¢
Percent w
10-24:
Number <
Number ¢
Percent w
13.49:
\umber ¢
Number ¢
Percent w
50 and over
Number ¢
Number o
Percent w

et .

particles per
eration for v
it5to 10 m
ar. Similar
- Public Heal:
preomoconic
workers, (&
“The relati
tration and ¢
tentage of v

1
|

Oniosis was
worked in
million par:
ir, 9 per
yars, 20 per
&5 years, an
those who w
tion of 25 o
- Peumoconio
pears, anc
those who H
Cntration of
er cent had
Per cent 13
The data o
trades, anthr
Mnuiactyre,
XN treated
Helded gimgl;

A, resglts,




‘uction Rate,

/==
Productign
Rate of
Silicosis
per
1,000
_ﬁ\
211
13.87
9.39

* more than %
than 5 per cmt
persons found
different con-
ollows: S to %
100 to 199 mi.
J to 299 millicn
»r more millien
er cent. __g_',';;,:'i
iners, their help-
1t 25 per cent of
‘erground devel-
a working period
IS group wasex-
lartz content of

asilicosis among
-d for more thas
ch about 35 ¢
rom 10 per e
-d in concentrd
»n particles B¢
vears, to 92 )¢
“been emplost?
dust concent
n particles P
3 )'eafs oi wh

'1) a minor ﬂ)k
qcosilicosts:

the purpos ¥
‘ust exposure
. an atmospRe® !
‘on dust pal'f’fﬁ
uce a nesh€l
cosilicosis Wi
3nt Was less B

Table 1
MixCd Dust,

Mining Section

1.—Pneumoconiosis Cases Occurring Among
Classified by Average Dust Concentration, Length of Employment.
and Number of Workers Exposed

4l

39

798 Workers Exposed to

e

(Million

Years in Industry

i

.16-24:

25-49:

"0 and over:

Average Dust Concentration
%’articles per Cubic Foot) 0-1.9 5-9.9 10-14.9 | 15-19.9 { 20 and
Over
9: .
Number of pneumoconiosis cases. ........ 0 0 0 0 0
Nﬁmber of workers exposed.............. 81 56 29 13 8 .
- Percent with pneumoconiosis.......... - 0% 0% 0% 0% 0¢;.
Number of pneumoconiosis cases. .. ... ves 0 0 0 2 4
: ngxber of workersexposed.............. 123 94 66 29 23
7 Percent with pneumoconiosis.......... - 0% 0% 0% 6.9 17.4¢;
- Number of pneumoconibsis cases......... 0 0 3 3 6
Number of workers exposed.............. 13 43 31 l.I . 18
i Percent with pnetmoconiosis............. 0%, 0% 971 27.3%] 33.3¢
. Number of pneumoconiosis cases. ........ 0 4 5 4 4
Number of workers exposed.............. 43 44 25 8 6
Percent with pneumoconiosis,............ 0% 9.19%] 2005 50.0%] 6679

?gf{icles per cubic foot. The limit of tol-
eration for rock workers was set tentatively
“4£'S to 10 million particles per cubic foot of
ar. Similar results were obtained by the
::Public Health Service in an investigation of
““preomoconiosis among mica amnd permatite
workers. (See Table 11.)
= The relation of the average dust concen-
tration and duration of exposure to the per-
tentage of workers found to have pneumo-
®niosis was as follows: Of those who had
worked in an average concentration of 30
million parricles of dust per cubic foot of
ar, 9 per cent had pneumoconiosis in 3
yars, 20 per cent in 10 years, 50 per cent in
15 years, and 66 per cent in 20 years. Of
-0se who worked in an average coucenira-
tion of 23 million particles 10 per cent had
Preumoconiosis in 10 years, 27 per cent in
Y pears, and 33 per cent in 20 vears, Of
%¢ who had worked in an average con-
fentration of 10 millien particies of dust, 7
" cent had pneumoconiosis in 13 years and
ber cent in 20 years. (See Fig. 1)

¢S, anthracite mining, asbestos textile

where ti¢ 5‘/.
out 13 pertr
0 o 15wt

2ufacture, and the pottery industry &
o treated in a similar fashion and have
similar, althouzh usually less rezu-

P Tuits. The pasition of the thred ald

The data obrained in other studi€s 8T d=sty

value below which no cases were found and
the magnitude of the trends between per cent
affected and both time and intensity of ex-
posure varies in diffcrent sets of data, de-
pending, to a large extent, on the chemical
nature of the dust to which workers were
exposed and possibly on the regularity of
cmployment.

It is tempting to seck to summarize the
data of table 12 and figure 1 into 2 simple
mathematical relation such as the follow-
ing: \With each twofold increase in average
dust concentration above 10 million particles
per cubic foot, the probability of finding
cases of silicosis (in men exposed for com-
narable lengths of time) is approximately
doubled. Application of the standard meth-
ods of curve fitting would yield more re-
fined descriptions of these data. Neverthe-
less, it does not scem to be advisable to set
up any mathematical treatment because, of
all the men who entered the industry, oniy
:he survivors lhave been studied. There is
no_adequate way of findine out whether or

“unt men who dropped out of the indasiry

were i a better or worse state of health 33
‘ar as silicosis is concerned than men who
remained in thie industry, and thus there iz
e wav of iAtroducing a correction for this
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Figure 1,—Relation of average dust conceatration and duration of dust exposure
to the percentage of workers found to have pneumoconiosis. Based on data pre.

sented in Table 11,

treatment. It scems to be preferable to pre-
sent the facts as simply as possible, to-
gether with the precauntions 0 be kept in
mind in studying them, and to emphasize
that the principal use of these data is to
show the degree of improvement in health
to be expceted in the future if dust forma-
tion and dust dispersal are brought under
control in these and in similar industries.

Methods of Dust Control

After the physician and engincer have
learned by observation and experimentation
what kinds of dust are harmful and in what
concentrations, it s the function of the en-
gineer to cvaluate the hazard in a particular
industry, plant, or mine and devise measures
for its elimination. The first step is to be-
come thoroughly familiar with the industry
being studied to determine the dusty occu-
pations, the number of persons in each, and
the various activitics and time devoted to
cach activity in any one occupation.™

The amount of harmiul dust created by
various activitics can be determined by tak-
ing samples of the atmosphere in their vicin-
ity and counting and Hlentiiying the dust
particles. Sampling of air is also a means of
checkilig thé™éMciency of any control meas-
ures that may be adopted.

Several devices are available for collect-
ing and counting dust samples. The im-

pinger, however, is the instrument used most
frequently in the United States. The Bureau
of Mines and the Public Health Service
have issucd publications
method of sampling dust by the impinger

(as well as by other methods) and pro-
identifying thc:.

cedures for counting as
particies.™ ®

Dust sampling is compiicated by the fact
that air dustiness fluctuates rapidly from
moment to moment. A sinzle dust count rep-
resents only the amount of dust in the at-
mosphere at the time ané place of sampling
and gives no indication oi the average ex-
posure of the worker over 2 period of years,
cspecially if he has not worked continuously
at one joh. The ultimaie lung injury that
he may suffer will deperd upon the inte-
grated effect of the dust over a long period.
A proper teasure of dust exposure re
quires a picture of the variations m dusti-
ness. The best procedure is to determint
the dustiness during different stages o1 “f’
operation and, with the aid of a time 3tue
break down the worker's day according to
the time spent in each step; from these dﬂl a
the average dust exposure of the worker ¢4n
be calculated.
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Face by First-Stage Silicotics

Average | Number
Job Number of
of Years| M\en

Average|Number

_Shovelers’ helpers (bruno

men)..o-cennnn e 6.8 8
Shovelers. .. ...... e 8.4 4%8
Drillers’ helpers (dummies) 3.4 79
Trackmen............o.. 9.8 52
Roof trimmers........... 11.3 26

Job Number| of

of Years| Men
Machinemen (drillers).. .} 11.4 348
Powdermen............ 11.5 24
; Shovel bosses........... 15.8 21
19.0 54

| Ground bosses..........

than had been suspected, the difference con-
sisting entirely of dust too fine to be de-
tected by the older methods. The importance

“of control of drilling dust as a measure of

.the prevention of silicosis is demonstrated

by the fact that the incidence of sjlicpsis has

% semained  consistently and considerabiy

whigher among machine drillers than among

%:those who have never worked machines, and

I“the excess incidence among machine drillers

: has been in direct proportion to the amount

-of time spent upon rock drilling.

" Until relatively recently drilling of holes
for biasting was a negligible producer of
dust or ajr dustiness in coal mines especially
other than anthracite mincs. The hand-

1 operated auger drill produces very little fine
dust, but with the extension of mechanized
mining power drills are becoming more and
more ¢szential and some of them are heavy
producers of finely divided dust: this i~
&peciaily true of reciprocating drills of the
Jackhammer type drilling dry and using
compressed air in the clearing of holes cither
In coal or in roof or floor material.
Blasting.—The exceptionally heavy inci-

nce of silicosiz among rock drill miners in
the early period of the zold-mining industry

W South Africa®™ was due to the exposure
of the rock-drill miner not only to drilling
dust Lur to high concentrations of dust from
lasting, and frequently to the inhalation of
Varying amounts of the irritant fumes pro-
uced hy blasting, owing to the methods of

Yagingithen inewse: «Blassing peoduces large
Quantities of very fine dust, the finest frac-
Yans of which tend to remain suspended in
e mine air for a long time, untess remove!

11011

[ S

i or Muckinag—=Iin the Picher.
wdy it was didftenle to show the
dvip of the duries af the men 1o

silicosis because of frequent change of oc-
cupation. All examined were divided into
two groups—those exposed to large amounts
of dust (those employed at the face) and
those exposed to relatively small amounts
(those away from the face). In the order of
exposure to the dust hazard, the men at the
face included showvelers’ helpers, shovelers,
drilt helpers, machinemen, trackmen, roof
trimmers, powdermen, shovel bosses, and
ground hosses. According to analysis of the
occupations of face workers the hazard was
greater for shovelers' helpers and shovelers
than for machinemen if length of time re-
quired to produce first-stage silicosis ig a
criterion. Tt is noted from table I3 that the
average number of years worked by shovel-
ers' helpers and shovelers was 6.8 and 8.4
years, respectively, while that for machine-
men was 11.4 yvears.

Loading and [faufing.—Under some con-
ditions hand loading of coal throws into the
air of the working place considerable quan-
tities of dust, but the amount is about onc-
tenth that caused by some types of mechan-
ical toading. The greatly increased occur-
rence of dust from mechanical loading is
due not only to the stirring of the dust into
the air by the loading machines themselves
but also to the greater rapidity of breaking
down and taking coal from the face regions
which increases other dust-producing proc-
cseex, cspecially blasting, cutting, and haul-

ing,”

Poorly constructed or poorly maintained
pit cars or over-topping of coal in cars al-
laws fall o or fine material to sift through
to the tracks to be ground under the wheels
of rolling equipment or the hoais of mules
and then :o be thrown into the air by <peed-
2 cars or shusiliny mules or men™
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Where conveyors {cither the shaker or
belt type) are used they form: potential
sources of dust clouds at the poiuts where
the coal is dropped or thrown which occurs
at the discharge ends only. Also, where
conveyors are used conditions at the face
differ from those experienced with the
older methods of working in that the miners
are closer together, there is a tendency with
the more systematic working for a larger
number of the men to perform dust-raising
operations at the same time, and the air
speed at the faces is higher® These condi-
tions, if not controlled, tend to increase the
dust exposure to the face workers.

Machine coal cntting—When coal-cutting
machines came iato the picture early in the
present century to supersede in large part
both hand cutting and blasting off the solid,
the really heavy producer of coal dust that
the worker has had to endure was at hand,
and this was especially true of the chain
machines operated by electricity. Top cut-
ting is the worst offender in so far as im-
pregnating the air with dust is concerned,
shearing occupies an intermediate position,
and undercutting is the least offensive in
this respect. However, undercutting ma-
chines under some conditions (such as cut-
ting dry in friable coal with dull bitc in a
confined place with little or no circulating
air) may produce air dustiness so dense as
to reduce visibility almost to zero with
available types of mine lighting and to cause
between 100,000,000 and 500,000,000 (or even

more) dust particles to be carried per cubic

foot of air of the face region.®
Methods of Control

The principal measures ifor controlling
dust in mining operations are ventilation,
wet methods, proper blasting practice, the
use of personal respiratory protection, and
physical examination.

Ventilation.—The more or less generally
accepted conclusion that coal miners suffer
less from miners’ consumption than mctal
miners, who either die early in life or are
incapacitated in middle age, is due almost
entirely to the superior working conditions
in coal mines as a result chiefly of ventila-
tion,

Approximately in order of their impor-
fextuces that affect air in
metal mines are (1} movement, (2} tempera-
ture, (3) relative humidity, (1) gases, and

12 29th Nutionai Sufety Congress

{3) dusts. n coal mines the order of in-
portance woulid probably be (1) moveme,;z
(2) gases, (3) dusts, (4) relative humidiy,
and (3) temperature.™ o

The matter of movement 0f air from yp,
surface, through the working faces o,
places, and then back to the suriace is by 5
means the most important consideration i,
effecting adequate ventilation of mines ang
in protecting the health and iorwarding anq
maintaining the working efficiency of the
underground workers. If adequate quantities
of pure air are directed to the places where
men work, most of the requirements of
health and many of the demands of safery
wiil be well served ® !

Ventilation probably is the most effective
dust-control measure although under some
conditions it ranks second to wet methods,
\Vhere ventilation can be applied effectively,
dust can be removed from the air or its con-
centration can be so diluted as to render it
almost harmless.™

Vet methods—As dry drilling is the
dustiest operation in mining, wet drilling will
keep air dustiness within safe limits if used
with care and judgment in collaring wet,
using plenty of clean, dirt-free water, and
keeping the drills in good repair with ade-
quate reguiation of the proportion of water
and compressed air flowing through the drill _
steel.™ R

In tests by the Burcau of Mines® the dust™¥
concentration in the air during actual drifl- -
ing decreased as the water flow through the
drill increased. The water flows for stopers
swas 0 to 3 gallons per minute, and that for
drifters from 0 to 1.02 galions per minute
The ratc of decrcase for stoper drills was
greater for water flows from 0 to 1.3 gair
lons per minute than for higher water flows.
The rate of decrease for drifter drills was
similar to that for stoper drills at cof
responding water flows and rather constamt
for water flows" of 0 to 1.02 galisms per
minute,

The results of this study shows tha
water flow through the drills was increas
the dust concentrations in the air decreds
but they do not show whether the decreas
was caused directly by the increased \\'3!°f
flow, by some condition influenced by varid
tion in water flow, or by a combination ©
these factors,
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arily some oi the high-pressure air sup-

! : ‘
3 (o the drill for its operation escapes
o

the back end of the drill steel, even
pes the operating throttle is not in the
EHowing position, and travels up to the face
%f the hole being drilled. The amount of air
caping is affected by the water flow
Yihrough the drill steel; as the water flow
irough the drill steel increases the air flow
decreases. Mining officials in South Africa
cluded that such air leakage, although
“jrobably {facilitating removal by the water
“of the cuttings from the hole, was respon-
’sble for entrapping fine dust and blowing
4t ‘into the air during drilling.” Conse-
“gquently they have devoted much attention to
“designing drills that permit the minimum
“practical air leakage through the drill steel
and have established regulations on the use
‘of such drills. Canada is also doing much
‘work along this line, and recent reports
“state that such drills are practical and pro-
-duce about one-fourth the dust concentra-
tion of corresponding drills without the
"ustless-head” features.™

. The results of this study show that op-
“wators can reduce dust concentrations re-
saling from drilling by increasinz the
-sater flow through the drill steel, either by
mcreasing water pressure or by the use of
¥ater tubes of larger inside diameter.

Tests also have been conducted by the
Bureau of Mines™ on the effectiveness of
fpraving water along the outside of the drill
steel compared with that of standard wet-
drilling practice. The tests show that spray-
mg water along the outside of the drill steel
‘bould not take the place of regular wet
dlling. However, if a method is developed

l" which the device may be used on holes

1 2t any inclination, it might prove to be a

Yaluable accessory to regular wet driliing in
{laring and drilling the first 2 feet of a
f’f?*- Tests chow tiat the greatest amount
‘ dui} is thrown into the air of a working
Y2 in drilling the figst 2.feet of a hele®
. Wetliiling standards have been adopted
Sovew York State for drilling in various
(3%%s of rock. The requirements for drill-
2 m Class 11 rock (rock containing more

4
!
!

T3 10 per cent free silica) in coufined
2% which include the use of meckanical
Tlation, are quoted below™

Lo“\n, s e .
tag “?f drilling shall mean the conrinu-
* anplication of water thraugh the central

Mining Scction

hole in the hollow drill steel to the bortom
of the drill hole The central hole in the
steel shall not be less than vk diameter.

2. “The water flow shall be maintained

continuously whenever the drill is in opera-

tion, including the period of coilaring or

starting the drill hole, The valve in the

water line shall be of such design that it has.

only two fixed positions, namely, closed and
completely open. Six months after date of
approval, all wet drills shall be equipped
with a combination air throttle and water
valve of such design that the required rare
of water flow through the drill steel will be
insured whenever the 2ir throttle is in the
operating positions, half speed as well as
full speed.

3. “The water shall be clean and bacteria.
free and shall be delivered to the drills under
pressure from an adequate source of supply.
Portable water tanks for individual drills
shall not be used unless approved by the In-
dustrial Commissioner,

“Wet drilling in Class II rock in confined
areas shall be used with mechanical ventila-
tion, or in confined areas under decking by
natural ventilation, if approved by the Indus-
trial Commissioner and subject to the fol-
lowing provisions:

1. “The rock surfaces for a distance of
30 feet from the heading or other driiling
area shall be maintained in a damp condi-
tion.

2. “Hand-held drills (maximum pision
bore, 37) minimum rate of water Zow
through drill steel, 0.75 gallon per minute:
maximum rate of air flow through drill
steel at full speed, 2.0 cubic feet per mmin-
ute; maximum rate of air flow through
drill steel at hali-speed operation, 1.0 cubic
foot per minute; minimum rate of general
ventilation in the drilling area, 300 cubic
feet per minute per drill and ¢hall be in-
creased if found upon tests by the Indusisi
Commissioner that the dust concentration is
not in accordance with the requiremenss of

the Code.

-

3. “Drifter-mounted and wagon-mourted
drilis (maximum piston bore, 4”) minimum
rate of general ventilation per drill in ik
drilling area, as shown in the table 'L
tions in Air and Water Flow Threush
Sreel.! :

4. “In the case of positive-pressure vesn-
tilation. the air must be well distributed
over the drilling and must not ereate i
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at the various drilling positions, in a man-
ner satisfactory to the Industrial Commis-
sioner. The intake for the ventilating sys-
tem must be located at a point free from
contamination with dust or provided with an
eticient fiiter.

3. “In the case ot exhaust ventilation, the
location of the intake pipe or pipes must be
such as to insure the removal of air from
the entire drilling area in a manner satis-
factory to the Industrial Commissioner.

6. “The required ventilation may be ob-
tained by means of a recirculating air-clean-
ing apparatus provided the dust concentra-
tion in the air at the breathing zone of the
drill operators is maintained at a level below
that required in Rule 33-2.3 and the appa-
ratus is otherwise acceptable to the Indus-
trial Commissioner.

7. “The above rates of wventilation shall
be increased whenever necessary to reduce
dust concentration to the amount permitted
by Rule 33-2.3.

Proper blasting  practice—~Methods of
controlling dust and fumes in mines by
proper blasting practice have been deter-
mined by members of the Bureau of Mines
staff by observation and experiment.™ *® If
at all feasible, blasting should be done at the
end of the working shift or on an off shift,
and the dust- and gas-laden air should be
removed or thoroughly diluted before the
men return to work. Ventilation is an es-
sential agency in cleansing the air where
blasting has heen done. Results of investi-
gations by the Dureau of Mines® show
settling rate of dust after blasting under the
following conditions:

1. The atmosphere was bratticed off for
3 hours while the dust samples were being
taken. In this period, under these conditions,
the dust concentration dropped from ap-
proximately 3,000 millton particles per cubic
foot to 30 million particles per cubic foot.

2. The atmosphere was bratticed off until

26 minutes after biasting when the Drattice
was raised and natural ventlation (which
was virtually negligible except for eddy
currents was allowed to dilute the dust-
laden air. It required 2 hours and 20 min-
utes after blasting for the dust concentra-
tion to drop from approximatefy 5,000 mil-
lion particles per cubic foot to 30 million
particles per cubic foot, and 2 hours and 50
minutes to drop to 15 million particles per
cubic foot.

29th National Safety Congress

3. The atmosphere was bratticed off unti]
37 wminutes aiter blasting, when the bratice
was raised and 10-inch canvas tubing jn.
stalled to about 30 feet from the face A,
46 minutes after blasting, about 1,000 cubj.
feet of air per minute was forced inig the
face. It required 66 minutes after blasting
for the dust concentration to drop to 3§
million particles per cubic foot, and 70 min.
utes to drop to 13 million particles per cubie
foot.

The accompanying table shows the time,
in minutes, required for the dust concentra.
tion to drop from 823 million particles per
cubic foot to 50 million and to 15 million
particles per cubic foot under the three dif.
ferent conditions:

Time, in minutes, to
drop from 823,000,000

Ventilating particles per cubic foot

Condition to—
No ventilation.... ... 121 181
Natural ventilation.. . 105 135
Mechanical ventilation 20 24

In addition, the place (walls, floor, roof
or top, and timbers) should be wetted
thoroughly before blasting is done, and 2
water biast should be used during and after

the blasting. The region should be wetted R

thoroughly when te men retur to the fa.cc
region after blasting, and the muck pile
should be kept well wetted at ail tiies
while it is loaded out, as the water not only
lavs the dust but also either absorbs of -
otherwise aids in diluting or elimir}atmg
harmful or poisonous gases that follaw
blasting and that usualiy cling to the bI_ast _
material.

Tests™ on the efectiveness of a spray of
water mist in reducing the congentration ©
dust in the air after blasting and duﬂnif
mucking of the biasted material were :15?0
ducted in three headings in medivm ha dy
hard rock. The use of the spray apparemy .
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the amount present when the spray was ing
used. Dust dissemination during m%gfo&t'
of material sprayed several hours
mucking was bezun was muc less

during shoveling of material ;)

sprinkled just before and during my Ex 4

and, of course, the dust present afte?

" HRET e
cither the spray or the sprinkling m

to.the 3. -

thorou§m-':- B




fic‘* than it the mucking had been done
far ¢

tosted material, the more heavily the air
wl be impregnated with dust and smoke,
snd the greater will be the quantity of
eisonous gases left at the place: lhence,
. gethods should be used that will tend to
seduce the quantity of explosives used and
of gases and dust produced. In this con-
o opection e will be found that the use of
o § qemming or of some types of blasting p}ugs
sow available will confine more deﬁr}ltely
the cxplosive. fence, increase its efficiency
_and reduce the quantity of explosive. used
and also reduce the amount of poisonqus
s produced and possibly reduce the vio-
jence of the biast and iis tendency to raise
dust and disseminate it into the surrounding
sir. It would be well for users of explosives
1o investigate types of explosives that are
fmown to give off mimimum quantitics of
larmful gases on detonation and to use
‘them ; also. the disconiinuance of the use of
fuse and the substitution of electric blasting
%{ ¥ would aid in reducing the amount of poison-
ted § gus gases from hlasting. Explosives that
td 2 bave been held in storage too long or that
anter | fave been stored under unfavorable condi-
"'f“d tions A4s 1o moisture, temperagure. ete., are
1ace | By to give off maximum cuantities of
pile  tarmiul gases, if they detenate at all;
umes 4 Yence. utmost care thould be tken in ‘the
oniy 1'storing of explosives to see that they are
©or 4 mt held ton tong before heine used.

i ction. — This
wis i3 unsat-
except tor

Personal  respiracor  pro:
method of control of air du
sactory in underground mi
femporary  use in ¢meryen Although
dust respirators give adeguaze protection
3ainst dust, they afford the wearer essen-
tally no prorection against tox:c or asphyx-
Rlng gases. and are too cumbersome and
ocomforiahie for constant wear.

-

The Bureau of Mines ia: estabiished a
hedule o/ minimun  reouirements  for
Zechanical respirators. one tyze of which is
_“' Protection against dust generated by dis-
“egration as in drilling 2nd  blasting.
Bour 30 respiraters have “ezn approved
2 this <ciedule,
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In general, the larger the quantity ot ex-
ve used, the more finely divided the

cegh_strietly

ployed to reduce the dust hazard. If work-
ers exposed to dust are examined period-
ically increased incidence- of respiratory
discase can be discovered and mnrweasures
taken to reduce the amount of dust in the
air or remove any affected workers to a less
hazardous environment.

- In South Africa all white applicants for
underground work are examined and certi-
fied to be physically fit and free of any dis-
case of the respiratory organs and then re-
cxamined every 6 months to determine and
report all cases of simple silicosis, tubercu-
losis with silicosis, and stmple tuberculosis
that may have developed. In this way com-
parable records can be obtained for measur-
ing the degree of prgumoconiosis and the
extent of impairment of working capacity
among employees from vear to vear. Com-
parable records will not be oitained unless
periodic examinations are conducted in a
standardized way, preferably by 2 permanent
medical board composed oi pinsicians spe-
cially trained and having adequate experi-
ence in the diagnosis of pulmonary discases,

Summary

1. The principal pulmonary discases to
which the miner is subject are bronchitis,
influenza and pneumonia, pulmonary tuber-
culosis, anthracosilicosis, and silicosis.

2. Statisties indicate that much higher
morbidity and death rates from pnlmonary
diseases arc experienced in dusty than in
nondusty industries, especializ where silica
dust is used or produced.

3. Investigations by the Public Health
Service reveal that hard-coal miners suffer
a high mortality rate from influenza and
pneumonia not ounly during influenza epi-
demics but at other times as well. In 1913
25 and 1906-25 influenza aad preumoria
were responsible for 40 per cent of the total
deaths among hard-coal miners compared
with 23 per cent among maies at ages 13 to
0> who were engaged in pur:uits other than
coal mining. Six per cert of hard-coal
miners had pulmomary tuberculosiz com-
sared with 2 per cent in the aduic male
~opulation of the United S:ates. The rate
Sor metal miners is sgll hieber,

4. Anthracosilicosis was Ieound in about
23 per cent of 2711 emplovees -of three
anthracite mining companie: <tudied by the
Unired States Pohlic Health Service in 1933,
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About 63 per cent of those having anthra-
cosiiicosis showed evidence of disability,
compared with less than 10 per cent in the
control group. Moderate and marked de-
grees of disability handicapped approxi-
mately 21 per cent of those with anthraco-
silicosis compared with less than 2 per cent
of the men serving as controls.

5. The occupational groups in anthracite
mining, arrayed by the Public Health Serv-
ice according to extent of physical impair-
ment, are (1) rock workers, (2) regular
miners, (3) all others exposed to more than
100 million dust particles per cubic foot of
air, and (4) men in haulageways except
rock workers.

6. The principal pulmonary disease in
metal mines is silicosis and the chief menace
in silicosis is tubercle infection. Apparently
sitica dust alone increases the liability to
pulmonary tuberculosis.

Joint studies made by the Actuarial So-
ciety of America and the Association of Life
Insurance Medical Directors® revealed that
there were 65 deaths where 6 were expected
(about 1! times the expected number) from
wherealosis in 1925-1936 among 2 group oi
underground miners, most of whom were
employed in metal mines, Tuberculosis
deaths were fourteen times the expected
among copper iminers, tine times the ex-
pected amnong gold and silver miners, and
cight and a half times the expected among
iron miners. In an earlier study™ covering
the years 1915-1926, there were 18 times as
many deaths as expected among lead and
Zi¢ miners.

7. As dust is the greatest contributor to
the excessive mortality 4romt pulmonary
discases in the mining industry, the prin-
cipal method of preventing these diseases is

10 climinate as far as possible or reduce to-

hartnless concentrations the dust in the

Lreathing zone of the worker.

8. The aim should be to eliminate the dust
cntirely from the air breathed. \Where this
is not always feasible it may be possible to
reduce the dust to a concentration that will
not cause disability during a working life-
time.

9. Apalysis of data collected by the Pub-
lic Health Service to determine safe limits
ot dust exposure indicate that employment
in an atmosphere containing less than 350
million dust particles per cubic foot pro-
duces a negligible number of cases of sili-

29th National Sarety Congress

“less than 5 per cent; when the silica ¢,

cosis when the quartz content of the duy "

tent is about 13 per cent 10 to 13 ik,
particles appears to be a safe limit.

10. The amount of harmiul dust ceeuee
by various activities in mining can be g,.
termined by sampling the atmosphere ;.
their vicinity and counting and identifyip,
the dust particles. Sampling of air is alsg,
means of checking the efficiency o1 dust con.
trol measures.

11. The impinger is the dust-sampling i.
strument used most frequently in the Uniged
States.

12. The dustiest operations in mining are
dry drilling, blasting of dry rock or ore,
shoveling or mucking, loading and haulage,
and machine coal cutting.

13, The principal measures for controlling
the il effects of dust in mining operation.
are ventilation, wet methods, proper blas.

ing practice, the use of personal respiratory
protection, and physical cxamination o
workers.

14. The crficiency of these measures in the
reduction of the incidence of dust diseases
is attested by the experience in the mines of
South Africa where among the whole bods
of miners the liability to contract siticosis i
1936-37 was less by 65 per cent than it was
in 1920-33. Among the “new Rand 1'ni’ngr.s_
who e¢ntered the industry by way of
examination since 1916 and who ha_\'e beee
exposed solely to the progressively improv:
ing occupational conditions that have obr
tained since that date, the hability to con’

tract silicosis was less by 87 per «<cat thas,
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the similar lability among all miners work-
ing for an equal period in 1920;3& Thcﬂ:
“new Rand miners” constituted 77 per ¢%
of all working miners examined.

Conclusion

. cr ream peb
The mortality and morbidity 1ro™ .
monary diseases are cxcesswcfm-tl.c f N
industry as a result of exposure 10

b . here
amounts of dust in the air breathed: Ecn“
fore, control of the dust hazard if l'cce;;c:v

to prevent these discases. No single 1}'- -
of control is applicable to all dusty 09:33_‘
tions and processes, therefore. all the !::mrf
of prevention must be practiced 10 ¥
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T ted
S

iteau of 3!
3 Robert-
2 Nome Re
*i2ase: Col
6292,

K. Lanza,
*osis: Oxy
B. Coliis,
Tlies of
. Induse.
&.?ikin-

s S

Seary Dise
l?‘ Missou
4

»
z

}

g
::4.'1‘
i_"’sn!gcr‘
¢ United
.




._,4,
etz
e

Tin
mied

3 an
T OR.
‘ulage,

~oMing
“atipp:

blas:.
‘ratory

on ¢ -

< inthe
liseanes
sines of
sle bedy
icosts i
it was
tniniess”
of init
we ke
Impnn:
ave o
10 0
A tas
L weE
Thev

per

o

REFERENCES

Collis. L-Edgaf L. Occupationat Dust Dis.
\i:, gull. Hysiene, vol. 6, 1931, pn. 663-670,
¥ Collis. The General and Occupational Preva.
S Bronchitis, and Its Relation to Other
e atory 1liscases: Jour. Indust. Hygiene, vol.
SR, pp. 263:276.
;' .('olliS- The Mortality Experience of an Oc.
: ;‘u'ona‘ Group Exposed to Silica Dust, Com.
-‘«:d with that of the General ngula;\xon é-md
Ocey rional Group Exposed to Dust Not Con.
% 15,

= jox Silica: Jour. Indusi. Hygiene, vol
913, . 395417
‘4. Brundage. Dean K. Mortality of Coal Miners:

'icﬁl'd States Public Healkth Bull. 210, 1933, 17 pp.

.3 Office ol Tnduserial Hygiene and Sanitation.
T Health of Workers in Dusty Trades. Il
Espoiure tO Dust in Cozl Mining: United States
Public Health Buii. 208, 1933, p. 10.

24 Sayers, R. R., Meriwether, F. V,, Lanza, A
1 and Adams, W. W. Silicosis and Tubercufosis
wong Miners of the Tri-State District of Okla-
T s Kansas and Missouri—-I, for the Year Ended
30, 1928: Bureau of Mines Tech. Paper 543,

W33, 30 o

7. Dublin, Lowis 1. The Mortality of Bituminous
Coal Niners from Influenza.Pneumonia, October
w December, 1918: Jour. Indust. Hygiene, vol.
1, 1919:20- p. 483,
K Collis, Edgar L. The Coal Miner:
Heth, Diseases, and Generat Welfare:
fodust. Hygicne, vol. 7, 1925, pp. 221-243.
.4 Sen. Prafulla Kumar. Pneumoconiosis in
Sct Wales Coal Miners and Its Relation to
culosis: Jour. Indust. Hygiene, vol. 19, 1937,

His
Jour.

<10 Office of Industrial Hypivne and Sanitation,
Adtdraco-Siiicosin  Among  Hard Coal  Miners:
Ceited States Public Health Bull. 221, 1933, 114
"
J N tanza. AL )., and Hivgins, Edwin.  Pul-
gemary  Discase Among  Miners in the Joplin
Matner, Missouri and Its Relation to Rock Dust
2 e Mines: Bureau of Mines Tech. Paper 103,
113, 43 pp.

12 Harrinwton, D., and Lanza. A. J. Miners'
Cozeznption in the Mines of Buite, Montana:
Bareau of Mines Tech, Paper 260, 1921, 19 pp.
W Roberts, John. Silicosis: A Review is Given
o S:me Recent Researcites on the Cause of the

Psec: Colliery Guardian, vol. 147, 1938, pp.
22,
W Lanza. A, ). (Editer), Silivesis and A:.

¢ Oxford University Press, 1938, 439 pp.
5 Collis, Edear L. ° The Statistical Charac-
TRl of Dust Phthisis (Pulmonary Silicosisi:
‘%= Induet. Hygiene, vol, &, 1926, pp. 457363,
' Hievins, E.. Lanza. A. J.. Laney, F. B., and
&bk S0 Siliceous Dust in Reladian to Pul
TThaty Dicease Amone Miners in the Joplin Dis-
~ Miscouri: Bureau of Mimes Bull 132, 1917,

™

o Lanza, A 7. and Childs. Samuel B. I

< Conyumpuon: A Swudy of the Disease
PR Zinc Miners in Southwestern Missouri,
l e NtZen.Ray Findings in Miners’ Consumy.

fited States Public Health Bull. 83, 1917,
DI R Rl eb T o 0

AMining Section

18, Menwether, F. V., Sayers. K. R., and
lanzk, A. J. Silicosis and Tuberculosiz Amony
Miners of the Tri-State District of Oklahoma,
Kansas, and Missouri. 1I. For the Year Ended
June 30, 1929: Bureau of Mines Tech. Paper 552,
1933, 28 pp.

19. Kettle, E. H. Experimental Silicosis: Jour,
fndust, Hypiene, vol. 8, 1926, p. 491,

20. lanza, A. )., and Vane, R. J. Industrial
Dusts and the Mortality from Pulmonary Dis-
ease: Am, Rey, Tubere,, vol. 39, 1939, pp. 419-436.

21. Cummings, Donald E., Downs, Robert N.,
and Berg, Melvin., Tuberculous Lesions in Male
Industnal Workers: Am. Rev. Tuberc., vol. 39,
1939, pp. 439-435.

22 Union of South Africa. Report Upon the
Work of the Miners' Phthisis Medical Bureau
for the Tlrec Years Ended 3lst July, 1933: Pub.
lished by the Government Printer, Pretoria, S. A..
1936. 76 pyp.

23, The South African Mining and Encineering
Journal. The Incidence of Silicosis: A statisticat
Examination of the Position—Progressive and
Noteworthy Reduction®-Miaing Induscry’s [Iaitia-
tive in Investigating the Dust Problem: Vol 19,
1938, . 717

24, Bloompeld, J. J., and DallaValle, J. M. The
Determination and Control of Industrial Dust:
United States Public Health Bull, 217, 1913, 167
I)I). .

25, Brown, Carlton E.. and Schrenk, H. I, A
Tecknique for Use of the Impinger Method: Bu.
reau of Mines Inf. Cive. 7026, 1938, 20 pp.

Schrenk. H. H., and Feicht, Florence L. Bu.
reau of Mines Midget Impinger: Bureau of Mines
inf. Circ, 7076, 1939, 7 pp.

Fouter. Wilder D., and Schrenk, H. H. Petro-
wraphic Indentification of Atmospheric Dust Par.
ticles: Bureau of Mines Rept. of Investications
336G, 1038, 10 pp.

26, Deinker, Philip, and Hatch, Theodore: fn-
dustriai Dust, 1936, 316 pp.

27, South African Mining and Engineering Jour-
nal. Miners' Phnkisis and Working Conditions:
Vol. 44, 1938, pp. 521-523.

A.M.E. Journal. Future of the Miners’
s Prollem: Vol. 49, 1938, p. 13.

29, Harrincton, D. Formation, Colfection, and
Treaurent of Coal Dust in Mines: Bureau of
Mines Ini. Cire. 7089, 1939, 11 pp.

30, Dazvies. A. L. Airborne Coal Dust: Abate-
ment ¢ Nuisance in Intensive Convevor Min-
ine: Coll. Guard., vol. 133, 1936, pp. 733.738.

31. Harrington, D. Mine Ventilation:
of Mires Ini. Cire, 7047, 1239, 16 pp.

12, Brown. Carlton E., and Schrenk, I, I
Relation of Dust Dissemination to Water Flow
Throuea Rock Drills: Bureau of Mines Rept.
of Invesnications 3393, 1938, 6 pp.

33. Jomnson, John AL and Agnew. Wing G,
jlust  Produced by Drilling When Water s
Spraved on the Queside of the Drill Steel: Bureau
of Mines Kept. of Investigations 3478, 1939, 6 .

3:, Izdustrisl Builetin, Standards for the Tust-
ing of “Wee” Drilling Equipment and “\Wet Muth-
eds of Jyust Control: New York State Dept. of
Lalor. vol. 17. 1938, pp. 63-64.

Bureau




¢ G,

Agnew. Win
in Metal
Mines«

7 p.

ming

m
ureau of
ki

Ste
B
1940

(AR}
son, John
McHenry.

nort 1@

3309,

ty Congr
36, john
Mosier.
Re
sannnd
ENT

fe
ME

fProgress
r
b

H. I
Spray of
Tnvest!

Rept. of Investiva:

ADIOUR

¥ a

chrenk,

g

9th National Sa
ag b

?
and
Mines

\Water Mi<t: Bureau of

.\
£
2

L

=]
=3
g
]

.'l

i

riton E..

3. Brown.
Control of Dust

tions 3388, 1938, 13 pp.

- ——

By P L e TR L 1 ot
S ekt it bl ST T T T T T T TR

.. ’J%!).I:.).i\i!..:io...

- —

AT
XD




