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of prompt and cuntinuous delivery of essen-
tial weapons of deiense we must not only
trair new workers and retrain older work-

29th National Sarciy Congress

ers, but we must restramn accidents, Which
iritter away our supply of skilled 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 Stanéards, Wasaington, D. C,

I have been asked to make-a bricf sum-
mary of our present-day knowledge with re.
gard to dangerous degrees of air pollution
from gases, vapors, dusts and fumes, and
the data which hiave been secured so far as
to the maximum allowable concentration
witich can be assumed to be within safe lim-
its, below the danger point. A few of the
dangerous dusts and vapors have been stud-
iwed intensively enough to afford us fairly full
data on which to establish such standards,
but only a few, and cven with regard to
them our knowledge is not complete, and it
would be a great mis‘ake to embody in legal
requlations the standards which we are at
present tentatively recommending, for it is
ceriain that, as our knowledge increascs
through investigations in this fcld, we shall
have to change our figures. | believe that
the State departments of labor or of health
which have adopted standards of allowable
czacentrations regard them as advisory only,
znd that is right.

The first attempt at the establishment of
2 maximum figure of air contamination by
zn industrial poison was made in England
in 1910 by Duckering and Legge, who used
the procedure since generally adopted; that
:¢, they determined the amount of lead in the
air 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, if
the amount of lead were kept under 0.5 mg.
rer cubic meter of air, there would be no
serious plumbism, no palsy or encephalopathy

and only rarcly cotic. This amount, you se
was not to be taken as sale, only as fre
from serious dangzer. In 1933 our own Pyj
lic Health Service concluded that
amount of lead dust or fumes in the 3
~hould be kept 0.153 mg. per cubic meter for
«afety. This was on the basis of an inves
wgation of a storage battery plant, and 2
sickness study of 2,303 imen cmiploved there
Far “prolonged exposurc,” the figure mus,
it scems, be s:ill lower, {or some cases were
found which had developed cven at 12 mg
I believe the next important contributios
in this field was made bty the Benzol Com-
mittee of the National Safety Coundlf
wiich, as you ail remember, established 10
parts per million as the maximum aliowsble
concentration for bLenzol, That figure sﬁf
stands, though we have a good deal of eni
dence that it is too high. You are probal_)!r
familiar with two remarkable reports on o
dustrial benzol poisoning which appeared &
1939; one from the Massachusctts State
partment of Labor on henzot in the mame
{acture of shoes; the other from the Nex
York State Departinent, on benzol in roter
gravure printing. [n both studies cases wert
discovered that had devecloped after &
posure to concentrations below 100 ppr
a result, Dr. Francis Hunter of Boston
clared that, “It is doubtful whether any
centration of benzene greater than zerd ®
safe over a long period of time.” ‘
The American Standards Association B
:ad for some years a committee on this &

American Standards Associstion Committee

Parts per Million Length of exposure,

Substance i | .
Carbor. monoxide ‘ 483 i Nfﬁ over ?f:o&xm daily
Benzol : 100 . . 8 . .
Carbon distiphide | 20 C e e e
Hydrogen sulphide ; 20 o s e e a
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Governmental Safety Service in Industry

Suggested Standards ror lllinois and Massachusetts
Parts per Millicn Pitligrams £ Cubictteter

Niinots Mass. lllinois Mags.

Subsrance | ,
Ammonia ¢ 50 100
Aniline 5 5
Bernzol 75 75

(arw derustives)
Carbon tetrachloride: (00 100
Chlorine 0.35 1.0
Chloronaphthalenes S Ito5
Chicrodiphenyls <] 1.0
Chromic acid 10 0.l
Gasoline 1000 1000
Giycols 25 ‘
Hydrachloric acid e}
Hydrocyanic acid 10 10
Hyorofluoric acid 3 ]
Lead ' L5 15
Mercury 1.5 1.5
Methyl glcohol 100 200
Nitrogen oxides 10 10
Nitrobenzol S
Ozone i
Phosgene ]
Prosphine 2
Suiphur dioxide 10 10
Tetrachiorethane 100 200
Tetrachlorethylene | 100 200
Trichlorethylene ' 100 200
Toluol . 75 200 |
Turpentine | 500 200
Xglol 100 200 |
Zinc oxide i 150 15

Ject, composed of industrial physiciars, ven-
tilation engineers, industrial insurance car-
:Cfs‘and toxicologists, who are trying to set
P standards for use in industry.
\"itl? l!\a'r we have dealt conclgsivcij: only
Vo gases and two volatile sclvents.
craxids -and hydrogen suiphide,
Zdopuda‘}d carbon disulphide. The iimits
accgn;q 1r?r !hc. present are shown ¢ the
fanving cihart. Benzol stands z: 100
Pom.. chiefiv because of the insistence of our

ing - . . .
Urance members that this is an ideai that

can be realized practically while 2 morc
rigid standard would be rejected. and we
should be left with no standard 2@ all. My-
self, T am always willing to acces: half a
loaf rather than no bread, but Mlanfred
Lowditch, of the Massachusetts Eureau ot
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 Z0 ppm. is
ivasible Sor hyvdrogen sulphide 2nd carbon
disulphide, he can cee no reason Wiy it is
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Tentative Standards Adopted By Fublic

amline 4

aroup-
Authorities Tor Maximum Allowable Cor- e o
centration §r Silica Containing Dusts e
TTAgtEerity T T Mitlions of Particles per CuFt ofAir comes ch
Free Silics Content phapnaco
T ., si0n-{0N1C
High  (Medium Low fection Wi
Natioaal Silicosis Confer— dustrial po
ence. |1936. Medical Com- . To pass
Mittee. - coaeeenecaemm e e o5 ceeee dO 402D er s ememnes - feld, silico
Ditte. Engineering Committee. -5 ---- 10 5 30--1----------- f;ff o
U.S. Labor Department | agarwncm
1936 Division ¢ Labor f , : _amount_of
Standards -------cee e oo e tons of {re
NewYork Department of v inwas \ : ?n :?:m Z
Labor. 194Q+=-=--+=x=-=-=- ™ (0100 - {7 ot take Rt
Conunecticut Department silicosis may
. N ‘ . from the a¢
of Public Health 1938, -------- L T, R - 1 affect the d
California Ilndustrial fcci- ; 5 f st
dent Comsmission. 1936, ---+--- b et D i—----50 ------- f- ‘Take four
Wisconsin Industrial Core-- : ] gZsilica, runnir
MUSSION. 1932, -0 -+ wemmemiapeessB mmmmss s el reoordeommones - F | Bdangerous g
Massachusetts Departraent | . : ;_ﬂ ’*?Zsse'fg; ctone
of Lebor & Industries 1940----- 5‘---~~-2§-I0 ;d:;‘--~~-~~’00~- A F o foundry w
' (grsan=l 25 & i
: ' foundry , ¥
% Nuisance = rition for the d.

imipessible for benzol Certainly & is to be
hioped that ventilation engineering will pro-
gress to the point where a lower Syure than
100 ppm. may be reasanablv deranded {or
Lenzol users.

The standard for carbon mouexide does
not need to be defended, This ga: has been
exhaustively studied by the Pubiic Health
Service, by State bodies, by indusimy and by
toxicologists in many universiticz. Carbon
disulphide and hydrogen sulphide arc the
two dangerous gases which must be dealt
with in the manuiacture of viscose ravon,
and the maximum allowable cuncentrauons
given in the chart were establishac tirough
careiul studies made by the American Vis-
cose Corporation, the du Pont C¢mpany and
the Tubize-Chatillon Company.

\When it comes to the other tnxic sub-

“stances I have listed here. we can iy only

.r

.. Dusts

that the figures given represent our best
judgment at the present moment, but we ad-
mit that that judgment is often based ot
something not far from guess work. Take
the one on which I happen to be engaged
at the present time, tetrachlorethane. ‘ve
kuow it is the most dangerous of the chio-
rinated hydrocarbons used in industry,

we have known since the first world wif
what i3 action is on the human bedy, for it
was used by both the Germans and the

“'and other sil:
" “shown the sil
chiefly in the |
particle size d
till it may r
microns, only
fifth of the pe
microns. This
foundry duet ¢
chipping, johs -
the industry
foundries are ¢
more chipping i

If our knowl

Pritish in airplane dope, and in both cour
tries gave rise to cases of acute }'ci{o“'
atrophy of the liver; but, in spite of 3
voluminous literature and un  impresive
number of clinical cases, we find no ¥
stance in which the amount of poisen in th
air was determined. Therefore, the.standast l
ten parts per million, is based on Zangger’®

statement  that witd

this solvent bhelongs

ftguired to proc
ying, this is stil
Wwhat constitutes
tions. Here the ;
g much valual

k)
Mmental investiea:

Mining, have car
and, in cooperati
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sefore, the standaf‘fL
based on Zang3er®
‘vent belongs willt

aniline and nitrobenzene i the most toxic
croup. We bave little dala with regaed to
?hc other chlorlpatcd hydrocarbons, except
CC14, abont which we do know somewhat
“more. As to the others, our knowledge
comes chefly from the studies made by
phannacoiogists who sought a rclanv_cly
non-toxic agent for cases of hookworm in-
fection which is not the same thing as in-
dustrial poisoning from fumes.

To pass over to tha: very controversial
field, silicosis, I nced hLardly emphasize the
fact, so evident in the accompanying charts,
that there is still much con[us}on and little
agreemen? among thc'a‘).nhormcls as to the
amount of dust containing varying propar-
tions of free silica that may be permitted in
i workshop. This is to be expected. Poison-
ing from gases and fumes. even if slow, does

_ npot take Artween years to make itself evident

-silicosis may. Moreover, other factors, aside
L. from the actual proportion of f{ree silica,
s affect the dangerous character of a given
3. sdust. :

Take foundry dust. J1 may
?f.‘,gilica. running as high as the notoriously
‘éﬁ'dangcrous granite, yet, while consumption
#has for centuries been the occupational dis-
ase of stone cutters, this has not been true
iwiof foundry workers. Recent brilliant studies
“al this particular dust, notably the one by
+* Hatch and Moke, have provided an explana-

tion for the difference between foundry dust
and other cilicious dusts, for it has been
shown the silica conmtent of the former is
. chiefly in tie large dust particles, and as the
particle size decrcases. the free silica falls,
till it may reach, {or particles under 2
microns, cniv one-fifth or even one twenty-
fifth of the percentage inn particles over 10
{ microns. Txis is, however, not true of the
{  foundry duct caused by sandblasting and by
¢ chipping, ichs which evervone familiar with
the industry knows to be dangerous. Steel
foundries are the woret. probably because
more chippinz is needed on steel castings.

If our kncwledge oi the minimum dose
fequired 1o produce poisoning nceds ampli-
fying, this i+ still truer of our knowledge of
“"hat constizutes dangercus dust concentra-
tions. Here e Public Health Service is do-
08 much wziuable work. Their two monu-
Motebnvestizations. of the Vermont gran-
te ndusir: and of Pennsylvania anthracite
m'“""z. have carried us 2 iong way forward,
and, in corsaration wath sae experts of the

Governmental Safety Scrvice in [ndustry

be rich in’

Saranac Laburatory, they have found i
possible to establish certain  fundamental
facts. For instance, the Laboratory is ablc to
state that the percentage of tuberculosis to
be expected among workers in an establish-
ment where there is no special dust hazard,
is 479 per cent. If the rate is higher, there
is something wrong; of course, not neces-
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 life without a disabling injury; second,
the “secondary threshold,” a concentration
in which a healthy man will “inevitably
vontract silicosis if regularly employed for
several years.” General experience shows
that the frst is at about five million par-
ticles less than ten microns in diameter; the

second is probably at a level not higher than
100 million.

At the National Silicosis Conference held
in \Washington in 1938, this formula was
suggested for determining the maximum
permissible concentration of free silica in
the air breathed. 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 ax
permissible. i it is over 5 million, the con-
dition is to be luoked on as poor. TFor ex-
ample, 10 per cent free silica with an av-
crage total dust count of 30 million particles
would mean 0.1 times 30 million, or 3 mil-
fion, good practice: while 30 per cent free
silica and 30 miilion particles would niean
13 million, 1o much. This formula cannot
be applied to a dust with less than 3 per
cent silica.

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

to 25 per cent; the dust from abrasive blast——=-~

cleaning, averaging 70 per cent down to 10
million. Massachusctts allows 25 million for
foundrics, 10 miiiion for granite stonc mills
and 3 million for sure silica dust,
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Suggested Sandard

In Mitlion Particles
(Below 10 Microns)per
: Cabic oot oF fir.
Gold Mines, South Africa——86 to 95— 3 to 4.5 mullion.

tPercent of Qariz

Source o Dust
(Free Silica)

Metal Mines, Rroken Hill:

Agstralia 0t I T?emr— 14

Tunneiing, Sydney. _

Australia 20 l Under© -

Gold Mines. Ontario—-,2 10 19 (2 ""’e‘}l——— 85 .

{ron Mines, Canads 50 S -

Grenite Cutting.Barre] (Rock.26.5) 91020 :

Vermont Dust. Auverage 35 N
£

Metal Mines, Tri-State “f"

Area 20 S - %

Potteries, West Virginia|-— 20 to 30 K

. . 1.6
Anthracite - Mines. %’g}&%ﬁ%tmfz 5410 -
Pennsylvania. gock orkers dust
average 35
Subway and Foundstion
Drilling, NewYork City | Less ten {1084 |——I10 -

¢at need of careful studies of actual o
sions under which damage from poiso®
z=4 dusts occurs in industry. It is in o
c-untry that ‘these studies must be ma &
The day is past when we could look to Ger
~any as the source of knowledge of indss

toxicslogy— Now that e
tion lias passed to us. And this partict”
method of determining safety limits ®

cerm L sev
-«ans of a combination of experts il S:r;

We must not forget that the adoption of
any of these standards doecs not mean that
there will be no silicosis among the work-
ers. In the South African gold mines, the
free silica in the air was brought down to
3 to 4.6 million 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 9% years. In
Barre, Vermont, the Public Health Service
tound cases appearing after only ten years «ral ficlds, chemists, ventilation c.ngmc.
at 6-9 million particles and after 9 years, at  x=d physicians is peculiarly Asnerican. ;jxe
20 million. They have placed the maximum <:iber country has made anylhmg. like a
allowable number of particles at 9 to 20  :antributions to this branch of induste
wmillion, which is certainly not extreme.

I nced not say anything morc about the

hygiene that we have. But we need 2 gre?
Zzal more.
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Occupational Disease

WEDNESDAY MORNING SESSION

he meeting ou Occupational Disease,
Panel Discussion, was called

2 CHAIRMAN PAINE: At every meeting
that T have attended in this Congress some-
ene has raised the question of industrial dis-
This is a subject which has been

money and has ;.
asibilities. His doo
=+ going to have w
out” The docor’s
be §25, $30 or por-
s going to have

ay - . That lst

ring the time he®
sive a definite sic
yws he is going ¥
“encfit, he i 2 K
: 1o go ahed

out: and, azain &

a favor and yos b . . . .
‘ 1-.» We have the following subjects to be i~

1

physical cenditior
iem do play 3 M1
program.

-

Haligned in some cases and has been a fan-

‘Bicy on the part of others. This, however,

wld not in any way destroy the realities

qﬂxj{_are back of the industrial disease prob-
t

5‘ 4z
ceks, and u:«:ﬁi&;»‘g‘m discussion of this broad problem,

“have asked the medical prafession anck
“law to help us this morning. Each phase
‘the problem will be discussed on an or-

‘#derly basis. \We have assigned as the firs
“Speaker for each of these subjects one of the

-men on this platform. After he has finished

. bs preamble, we will ask the members on

1+ Ladies and O !

mterest t

mor }

cient satisfaction Wy

o
el that the b

Coe | pu

the fioor to present any question they may
Rave on the subject.

_mss”cd: “Health Hazards in Spray Pain:-
£8" Dr. Eugene \Walsh, Associatc Super-
Nsar of Medical Service, Internaticrnil

rvester Company, Chicago, will apen thi
Subject,

“Fatigue and Its Relation to Occupational

143

Lan fo turs 10 Oy " This subject will be taken up by
“chali of € b Naocbert Enzer, Director of Lahora-
re glad that thent i 6, Mount Sinai Hospital, Milwaukee.
‘1ot TMOTE ?55‘“”“‘ . n’.n‘e Toxic Limits of Common Solven:s=.”
this panel * :’ subject will be opered up by IUn
a good 1d f‘,; ' Sn L. Belknap, of Milwaukee.
wifl be 7 : --L“d‘ in Industrial Processes.” Dr. Eui-
?"IU also handle this subject.
R Rt t ~ Affections.” This will he handie!
! S'Phdr -\I.. I. Reuter, Dermatologist i
IfA olagist, oi Milwaukee, Wi,
HED) ) la:x: but uine of the most imports
) " "Shounld Ocenpanonal 1iseases
O

October 9, 1940

Manager, Engineering Department, Actna

Panel Discussion

Casualty & Surety Company, Hartiord,
Conn., who presided.
Considered as Industrial Injuries:” This

will be handled by H. A. Nelson, Dircctor
of Workmen's Compensation Department,
Wisconsin Industrial Commission of Mad-
tson.

We all regret that severe illness Keeps
Pr. Paud Brehm, Supervisor of Indusirial
Hypiene Unit of Wisconsin State Board of
Health at Madison, from being present.

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

Spray Painting

DR, EUGENE WALSH: Painting i< a
topic that has received considerable atten-
tion. There has been an increasing nmumber
of bazards imported into the trade. Mou
of these have received wide attention, par-
ticularly in the past few years. It has leen
incident to the wide use of the sprav wun
and of the lacquers. particulariy. Many of
the solvents and products used in the paint
industry have known toxicities. Others ure
in the experimental stage, so far as usc and
so far az their hazards to health are con-
cerned.

In the old days of brush or dip ur flow
painting, ~till widely used, solvents of rather
low volatility were emploved, and the haz-
ards associated therewith were not a~ wrvat
However, when we come to the sprav cun,
particulariy in its use in the recentiy devel-
oped Licquers, we come into a host gy
solvents.

The quantitics used per yeur in facquers
and solvents in the paint industr: .
Cnited States reach astronomical
trans, Masy, many tons are nsed.

e
Tapar

T
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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 are rela-
tively innocuous and can be used with refa-
tive immunity.

So far as the fluid constituents of paints
are concerned, in the order of volatility in
general, we have, first, the soivents which
are, largely, for paints; the. paraffins; oils
and varnish; varish with some turpentine
ot sotne spirits of various and sundry tyvpes.
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 1o
deal with. The solvents used are relatively
low boiling products which volatilize rcad-
ily, such as acetone, ethyl acetate, hunyl
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—alcohol,
toluol, xylol, mineral spirits have heen used.
In the past, benzol was used We are glad
to say that there is a growing trend away
irom the use of benzol, which has cumula-
tive actions in the human individual, result-
ing in the low grade chronic toxicities due
1o a depression of the blood-iorming 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
cellusolve, monomethy! ethers and various
other chemical products of known and un-
known toxicities. Also, there must be a
flexilizer or a substance giving flow to the
. plastic. These are relatively high-boiling low-
volatility products, triphenylphosphate, 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, Tt is often
the impurities in minute quantities that add
to the toxicity. For example, we may say
there is, in the case of xviol, some question
as to its inherent toxicity. However, since
henzol is so frequently a coutaminant, we¢
do have some benzol toxicity to be cansid-
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ered when xylol is used. Also, when
have two substances which are used to mah
a paint or lacquer fluid, its toxicity, resy,
ing from the combination of the twg =
stances is not usually that of 2 summae
of the individual toxicities of the twyo, )
is, if we have two products (A and B), Ad
one-plus toxicity, if we wish to use &
terminology, and B of one-plus toxiciry, n]
may get a-resulting toxicity of threg.-;q
or something of that nature—just 1o use §
arbitrary form-~——~""" o

The methods of control are: First &
substitution of non-toxic products such 4
we mentioned in getting away from 'uf
hearing pigments in paints. We are forremg
to have alert chemists in the paint indesyy
who are alive to this problem. Ther &
constantly striving and working with 122
dustrial hygienists and the physicians 3 &
veloping non-toxic products, so far as ki
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the viewpoint of the pane
on this subject, namely
spray painting ?

EDWARD SMITH
\falieable Co., Buffalo, N.
was made about spraying
- DR WALSH: Sprayin
i a common procedure.

: brgely aalcium, it is a re
- bstance. It is irfitating

tree and may be follow
cough. Not infrequently :
imants in whitewash whic!
products in them but,
washing is a matter that i
week, and perhaps a2 mor
done in most industries d
esposure is refatively in
bazaeds are not great

. Likewise, most of the 1

pigments and solvents are concerned F

Anather factor that has been considend ¥
and is of importance today in redmgy
toxicity is the mechanical developmet¥§
the spray gun. Many years ago, n it
fancy, no precautions were taken The &
gineers weren't particularly intcrmcd_‘;’i
A man would spray with ane or 2a0ber.
spreading the toxic substances about Todaf.
however, with the development of kxet
pressure spray guns, with the devojos
of engineering methods of control of AT
and fumes and dusts incident to the poeBt
we have less toxicity.

If an individual corporation is alert 29
serving and controlling the hazards et
very little toxicity need be encoun &
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wpoint of the panel. May we proceed
};’mt‘;; iubject. namely health hazards in
r;’:{p'ﬂ)' painting !
ZAEDWARD SMITH (Jewell Alloy &
J)fzlleable Co., Buffalo, N. Y.): No mention
yeas made about spraying whitewash,
'."?*‘-DR- WALSH: Spraying with whitewash
=3 common procedure. As whitewash is
: ly caleium, it is a relatively innocuous
imbstance. It is irritating to the respiratory
iree and may be followed by a chronic
3 oh. Not infrequently there are contam-
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sants in whitewash which may have toxic

,ﬁ‘mducls in them but, ordinarily, white-
“irashing is 3 matter that is done today, next
"‘;!‘:gek, and perhaps a month hence. It isn't
Adone in most industries day after day. The
[ texposure is relatively infrequent and the
Z';’h';zards are not great. N

T\;‘Likcwise. most of the whitcwashing pro-
Yerdures are done in large, open, airy rooms,

#

-3
"»%}'l;at isn't true of some tunnels, of course.

ZIf it is done in closed rooms, tunnels and
Zplaces with poor aeration, it is advisable, if
vthe process is to consume any length of
-ifime, to have the individual protected in
~some manner. Just a simple draft of air or
Z2 mechanical dust type respirator probably
~would be usable if the exposure is to he of
any lengn: of time,

X-.Ray Examinations

DR. R4BERT M., BURNS (Minnesota
State Mztical Assn., St. Paul, Minn.): Are
there methods by x-ray examination from
me to :me or from year to vear that will
show prezress of bronchial trouble as a re-
sult of these paint inhalations? -

DR, “WALSH: Thére are those that
would azswer your question in the affirma-
tive. Mozt roentgenologists, however, rather
soff at the idea of making a diagnosis of
bronchiertasis by x-ray. The shadows which
: the x-ray are largely those of the
blood v¢ssels and fibrous structures of the
lung. It :x true, however, if an individual is
usiing s.:me paints which bear silica~and
one pain: that [ did not mention is that used
M the porcelain industry, silica-bearing
Paint—:at is another problem. If you are
using 2 silica-bearing paint, you will get the
characizristic changes of silicosis.

_However, for the ordinary pigment, so
litle :: absorbed, so few of them produce
Prourciiive changes in the lung, they rareiy
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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
iore, important than the products used in
the paints, cither 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 toluol. I wonder if much at-
tention has been given to that fact?

DR. WALSH: That is 2 problem, it is
true. Certain ficlds of oil, particularly those
bearing the naphthionic acid oils do, in their
cracking processes, result 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 considercd. It depends largely
upon the arount 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 cousidercd 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, largely.

Benzol has developed a chronic toxicity.
This particular subject is receiving attention
now, but very little has been produced io
indicate that benzol is a definite toxic agent
in the gasolines produced. But if the aro-
matics were up to about 450 parts per mil-
lion, you certainly are on the borderline ni
toxicity. I think it should be reduced, if it
is at all possible, by orainacy” mnethods, At
least the men should be watched very care-
fully for blood changes, so far as benzol
exposure is concerned.

~ MR. CARR: In that connection, it has
been necessary for us to go to a respira-
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tory protection of the supplied 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 somne
two or three years ago, when I was visit-
ing automobile plants, [ was told they were
making a change in their coatings. [ wonder
whether that has proved to be true? They
told me they were substituting synthetic
resins for nitrocellulose and as a solvent
were using hydrogenated petroleum prod-
ucts which had very low volatility. It
secrned as if that were going to be a revo-
fution in coating in automobile factories. [
should like very much to know whether that
change has been made.

CHAIRMAN PAINE: Can anyone an-
swer the question of Dr. Hamilton?

DR. WALSH: [ would like to say to Dr.
Hamiiton concerning the substitution of
synthetic resins for nitrocellulose products
in the automotive industry particularly,
most of us receive all of our information
concerning the newer development of haz-
ards from no person other than Alice Ham-
ilton. [f anyone in the room can answer the
question, I 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 Bulletin No. 7 of the U, S. De-
partment of Labor. It is a beautiful presen-
tation, and it is worth while for any of you
interested in the paint industry to read it.

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

DR. A. L. BROOKS (Fisher Body Di-

a lot of spray painting. [ belicve there has
been no radical change in the solvents and
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companies are now-producing hydrogenatef ¥

vision, General Motors Corp.) : We do quite’

diluents used in the lacquers which w ;,e'?,‘i
now employing. The process is very myqy ¥
the same. s
There has been some change in the lengy 3
of time required to dry these lacquers, m_:«* :
the constituents are the same as they were gt
W. H. KRAUSE (Allis-Chalmers Mig <% :
Company, West Allis, \Wis.}: There hapa}:
been recent changes in regard to the dilyenty3s
used in paint. Quite a few of the larger ol
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naphtha. These do contain considerably .’.E::xlr(ri:c:'ﬁ:l “t)olig;

quantities of benzol and toluol. I wonder if&F

there had been any experiments made win3} So;wt contain 3

regard to the toxicities? 3 .
CHAIRMAN P

* @ss on to the next
_Relation to Occups
E ject will be opene
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Benzol Frowned Upon

DR. WALSH: T should have mention
when we were speaking of toxicities of sd & ¥ Director of Labor
vents, that the medical profession frownfBF- Mk Milwaukee
upon the use of benzol as a solvent or G¥F :
luent in any proportion, \We just don't lkg¥.
benzol, regardless of its percentage, becaust SEL
it is so easy to get out of hand, and the3f:""DR, NORBEKT
chronic cffects of its poisoning come on S ®'the morning [ ;
slowly and so innocucusly, they creep ofXE" kvel of activity :
on you before you know it. It requires rathe®¥" Fatigue is 2 siate
close obscrvation wherever there is * tradisient character
benzol or toluol. P “‘enderstand it and

So far as the hydrogenated naphthas artH i ut, so far .
concerned, it has been said that the hydr@E¥. 3UEUE 15 thar g
genation does not change the chemical stru “'{k which makes
ture of the naphtha, and it does not increase¥: :;:”ﬂ what may
particularly, its toxicity. If it is in relative '. output.

';Fitigue and O
et

large quantities, 400 to S00 parts per "‘}"_ g ltis characteriz
then there is the problem of the toxtab® Sharacterized

inherent to the hydrogenated naphtha its mvestigation hy ¢
But we would much prefer not to see ? which T wilf eJai,.

zol at all.

CHAIRMAN PAINE: Dr. Hamilton.
you wish to say anything clse on the s
jeet? ’

. 7the strictest -
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DR. HAMILTON : I think not. My 'Geg: u:bged s the o
of the subject is four years old. 1 ‘.hol'c NUY a3 our
perhans very important things had oMo TR of disease

. n
ey terpret the .

light fince ifien. Apparentiy benzol is 059y
. g B8l yseq iy g

Y s . . r(s' 3
lurkinz danger which arises in al} so .

unexpected ways, especially as we “”I > .,'r°“ from he
cracked gasoline than we did befor® 3 ; o u?ﬁd an g¢
agrce that it is something that shou e 1o 1' healt)y
avoided. o U-;d Y circum

We always advise the substitth® 2y T that geq
toluol, when possible, for benzol, but .::“Ch. un¢
think any industrial physician wou tol v Couldp
ing ta give 2 clean bill of health 1 g Th
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"R, GUAMMAR (Darre Company): [
poald like to offer onc minor observation.
;?cgmmcrcial toluol, as sold in this country,
‘. does not contain any measurable amount of
benzol.

ZCHAIRMAN PAINE: We will have to
K50 on to the next subject: “Fatigue and Its
TiRehtion to Occupational Disease.” This sub-
U will be opened by Dr. Norbert Enzer,

ties of sol- g Director of Irabora‘orics. Mount Sinai Hos-
on frowns il Milwaukee. 3

cent or di.. 7 - ) .

: don't like Fatigue and Occupational Disease

ve, becanse” L

d, and the DR. NORBRERT ENZER: At ten-thirty
come o0 8. the morning I generally have a very low
 creep up L ¥evel of activity and suffer from fatigue.
ires rather’ | “Faigue is a state of bodily ill health, of
ere is any'§ Ctfansient character. It is evanescent, as we

Zederstand it and as the term is commonly

apl E'a-’&d but, so far as industry is concerned,
the  uo-- b gfatigue is that state of the individual at
aical stroc - { - work which makes it impossible for him to
1ot increase, | Perform what may he considered an average
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good output.

It is characterized by certain symptoms, [t
n characterized under ideal conditions of
mvestigation by certain objective findings
_which I will claborate in a moment.

Ta the strictest sense of the term, T sup-
¥4 2n occupational disease is that condition
} ‘l‘-'-tﬁ can be directly traced to some agent

‘o arcumstance in employment which can
- be abeled a5 the causative factor of the dis-
fa% But as our horizon widens and our
-Gxcept of disease hecomes broader, and as
¥¢ interpret the word “disease” as it was
“rgnaliy used in the Greek sensc, a state of
":uuon from health, or dis-ease, then we
=zt fegard an occupational disease as any

T2 of ill health which has been contrib-

to by circumstances of employment.

_Lnder that definition there is hardly a

3% which, under some imaginable state

. 15.31\'3, couldn't be related to what the

* 15 doing. Those are the two extreme
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duinitions of the term “ogcupanonal dis-
case.”

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

The mechanisin ot fatigue is grounded in
a very complex explanation which is not
vet 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, maost 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-
manv and latterly in Russia; the object be-
ing, in the European investigations, to find
out what ¢ircumstances of employment con-
tributed to fatigue, to correct those cir-
cumstances of employment to prevent fa-
tiguc and, hence, to increase the output of
the individual in terms of his occupation,
without sacrificing any quality of his health.

Now, the thing that we lack at 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 ou in that direction, and [ think
heiore long something will come of it.

Croadly speaking, two main channel: of
investigation are heing carried on. One is a
staie of fatiguc relative to the muscular
capacity of the individual. In other words,
we relate muscle strength to the load. The
other is a form of fatigue which I think is

~4omg to be more important as time gocs on,

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

of the brain to send impulses to the
peripheral mwscles so that work may bhe
periormed.

Now, monotony of work may be the
greatest contributor to fatigue. [ use that as
an ‘ilustration. For example, we found out,
in cne small investigation, thar individuals
emgioved at work which called for dexterity
and nimbleness and a high degrec of menial
alemimess fatigued in less than a tweniy-
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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 a2 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 type of
hypertension, increased blood pressure, have
in many instances a lower fatigue threshold
than individuals whose biood pressures are
normal. Or an enlarged 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 becomes 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 [
mentioned first, calls 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 {atigue which
can be rclieved if he can periodically sit
dow, because his oxygen consumption in
the sitting position is greatly reduced over
the standing position, and he performs vir-
tually less work within himself, Conse-
quently he has available greater reserves of
energy for his performance.

£ o
g
~u'-w§ Pels

20th National Safcty Congress

- hourly or-at hour"and one-half intervaly

" esting subject. &

sorll

It has been pointed out, and we have been
able to show in some small investigatigy
that if it could be arranged that thig job
could be done in the sitting position, e
output would be increased and the indivg.
ual would suffer less fatigue. =

It has been shown that, in jobs which :

call for a to-and-fro movement betwem™:
more or fess fixed positions, without much o
opportunity to rest, if the period is broke”

44
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and simple freedom of motion allowed =
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 zppf'
cation of bathing, in certain kinds of indus.

and raise the capacity of the individual 5"
resist his industry or his job. Those are*
some of the features of the occupational |
aspects of discase, or the industrial aspeet,
of fatigue, rather. \With that casual intros

S
duction we can go on and atternpt to answers
some questions. =Y

Tests of Fatigue

CHAIRMAN PAINE: Are there iy,
questions from the floor? This is an intgr

DR \WALSH: I should like to ask 3%,
question in relation to various tests of fa‘ -
tigue. The psychologists have all had people
putting round pegs in square holes and
that sort of thing, rapidity of processe.
That is one method that is not my conte¥ -
of the way to measure fatigue, but it bringi..
up one point; namely, the relation of fatg¥ -
to the mental status of the individ .
Again, the psychological ynrds‘tick may ¥
applied. \Vhat is the relationship of the (ﬂ:
tetligence quotient of the indivxc!uzl to U
tigue? Does the person using his mif
his work fatigue more readily than on¢ o
ing physical activity in swhich no inentdh ¢
fort i3 veguiced? oy

DR ENZER: If I may restate the ql&; i
tion, I think Dr. \Walsh really wants 10 %0
out whether individuals of low 1.Q T
speak, cxperience the same phenomﬂ‘a’
fatigue under the same circumstances L
individual of high 1.Q. Ay

DR. WALSH : That is right.
DR. ENZER: I would say he ¢

though that is not gencrally recogit? '

BEN JOHANEK (Conr
\Vakefield, Mich.): Do you
of this is caused through i

DR. ENZER: We are
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pervous fatigue because we
qrtain elements in food th
for the integrity of the cen:

[ em. But we have been able
- preliminary experiments anc
- yeys that, in a general way,
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but in acute instances it is.

> by that? An individual wi

prived of food for longer

" mally accustomed, in othe

. ; LT . : s are separated by too
tries, will produce a diminution of latigus - meal P b

time, fatigue will be produ
that on ourselves. \We too!
arly moming until late at
able to show increasing fatic

. We were also able to st

-well ‘known, of course—tha
. Main kinds of food which

porary relief from fatigue,

" sugars, carbohydrates, and
“en done on the proteins o

tense that I have tried to
this momning, diet is a fact:
cuse it becomes a discase

- @se state induces fatigue. [
. 1 state of fatigue if we F
~disturbance in the habits of «

Factor of No

MISS MARY LOU S«
gram & Son, Louisville
to know the effect of

rgard to {atigue,

“PR. ENZER: Noise is a
u;ﬁ ¢monstrated that objc
We ;: way ina }aboratory,
N &sted individuals for
ou‘-mom rate which, as I
thesy 258 line. Afterwards
sty @&r with a sound of
» thythm angd rate, the
b "neilher we could fatig
"b(hern and in that way
.<enter of the brain

v istract one center fr
" ";hfoimd that this inve:
old . VO father interes

N m::y'thr.ce, perhaps. ¢
X Sttutionally, indiv



Occupational

"'”\- fOHANEK (Connor Lumber Co,
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sensitive to sound, uccause we could pick
out from a group of individuals people
wlhiose flicker phenomenon was greatly de-
pressed whien their cars were stimulated:
which suggests, perhaps, that such individ-
vals work best in a quict aumosphere. That

s a speculation.
Another type of individual coustitutionally
vasn't affected at all. His flicker phicnom-

cnon was exactly the same rate.

The third individual had his flicker phe-

nomenon raised; in other words, he was

stimulated by sound. [ think casual exam-
ination amongst yourselves will probably
bring to light tllustrations of the individual
who can concentrate on reading a book while
the radio is going ou and understand both of
them perfcctly 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 fatigne ac-
centuated the direction of their natural con-
stitutional tendency. In other words, the in-
dividual to whom stimulation of the ear
depressed the flicker phenomenon found
that depression ircreased at the end of a
day's work.

PAUL M. HARRIS (Western Austin
Co., Aurora, Ill.): Does the human system
have the ability in any way to build re-
sistance to this monotony, so it doesn'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 job; but the unior-
tunate part about getting used to your job
is you are not the same today as you were
five years 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 {atigue
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

e
vounger individuals. In other words, it is
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not entirely true that experience with a job
is @ guarantee against {atigue.

CHAIRMAN PAINE: In order that you
may not be fatigued. I 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 [ am sure that we in
the medical profession always feel peculiarly
honored when Dr. Hamilton is in the audi-
ence. If there has been anvone who has
been responsihle 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 emphasize 2 few of the toxic limits
of the common solvents, so-calied thresholids.
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. znd the actual decision
of whether or not t=e solvent has been toxic
is the observation of the patient who has
been exposed to that solvent, by a plivsician
who must determine whether or not there
has been a temjorary intoxication and
whether or not thiers has been a residual.

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

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

—there is gasoline. It has been stated that

1000 parts per million is a safe limit for
continued exposure. The matter of countam-
ination by other :uhstances such as benzol
in 5 to 10 per cent in certain gasolines, cer-
tainly would alter :rat safe threshold.

“The next aroun of solvents which arc
slightly more toxic. are the amyl and butyl(
acctates aud cther which are allowable in
400 parts per million. Some authoritics still
state that they belong in the 1,000-part-per-

million class. "The most recent report classey
them as 400, )

The third group of 200 parts per millio.{."‘.
inciude the following: Methanol or wooq .
alcohol which, as you know, may haye a:
serious effect on vision and cause blindnegs. -
toluol and xylol, tetrachlorethylene, triv
chlorethylene and turpentine. B

The fourth group, which has dropped 3%
100 parts per million, include carban teirg %
_chloride and_ethylene dichloride. 21

Then the fifth group of 75 parts per miL2
lion, benzene and dichlorbenzene ; and finaily
nitrobenzene, which we, fortunately, acty-'%§
ally use very rarely as a solvent. is 5 pars. 3+
per million. . A

[ think it is important to remember that
these solvems, if in sutfcient concentration %
may kill. This is in contradiction to the
other subject that I have been given, whick
is lcad, which very rarely kills. These sof

i

r

anyone in the factory, \W
profession have always fel
put our cards on the table.
is a great deal simpler 10 1
axiom and tell the truth. ¢
ior instance, the benzol cor
sa its barrels, the word "7
m a position to know whet
. fess did that because they

. 1know they do it -

I think there are many
that should put the same lat
ucts. In this connection 1
of 2 case that I was asked
young boy, in the middle

", working in a shop which m
> deniy became very sick, had

was dizzy, and had to s1or
working with a substance w
a3 harmless.

When I first heard of 1i:
L would want to see the pre

vents kill, fArst of all, by simple sufocation, 21
if they are used in an enclosed space, 'su&_ﬁ
as in a vat. But the sinister element of the
solvent, of the toxic soivent, is the fact
it affects the central nervous system becausg
as yvou know, these solvents are fat solvmjs o
and our ncrvous system is largely made rf? g
of fatty tissue or lipoid tissue, so the aérvé’?:
‘ous system is very casily affected. We hzl\jca-
involvement, therefore, of the eye, one &%
the most highly developed nervous strociz:
tures. Then we have central nervous systedy
involvement, paralysis, inability to wally
Also, we must realize that some of thee™
solvents actually damage the liver and %
kidney, causing an acute Bright's discase Ii .
is thought that some of them may ci%$z§ -
cirrhosis of the liver. KL

Fortunately, one of the best 5ol\'9ﬂ‘5 .
one of the most dangerous is not ncfgey
in the list at all now, the tetrachlorethyl®eg”
group used in the airplane industry ¥ &S s
past. That had the peculiar ability t0 ala =§
every part in the body, including the h;,.-; :
muscle. That, too, is said to be 2 COIFTLY.
“inant ‘of some of Sur other solvents. It A
Leen mentioned that possibly the for e
contaminance in trichlorethylene W38 7525
the reason why trichlorethylene nd
inally had a rather bad name.

I think onc of the most important th
to remember in dealing with the <o Gith
a good solvent is that we are dealing !
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]

s

: ke of

The . >
d’“’";m:h

plant and get my injorr
rather than attempt to talk
by telephone. (The medical

khole is learning that it ca
_responsibility by demandir
Inow all about the exposur
trat come into their hands.)

-‘When [ went into the st
d}ls .wor_kcr was using 2 la
1PPIng it into a large bowl
3¢ then slapped on the
rase off. On this partict
t\'ngvcd_ the idea of sertin
?:g:m;:!y. pdcrhaps. blew @

1. m, directly opposi
Mterial and blew )!hc pl'?Jme

N\
{“‘ He got cooled, and 1

"1 asked the foreman wi

- paterial, and he s3id he didn

u‘}:sé“k material, perfe
fnow 'hcw.. I. said, “\Vejl,
"P"e(t'“ at it is" So there
g o2 Of routine, \Ve

e n the vard, ¢
ot 3 fashlight,

enzol marked “]

finally o

0%, ng one ;
n 2]
*ere dain . ¢ In that slop

o ihere were 3 ¢
tactbd_domg the same
£°'.‘ h‘“fﬂ&n-}. had ney gotten t

N

0US thing about
4t in another




L report clasge

rts per million
1anol or woeq
S may have 3
-ause blindness.
rethyiene, tris

has dropped to
e carbon tetrs.
de. .

3 parts per mil.
cne; and finally
stunately, acty-
vent, is 5 par

remember tha
.t concentration,
adiction to the
en given, which
lls. These sol-
1ple suffocation,
rsed space, ‘such
- element of the
. is the fact that
5 system because,
are ’ slvents,
srge. .ade wp

e, so the nerv-
iTected. \We have
the cve, one of

nervous struc

nervous system
bility to walk

some of these
e liver and i
ight's disease. k
hetn may caui¢

st solvents ard
is not includ
trachlorethylert
industry in the
ability to attac
‘luding the heatt
to be a contam™
- solvents. It b
bly the forme®
viene was f”.‘\
ivlene had oné

important thie}
h the con“’?l o
re dealing wit

stance  and -
{that fact 1

‘:n}’o"c in the factory. We of the medical
.o rofession have always felt that we like to
" put our cards on the table. \We kuow that it
7153 great deal simpler to follow the ancient
';-ixi"‘" and tell the truth. So that I_admxre.
. for instance, the benzol company which puts
I en its barrels, the word “Poison.” I am not
7 1 2 position to know whether they more o°
“oless did that be.causc they were told to, but
“£ [tmow they do it.
.| think there are many othcr companies
ihat should put the same label on their prod-
wcts, In this connection I would like to tell
2ol a case that I was asked to see, where a
 goung boy, in the middle of the summer,
#rorking in a shop which made motors, sud-
‘= denly became very sick, had severe headache,

z

“was dizzy, and had to -stop work. He was
1r‘,Li-m-king -with a substance which he regarded
L35 harmless.

! ": . -
*>IWhen I first heard of the case I insisted
"¥] would want to see the process and sce the
 eplant and get my information firsthand
wyather than attempt to talk to some foreman

..

) :‘by telephone. (The medical profession as a

““xhole is learning that it can only fulfill its
fesponsibility by demanding the right to
know all about the exposurc of the patients
that come into their hands.) .

> When | went into the shop 1 found that

- «this worker was using a large paint brush,
.-dipping it into a large bowl of lquid. which
be then slapped on the motor to get the
frase off. On this particular hot day he
evolved the idea of setting a fan, which
ordinarily, perhaps, blew the fumes away
-from him, directly opposite the bowl of
~ materia] and blew the fumes directly in his
-{sﬁfﬂ& He got cooled, and then he got sick.
=1 asked the foreman what was in that
Raterial, and he said he didn't know exactly;
B was stock material, perfectly safe. as far
2% he knew. T said, “Well, T would like to
W what it is.” So there was considerable
- Usetting of routine. \We finally went out
Bl 2 shed in the yard, completely dark;
¥¢ finally got a flashlight, and we found a
Rrrel of benzol marked “Poison.”

“:30“'. no one in that shop knew what they
_':C doing. There were a dozen other work-
(onQCh doing the same thing but who,

gThC curious thing about this particular

1 . .
D Was that in another department, not

| e —
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more than thirty feet away, they were doing
spray painting, and they were doing it prop-
¢rly. Instcad of exhausting the spray over-
head and ULringing it right back in the
worker's nose, they had their suction under-
ncath 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.

p

Again | demanded to sce the shop. We
found he was spraving 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

material, 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 heart was
zoing very fast.

Well, this illustrates one other sample.
This was a large corporation. Yes. they were
using chloride. Finaily, after great difficulty
and having to go to the treasurer of the
organization and going into the files we
found that this was a material which they
had bought from a supply house in another
city, and they did not know what was in it.
We fnally found out it was ethylene di-
chloride.

The course of that individual is interest-
ing, in that we put him in the hospital. It
eventually cost that company quite 2 lot of
money. I was in this to find out all T could
jearn “Zbouf “the” action 6f that particular
substance. I put the man in the hospital three

r four weeks and did a2 number of delicate
tests on him.

Well, he came through, and interestingly
w¢ found that he had an opportunity to de-
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velop a2 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 =ad a weakening
ot the heart muscle. \Ve Zound a definite
loss of the reflex in one ankie-joint, showing
a definite involvement of the central nervous
system.

\Ve 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, [ was sceing him not for
himself but for the company. [ think 2 good
many of them thought T had been a little
generous to this malingercr. This man went
ahead and got a large sctilement. I don't
know anything further about the case except
that [ did hear that the man died and that
the death certificate said “cirrhosis of the
liver and heart failure.” Uniortunately, 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
sertously disable and kill.

I;cad in Industry

As a preface to the subicet of lead in in-
dustry I would like to say that I am 1ot
specializing entirely in industrial medicine.
I am onc of that increasizy group who feel
that industrial medicine is not a specialty in
itself but is merely a division of intcrnal
medicine or diagnosis, large field of
medicine which in privaiz practice corre-
sponds to or is correlated with the field of
general surgery. [ am glad that a large pro-
portion of my practice is :ill private prac-
tice. T am also consultinz medical director
to one of our industriai congerns in Mil-
waukee, with hranches over the country, so
that 1 have an opportunic to sce lead and
other toxic matcrials.

\When vou sce a man -who has «aid, “I
have lead poisoning,” do -ot forget he may
have come other disabilizies and discases.
such as acute appendici gallbladder, kid-
ney colic and so forth. I~ my private prac-
dce my inter®$l~has neentaarpermed <o-that
T always make an cffort - take a very care-
ful occupational history <n a paticnt, even
though he may come to == purely as a heart
case, lung case or what-hzwe-vou.

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

plants, when T came there about gey fearg
ago we were having an incidence of ébou-
24 lead cases per 100 emplovees per )'mA
which corresponds pretty well with the kr:
centage of 13 to 16 reported by the Public
Health Service in work about that time,

In five years, by cooperation with the
medical department, the engineering depary.
ment and managemen:, we dropped thag "
an incidence of 2 per 100, and for the pag
fve years we have had no cases of lead
poisoning at all. We are still handling leaq,
and we are still handling it in large amoyngg.

[ think that in the storage battery indys.
try, probably, men are exposed potentially,
at least, to the greatest concentration of jead
for absorption dircctly into their bodies thag
in any other industry. { am giad to repon
that, having followed this particular group
of workers of about 80 for this period, &t
the end of ten years they are certainly just
as healthy aund, in many respects, 1 think ;
healthier than the general run of the pope
lation. Of course, we have reduced ther

lcad absorption, but at times it will break®§

down the physical resistance and respirztor;y;'
protection. They occasionally have largex:
dases of lcad. Many of these workers were”
persons who had had lead poisoning or seri
ous lead absarption in the perind of ¢
servation.

called poisons in well over 200 industries.
[ think there is no doubt but in the fargt’
industry the hazard is well conzrolied. First
of all, it is recognized and then every effort
is given. No cxpense is spared to study the -

men and to reduce the continuance of a7 |}

exposure, However, in the small industey.,..
which is the major portion of industty 8-
this country, lead is continuaily cropping w
and even silicosis, which got the cr:nterro
the stage in recent years, certanly 10 Wis--
consin, has now taken a back :tep, and ¥
has come back into its own, together ‘“.___‘,
the ever increasing use of solvents.
I would like to stress again the daﬂg‘i
here is one of non-recognition, that we hav
outr trouble in the small plant, not lﬂl
large plant. I will rapidly run throug ezz
types of industry where T have seed i
poisoning occur and in which 1t 1S an
portant factor.

The most important is the
industry. Then the streamlining
mobiles and trucks where, arte
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, coursc, as many of you know, they were at

; ibom frst smoothed off by lead paste which, after

. it cooled, was then ground by machine
The 2. inder and produced a great amount of
< per. Enely divided, inhalable dust. This brings up
. Public he fact that the most important hazard in
time. e lead industry is the point of inhalation,
ith {he Remember that fcad dust inhaled is much
depan. more dangeraus than swallowed, and that
that < v rarely are lead compounds absorbed
the pagy 1 < ‘through the skin, perhaps with the one ex-
of lad | " pion of tetrachloride fluid which is an
g lead, '\ organic and fat soluble substance.
‘mounts. i 1 is rather amusing that many plants,
v indus. r-_' smaller plants, particularly, have had to
Lentiahly, ) .= give up machine grinding of weided joints.
roflad b i Rese is 2 return of modemn industry to the
lies than  [:i%porse-and-buggy stage. They are going back
"0 repont ['.xin hand filing where, of course, the particles
IT growp e heavy and are too large to be inhaled.
eried, 3t L%qpe problem can be licked, however, even
'ﬂIl)‘ }i,ust 3’-],, machine grinding, if one uses respirators.
think

:% It has always been said that lead poisen-
Lore.

l:l p&pg- g was very common in painting. My ex-
. br:{' -¥&¥perience in ordinary painting nowadays is
;pimary g ‘n'is very rare, particularly on inside painting

-fauhere lead has been substituted by other
B abstances, such as titanium, zinc and so

gwever, lead is still uscd, in many instances,

£ ob- v R ;
d 9_,.;"7 FMbecanse it is the onc substance that will
5 ST EE d the weather,

ere we come again to the question of

d:il."-. g% mely divided, inhalable dust where men
od First “’i'ém off old paint in private homes; not in
~ry effort ;"%.!IF large msta.llanons..of course, or sand,
cady the L ;‘uthu by machine sanding or by hand sand-
. of any g There we have the question of fncly
industry. |5 Givided dust which is inhaled. You must
lustry @ ¢ Femember that dust when inhaled passes di-
\ping U9 redtly into the system and immediately cir-
-onter ¢f ‘culares throughout the ertire body.
in Wi |7 T make 2 recommendation, therefore, that
and lezd amy worker that has gotten his lead by burn-
ner with ®g off or sanding, be given a respirator for
} t purpose, even though he is an outside
. dmgd' er,
we h‘-‘: In the wrecking oi old huildings and old
ot in HY - J3Ps, of course, there is the constant pres-
ough 3 7 .EXe of lead absorption when the steel has
ccen 160 e Coated with several coats. It ideally
< an W ~7i0Mmg g fume which is so fine as to be al-
-8 invisible and is absorded directly into
o battes § o % S¥stem, The only way that a worker
ur aster t-CBE tha.t <an really protect himseli, in my

L 13 to use an air-line respirator. |
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have seen 2 great many tnen in one particu-
lar type of ship industry, cutting up old
ships outdoors in mid-winter, and I have
never seen men leaded up so rapidly. Of
course, this is an old story. The Navy
found this out twenty ycars ago when they
scrapped many of the old ships. Unfortu-
nately, some people in industry, as well as
doctors, are not very good on keeping up
on their own work, by rcading, and experi-
ments have to be made again.

In the smelting of lead or zinc ore and
scrap metal, lead poisoning occurs. In pot-
tery making where a glazed mixer is used,
one most usually is exposed to lead. In the
printing industry we have heard a great deal
of lead poisoning. :

I had an opportunity recently to make a
survey of a group of printers with the Wis-
consin Industrial Hygiene Unit. They went
into an analysis of the air, and | examined
the men. To be sure, our list was not large,
some 30 men in fourteen different printing
establishments, but it was striking that alt
of these men were in excellent health and,
as far as I could see, there had been no
great deal of turnover,

However, there are one or two spots in
the printing industry that are danger spots:
that is, of course, the man who remeits the
old type metal or who saws it, if he uses a
machine saw. I think it is interesting, going
through our records of printers in the State
of Wisconsin, for a great number of years
past, we have had only three cases, one of
which was really a serious case, and that
man was anc who remelted—he was the for-
gotten man, worked down in the basement
on a kettle, where nobody paid any atten-
tion to him, and there was no protection.

In passing, I will simply name soldering,
and that occurs very frequently even in the
evaporated milk industry out in the country :
tempering of metals, brass foundries, ink
making, insecticides. This potentially may
occur in lcaded stcel when it is scrapped.
Then T would class as the final one, the
risk which says they have no lead hazard.
That is the place vou should leok particu-
larly.

As 1 said, the important portai of entry is
through the nose. If we bear that in mind,
the problem of control of lead poisoning is
really not difficult. If, of course, your en-

oinears reducs the-exposure to LS milli-

arams, [ don't think vou will have a ¢ase ot




laul possanimg. However, ws a matter of
pructieal interest, | think it 15 very difficuit
to wet there m ordinary industry, and T
would more or Jess formulate 3 as a safe
level. | think it ha< also been found by other
workers. However. if vou get over 3 vou
certiuniy have the pos:zibility of serious lead
abxarption.

[ want to emphasize that merc lead ab-
sorpion does not mean the man has lead
poisoning. He may have a lead line, may
have lead in the urine, .08 milligrams per
liter, Lt that does not make lead poisoning.
That is merely evidence of absorption. He
must have. in addition, clinical symptoms of
oue of the thiree types of lead absorption.

As a final 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 direct to him with any prob-
lems that arise, and hefore any new pro-
cedure is used or any new chemienl, have a
conference with the physician to see whether
there 15 any possible danger, whether there
are volatile soivents or lead, o that the

. danger 10 the men may be prevented before

it happens.

I am not making a plca for absolute sub-
stitution for and avoidance of the use of
tead. T think industry cannot get along with-
out the use of lead, cannot get along without
the use of a number of these soivents; but
if industry is forewarned, and if the worker
is informed correctly so he will 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 wecks, then there nced occur
no occupational disease in industry.

CHAIRMAN PAINE: Are there any
questions on either one of these suhjects that
vou would like to ask?

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

DR. BELKNAP: A5 far as [ know, there
is no ill effect {iotn thetinhaiation of kero-
sene.

R. S. SKYRM (Employvers Liability As-
surance Corporation, Boston): \Would Dr.
Betknap recommend the direct venting of
lead pots on linotype machines. where the
pots are electrically heated and thermo-
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statically controlied o the temiratre o
the lead does not exceed 300 degrees? !
DR. BELKNAP: That is a good prac
tical question. As we know, Icad melyg ;(;
much lower temperature when volatilizeq.
In my experience, lead does not really vola.
ulize until around 1,000 or 1,100 degrees,

In this group of workers that [ am fol.
lowing, some vears ago, large lead pots, twp
or three feet in diameter, were unhooded be.
cause of certain changes in technical pro.
cedure, and the plant never got around g
the hood. 1 disapproved of that and re.
neatedly said they would have cases of Jegy
poisoning there if they didn't hood. They
said they would just as soon as it was prag. -
tical. It has never heen practicable, and |
am here to say we have had no lead casss
develop to the point of disability, and we :
have had very little lead absorption resu &
from that. The same men have worked thers
for ten years, dipping lcad out of the pat, &

incidentally, at temperatures ranging usually %
from 830 to 950 degrecs. In this group of **}.

linotype workers we faund no evidence of '
lead absorption in somc of the shops wherég
they had no suction. T would not say in m
own experience that hooding is necessary at
300 degrees. A
MR. CARR: 1 wonder if there is any
cevidence to indicate the toxic fimit for butyl
alcohol could he raixed above that givenl’
\We had expericnce over some twenty year 'S
with the same group of men, working
concentrations from 200 to 400 parts per’
miilion, ard under careful examination lhﬁ";{
have shown no indication of trouble. T
One other question is whether much work
has heen done on toxic limits of dioxene! =
DR. BELKNAP: [ think Dr. Hamilloa "
will have :0 state if she recalls whether we™
have toxic limits established for dioxene - =
DR. HAMILTON : Dioxene is the trade™
name for diethylene chiloride. No toxic fimit -
has been established for that. \We CODSIdCYH ,
it a fairly :afe solvent until some very 9%
astrous cases occurred in England fro® .
over-expcsure, causing fAve deaths. Since i
then we have looked upon it with 3 89%°
deal mors suspicion, There has not .
cnough work dome on it to cstablish ,my"».
maximum allowable concentrations. |
DR, RELKNAP: Tn resard to buty! 2
cohol, the butyl radical acctate is much
toxic than cthyl or methyl, par(iCula\“YZ .
I would be interested in your point 0 nes

>
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[ think probably it could he made at safc
foits.

MR, GUMMAR: I want to endorse com-
kle\) the principle of maxnmum clearances
,( safety standards in engineering, but they
gould be based on factual data. As regards
pluene, there have been enormous quantitics
ged in the lacquer industry since spray
pinting came into use. It is sprayed into the
4 as fine mist, and even though it evap-
orates at a slower rate than benzol, if you
uhale the mist, you get severe effects, if it
3 toxic.

I have employers in four states, New York
Sate, New Jerscy, Ohic and Connecticut.
xho for the past sixtcen years have not had
any reported cases of chronie toluene poison-

og; yet Ohio in the past sixteen ycars has
‘lad over 69 cases of poisoning from uaso-
\Bne in the petroleum industry.

"‘As to the experimental results, T can fnd
“‘go experimental data indicating the toxicity

“should be such a low value, Some of the

confusion arises from the failurc to dis-

tinguish between chronic and acute poisou-

“mg. It is a fact that in extremely high con-

eentrations, toluene and xviene are more
toxic than benzol; that is, if you go iuta a
chamher where there are 20,000 parts per
million, vou would he uncouscious quicker
from tolucne and xviene than vou would
with benzene, hut that i< an entirely separate
phenomcnm; from the <law chranie parson-
ng.

CHAIRMAN PAINE: The next topic
will be “Skin Affections”™ and that will he
handled by Dr. M. J. Reuter.

Skin Affections

DR. 3. I. REUTER: When we consider
o what cxtent the <kin of the worker i
txXposed to injuries, the action of chemica:
Irritants ar.d the various infectious agents, it
is not surprising that occup'monal skin di
€ases are a major problem in industry, T
United States Public Health Service est:-
Mates 69 rer cent ox occupational discase-
e skin doveis®s. Thev carsied out a sauds
in 100,000 workers and found. in the cours:
ofa year. tiat one per cent of these worker
Were affected with seme skin disease as &
result of pigjr work. This did not incl
s nf acids and alkalis, and ¢

infecticns of

| i
ihrasion:
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The problem confronting the physician is
to determine the relationship betwceen: 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 arc many predisposing causes of
occupational dermatosis, such as uncleanli-
ness of workrooms, of clothes and of per-
son. Previous skin diseases as, for example,
eczema. are potent factors, because individ-
nals with eczema react seven times more
frequently to external irritants than non-
cczematous 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 vuinerable
to irritants than oily skin.

The skin of certain parts of the body is
especially sensitive, for instance, that of the
evelids 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
lesions. These factors include bruises, marked
sweating and maceration, profonged cx-
posurc of the skin to water and cspecially
to atkalis and repeated scrubbing of the skin.
These agents tend (o remove the normal
protective coats of the skin, that is the outer
harny laver, and thus expose the sensitive
epidermal cells directly to irritating material,
A\ point Tairly recently emphasized i¢ that
individuals with common athicte’s foot are
much more pronc to occupational dermatitis
of the hamds. Apparenthy this infection of
the feet acts as a sensitizing factor,

The actual causes of occupational denua-
toses are mechanical. physical and biologic
acents and chemical irritanmis. Mechanical
awents produce bruises and laceration:, 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 heat and
vold, either dry or wet, clectricity, ultraviolet
rave, cither from the sun or artificiui, and
x-ravs or radium.

The hioclogic azents arc the commen hac-
weria, fungi and parasites,

For the most part, however. occupational
aifections of the skin are tite result o
tact with irrttants of a chemical
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usually acids or alkalis producing sumpie in-
fammation of the skin.

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

CHAIRMAN PAINE: This is a subject
in wnich 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
postulates 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 be
established.

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

“Fourth, there must be a reasonable time
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.

12 -3

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: I 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

———z%i of thé urinary bladder, and so on. [

think that subject is highly complex, but I
think it should be brought to your attention
that in the dermatology of today we deal
not only with dermatitis but also deal with
tumors.
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DR, REUTER: I have had very fing
ccasion to pass on a question ot cancer o“
the skin arising from alleged contact with
some carcinogenic agent. .
C. T. DENSMORE (Koppers Co, 5,
Paul, Minn.): I would like to hear 3‘ﬁnk
atout the cffects of coal tar and CTe0sope -
olis in relation to cancer and what. :
and also the inhalation of the creosote N
pors . o

DR. REUTER: Regarding the develop..
ment of cancer from coal tar and ¢r »
[ bave had no experience. We do know that -
coal tar is the nearcst to the skin and dou
produce an inflammation about the hait
foilicles called folficulitis. It is undoubtedy?
due to the plugging of the follicles with the |
tar and perhaps some stimulation of e~
epidermal layers of the skin from the gr -
which scts up this inflammatory reactin:}
around the hair follicles. I think the same §
true with creosote. But, regarding the actml
development of hypertrophic lesions of theS]
skin, particularly cancer, I have had no ¢
nerience, 2

DR. BELKNAP: As for creosote, I hare;¥:
had no actual cases brought to my zif#
ion. As far as [ know, the fumes \voulgl'
no more irritating, possibly, than causing §2

™

5y

cinogenic results.

=i

CHAIRMAN PAINE: We will"k‘_-

2nv other questions to the cnd of the &2
:ion and hear Mr. H. A. Nelson, Indusgl'l'g\;-
Cammission of Wisconsin, on the questioti-§ .
“Should occupational diseascs be consi y
=3 industrial injuries ?" ;

Disease Vs. Injury

H. A. NELSON: Mr. Chairman: °%
-zestion which I have been assigned & ";;
c2otible of treatment in scveral w3y ",
:2n treat it in a highly technical way "t
<aibble about the court construction o8 ™
word “injury” or we can treat it if al%" ,
«ral way and ask whether occupationd oe b
szses should be compensated. That 15‘l
-=a] crux of the question today.
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¢ of industry just as clearly as does an
secidental injury. There are various ways of
geeling the problem. One, of course, is to
do rothing about it and that is what about
dghteen states in the Union are domg: They
are mot_compensating occupational diseases
3t all. Out of the other states there are a
“few which are compensating all occupa-
“tonal diseases, and some of them are com-
. pensating by schedule.
. Now, schedules are usually designed so
“that there are a great many discases which
-gre named, but very generally you will find
| that they leave out the one occupational dis-
twase which causes the most disability. For
I example, silicosis is left out of 2 great many
fof -the state laws which have schedules.
STperefore, silicosis, which is a serious oc-
b5 cupational discase is not compensated.
F542 When we go back to the prime principles
22{ workmen's compensation, we wonder why
- Uthe ' compensation fathers didn't face the
§!1ucstion at the time the compensation acts
F Cere passed. That was the time to do it
FFither through inadvertence or, in some
' ““cases, through design, occupational discases
‘were left out of the laws pretty gencrally,
but accidental injuries were to be compen-
sated. | think that was largely because of
the rather violent split from the old cormimon
law system and leaving out of consideration
the question of negligence. It was a rather
violent split, but it is surprising that in all
of these years occupational diseases still re-
main uncompensated in 50 many siates.

When we consider the nature of an occu-
?ﬂt}O;le disease, which is usually a slow,
tsidious process, over which the man him-
‘df.. the emplovee, has no control, but over
vhich the emplover, as these physicians
have told you this morning, has the entire
bower of control, therc scems to be onc
hundred times more reason why the em-
N°Y$E who cannot protect himseli in any
’ms‘t?le way should be compensated for oc-
Supational discaze rather than for acciden-
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employees who have this accrual of dosage,
it may be that in periods of depression thc
expense to him will be rather great for the
time being, and that must be met in various
ways. Employers are humanitarian. Most of
them would like to do these things but they
are also in competition with each other, and
that means there must be laws and regula-
tions for the compensating of occupational
disease if the job is to be done in a satis-
factory way.

Another reason that is often given is that
industrial commissions and accident boards
are unable to decide the question of occu-
pationa] disease, as to causation, between
the process and the final condition which re-
sults in disability, I think that is a rather
fatuous objection, in view of the develop-
ment which has been made in medical sci-
enée within the last few years.

1 think those questions are no more diffi-
cult to decide than the questions of aggra-
vation of pre-cxisting conditions which are
clearly under the law, if we may ascribe
them to accidents, and also to the obscurc
conditions which are ascribed to accidents
and as to which compensation heards and
commissions have to make decisions every
day.

Can Stamp Qut Disease

But the most glorious thing that has been
accomplished by cccupational discase laws is
the faet that emgiovers have become con-
scious of the fact that they can stamp out
occupational disease. I am glad to sayv that
in Wisconsin we have practically stamped
out silicosis, that in a few yecars more it is
zoing to be practically a negligible thing,
Dr. Belknap has sitown you lhow lead pois-
oning can be almost cntirely eradicated.
That is the glorious thing whick we have
achieved throush the passage of occupa-
tional disease law: I want to give a very
few fizures showing the drop in siiicosis in
the State of Wicconsin since 1935 10 1939
These fizures are the percentage:s of com.
pensation which were paid in stiicotis cases

ure was 9.4 1932 28; 1935, 7.0 thien S and
2 and .9 per ceas and, in the veur 1039013
per cent which s Reure i cetting niout
on a level
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cas¢ be cempensated. The trend is coming
on. [ belicve that industry and socicty will
be gratified when the problem lias been
solved by whatever methods may be adopted
and suited to the different states.

CHAIRMAN PAINE: Are there any
questions vou want to ask Mr, Nelson be-
fore we gzo into the general discuss'ion?

' ADOLF AMRAM (Hamiin & Co.. New
York Ciry): \We passed a compensation law
in New York State some two or three years
ago. Perhaps you recall that first we passed
a most illogical law, the all-inclusive act
which acted most disastrousiy 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
35 ahsolutely right and proper the compeu-
sation act should include silicosis, but it
should include silicosis on a schedule hasig,
as [ think is the case in [llinois.

MR, NELSON: All states are not as
fortunate as some other states. I think we
are showing generally throughout all of the
states that the problem can he soived.

Protection for Welders

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

' I. S. GREEN (Edgewater Steel Co,
Oakmont, Pa.): I would like to ask to what
extent an ordinary welder in a swmall plant
should be protected? Ounce in & while there
will he a hardening material which has
poisonous results, Other times there will be
flame cutting of paint on a product which
will raisc some noxious 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 ask Dr. Walsh to answer that ques-

ey "-1\~'*'H'On. -

DR. \WALSH: Within the past couple of
vears we have had occasion to zo over a
aroup of ahout 1,000 welders., Of that group
satne 300 have been welding for ten or more
vears. They were gone aver from the clinieal
point of view. X-rays of the chest were
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taken. Disabiiity due to sickness over
ten-year period was calculated and seep
cach individual man. There certainly s
niarked difference in sickmess rates ang no
disability rates in the welders as COmparS
to the generai run of emplovees working 5
their side in the same plant and in the |ame
cconomic situation.

the
for

When you are considering welders who
are cutting painted tnaterials, lcad-bq,i,,g
paints, or wno are welding in confined
spaces, you have a different problem; py
for the ordinary welding group, working in
a large, airy room, with ordinary preey.
tions and ventilation, their health is just 4
good as any oier group of workers, [f they
are cutting gant or toxic coa(ings of a.n;-
kind or lead-Learing steel, or if they are
working in a confined space, thien additional
respiratory protection is necessary.

So far as tiie question that was rampanst
a few ycars agzo, 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 '
a few of these individuals who have been™
welding for long periods of time in confined 7
spaces, usualiy. They did find there was an%
increase of iron in the lung but no fbrosisT,

causing harm. T

Recently, we also have cxamined another:”
group of weilers, that is a variant of the!
welding tracde. scarfers, in the continuous
production ¢! steel. Thesc scaricrs use 37
long torch azd blow out the deicets in the -
billets rather than chiseling them out. This.
group also, wiile it is an infant in the group
ot welders, zpparently have no health haz
ards of anv consequence in their trade Ie
other words. | think if ordinary preau -
tions, so far as ventilation and so forth ar
concerned, need not he concerned othef
than if we are using Jead or chromium o
some of the :axic materials.

CHAIRMAN PAINE: Dr. Enzer wil
speak for a minute on the subject and then
Dr. Pelknap will follow him right up.

DR. ENZER: I want to scize the oppo”
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scon who might boast of a 99¥ per cent

recovery rate from a specific operation, the

{ndi‘.;dua! who happened to belong to that

per cent cops.titutes 100 per cent mortal-

ity for the individual. There is a very sharp
*- contrast therc.

Now, when we talk about safe Hmits of

toxic solvents, safe limits of toxic agents,
afe limits of an industry, we must remem-
“ber that the problem is not going to be
“wolved by a blanket generalization of a
: problem, but by a careful gnc! meticulous
analysis and study of the individuals ex-
_posed to the industry. 1 know of no other
way that this can be done except that in-
dustry realize that the profession of medi-
. dne forns the keystone to the solution of
i {hese problems. .

‘DR BELKNAP: [ simply wanted to am-
.+ plify what has already been mentioned, and
- that is when a welder or cutter works on
“fmaterial that has been painted or coated
“with lead, he, of course, probably will ac-
2iquire lead absorption in a scrious fashion
%‘a_bout as quickly as, if not quicker than, in
*Xany 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
vse such a respirator. In my own particular
series of cases onc of our cases of lead ab-
sorption was a welder who had been re-
pairing some ovens comtaininz a large
amount of lead.

Also, T had occasion recently to see hali
2 dozen cases of cutters who were cutting
9 tanks in a large chemical plant. These
steel tanks had been lined with lead. They
coul.d not understand why the men were
getting lead. They went through the lead
with 2 torch 3000 or 4000 degrees and theyv
3559fhed lead exceedingly rapidly. It is not
3 difficult question to solve at all but it is 2
Matter of having perfect confidence in what
the work is for and preparing for it

.-\IR. CARR: In connection with welding,
W have had instances of zine chills from
%ork on galvanized iron. \We have also ha<
~Mlows~tresoisonite from the use of

“ated electrodes.

'ella(i\::o;”d nls(z like to cail aucx_uinn o &
ean: i,\' new (:c\‘clnpn:lcnt, zh:_\t of the flanwe
use ~';\ ot m_clnls betfore painting, l)y_t!
5-""11)?{ 2 <pecial oxy-ucetylene torch. 1

€S previously ~ammed metals s wedl
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as those which simply have mill =cale on
them.

R. J. WOODHOQUSE (Continental Cas-
valty Company, New York City): [ had a
case a short time ago that [ was called upon
to investigate. The man worked in 2 small
printing plant where he was assumed to
have contracted lead poisoning. After mak-
ing impinger tests which proved negative
an award was given by the commission 1o
the widow in the amount of $13,000. The
lead was melted around 650 to 700 degree:
and the experts proved that toxic fumes
were not liberated.

I wonder what yardstick the referces uscd
to measure those cases, in the face of such
expert testimony,

MR, SKYRM: I would like to know the
relation 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 2 question of whether i

itself it is not an irritant to all people's
skin,

We used to think we knew the cause of
potson ivy dermatitis, but more recent work
has tended rather to disprove that we do
know the actual cause of what it ix in the
plant that produces dermatitis. Apparently
it is a water-soiuble fraction rather than .
otl.

Its relation 10 occupational discase de-
pends on what the individual is doing, 11 he
is exposed to it in his occupation, for ¢x-
ample, as a farmer, \VPA worker, lumber-
man or any occupation that keeps an indi-
vidual out-of-doors, and he contacts poiton
vy, it certainiv would be an occupationai
discase. Potson vy dermatitis is apt to he
a1 much more violent dermatitis than that
from hemlock.

CHAIRMAN PAINE: Mr
will you repeat yvour question?

P. \W. GUMAER: The question was, what
is the basis of the comparatively low maxi.
mum concentrazion of toluol in the abzence
ot any reported oecupational discase cases,
and are there amy experimental dita 1o war-
rant such a low concentration where ueh
wxperimental 3 deals with chicomie pesei-
feroaitd not witls 3cute poisossinet

Gumaer,
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this venulating current be interrupted for a
period ui 24 lours and with the same
amount of methane being liberated, there
would be 5.700.000 cu. it. of explosive mix-
ture. Should this be contained in an enirv
10 ft. square, the length of the entry would
he approximately 11 miles.

Methane detectors are uow available
which will automatically indicate and record
percentages of methanc. One type may be
located in working scctions 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 cxample, at 1 per
cent or any specified percentage between 3
per cent and 3 per cent, it will operate
special clectrical 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. R

Although the attention of those interested
in discases peculiar to mining has been
focused recently on one dust discase—sili-
cosis—other respiratory diseases may <ause
more suffering and economic loss. The in-
creased incidence of these discases usually
is attributed to exposurc to abnormal air
conditions underground, such as sudden
changes from high to low temperaturcs, ex-
cessive dust, and noxious gases. The prin-
cipal respiratory discases 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 in-
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, to
the inhalation of irritants such as dusis
(organic and inorganic). Occupations that
entail exposure to atmospheres polluted by
irritating gases carry with them the risk of
bronchitis. According to Collis,' it cannot
he distinguished clinically from bronchitiz
occurring among the general population and
its association with the inbalation of dust
or gases usually is unrecognized.

J9th Nationa, Nurcty Congress

wive warmngs in other parts of tle Mine
to the outside. Methane recorders jor co—f
tinuously indicating and recording mtlhzr:
in main returns particularly have beep per.
iected recently and are designed to be lo
cated 1 fan houses or other Convenjeg
places.

There is no reclation between the Volume
ol mcthane given off in a coal inine and
the chemical composition of the coal, ag boty
hituminous and anthracite mines prodyg
methane, and methane has been foyng P
metal amd other mines when tunneling
through carbonaceous shales. The commey
occurrence and explosibility of methane
responsible for numerous mine disasters 3nd
vvery precaution should be taken to keep it
within safe limits. This can best be doge
by the use and guidance of methane detee.
tors. B

During middle life bronchitis causes mocd
recurrent invalidity and incapacity. Morta-
ity records compiled by Collis® indici-
that it is of a chronic traumatic origin asse-
ciated with irritating atmospheric Fqn&__
tions, rather than of an infectious ongia .

Statistics for bronchitis for the genca:
population and for workers exposed to duss

in Great Britain® for 1921-23 show the rok
played by dusts in the increased incidence
of the discase in certain industries. T
comparative mortality per thousand (352
26 to 03) for those in occupations expo

to siliccous dust was 214, for those expos
to nonsiliceous dust 59.5, and for the 5=
eral population 49.6. /See Table 1)
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In a study by the United States N
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Mining Section

ple 1.—Mortality per 1,000 from Bronchitis in Dusty Occupations and in the

General Population, by Age Groups

» ations exposed to

Sliceous dust. ... ...
:-'i!onsiliceous dust...

Ceneral population.......

Comparative
Ages at Death Mortality
Figurc
20— 25— 35— 45— 55— 20—65
1.1 1.0 13.7 44.6 183.7 *214.0
4.9 12.8 41.8 59.5
.. 0.5 1.7 5.4 13.3 28.8 9.6

ficher, Okla.* the highest

@is or tuberculosis, or
N .
gaong men who reported

- § dtis, pleurisy, and asthma.
B F

o1

:

&bfe 2.—Comparative
%_ior Bronchitis per

&,u; were found among 344 employees of
o anthracite mining companies examined.
;.71; the study conducted by the Bureau of
\es and the Public Health Service at

incidence of sili-
both, was found
having had bron-

Mortality Fig-
1,000 of Certain

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 50
per 1,000, Among all occupicd males aged
15 years and over, the rate from influenza-
pneumonia 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-

N \;;Groups in England and Wales minous coal miners was about four times as

—— high as among all occupied males in the

}1} miners!, .. ... ... ..., Bronchitis “*m¢ 38¢ group. (See Table 3.)

‘;i_'l‘-" underground workers.... .. 112 Influenza and pneumonia, as reported,
-d“’,ﬂ’s and gelECIl'S»l ----- 139 were responsible, in the years under study.
m ;:‘pis:é“:ns(‘?cr‘:ﬁfcgsimcs ;8 for 31 per cent of the mortality in the group
fatio of rate for hewers and g‘c‘t.- of bnm.mmous .coal miners at ages 16 to 70
-tersto rate for samie social class. 302 in Indiana, Missouri, and \Wyoming com-

!1n three counties in Wales.

% among Bituminous

Tible 3.—Influenza-Pneumonia Mortal-

Coal Miners—

October to December 1918

Annual Death

Rate per 1,000

)
-anic EC i

LRy
Uteen ¥Yeara and over.

pared with 19 per cent among both farmers
and “all other males” at these ages in the
samic countics. (See Table 4.)

In 1918, the year of the great cpidemic.
influenza and pneumonia deaths constituted
35 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.
Thesc percentages were not as high as the

e Periog figures for Wilkes-Barre. The fact that the
Rituminous | All Industrial soft-coal counties under consideration are
A Coal Miners | \White Males largely rural arcas may have made some
ges! 50.1 . difference.
15-25 295 17.5 In the cpidemic year 1920, the proportion
,L_—qzéﬁs.—--__..woz,l 32,6 of deaths from influenza and pneumonia -
3-65 4.4 117 ~was smaller than in 1918, but, as was foung

ior the anthracite miners, the bituminoy:
«roup showed a wider difference in the pro-
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Tab.lc 4 —Percentage of Deaths from Influenza and Pneumonia (After D
Accidents) Among Bituminous Coal Miners Compared with Farmers, ang Wi
Other Males in the Same Areas of Several Soft-Coal Producing Stateg !
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th

[}
! Ages
Male Groups Under |
Comparison [ 16-70 | 16-30 | 3140 | 4150 | 31-60 | 6150
[3ituminous coal miners. ......... f Ll ] 404 44.7 3000 197 | gy
Farmers....... ................ S B0 A S O N T S F O T
Allother males. ... ... ........ [ 186 | 300 1 290 | 160 | 113 | 103

! The death recurds for soft-coal miners were obtained (rom 1S coal-producing crunties of Indiana, 197
20. inclusive, 8 cnal counties of Missouri. 191721, inclusive, and the 6 princinal cual-produciag coyn &
of Wyoming, 1919-23, inclusive. The record (or farmers and {or "4l othcr males” was obtained {rom “:'
ahnve-mentioned coal-mining counties, and aiso fram J acricultural ¢counties af Wyoming, the

porton of deaths {rom this cause compared
with “all other males” than in 1918, The
percentages i 1920 were 29 for the soft-
coal miners and 10 for “all other males.”
In this epidemic the bituminous miners at
ages 40 to 60 suifered heavy cxcess mor-
tality  from influenza-pneamonia, bLut the
differential mortality was not quite so great
as at azes 16 to 30,

Among hewers and getters of soft ¢oal in
Engiand and Wales, the death rate from in-
flucnza 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 crror of the difference which is
certainly a significant variation.: Thus, an
ahnormal mortality {rom influecnza and
pnctinania is censistently indicated among
miners of coal—hoth anthracite and bitu-
minous—in Engiand as well as in Anmerica.

The pneumonia mortality figures in 1921-
23 {or occupations in Great Britain cxposed
to siliccous and nonsiliceous dust compared
with those for the general population were
given by Collis® as 134.3, 76.0, and 85.3, re-
spectivelv; similar figures for influenza
were 47.1, 40.6. and 36.3, respectively. (Sce
Table 3.)

According 1o Brundage,! an outstanding
feature of the siatistics of death for hard-
coal miners in the United States is their
extraordinary mortality irom influenza and
pneumonia not only during influenza cpi-
demics but at other times as well.
siudy by the Public Health Service at
\Vilkes-Barre, Pa., in 1915-23 and 1906-23"
it was (ound that influenza and pncumonia
were responsible ror 40 per cent of the total
deaths compared with 25, per cent among
males at ages 13 to 63 who had been en-

In a—-

upations
Siliceous ¢

1919.23,

waged in pursuits other than coal mining i
Wilkes-Barre and vicmity., The percentage
of deaths from influenza and pneumonia for
these two groups by ages for the year
mentioned was 193 for anthracite miners
compared with 13.3 for males in other in
dustries. (See Table 6.) :

IXPES

Tuberculosis
In 1925 Collis* aid that for coal miners

generally the tuberculosis rate apparently is”
low although miners at the coal face suﬂ'é.""
from the discase more than other coal min-
ers underground and workers above groand..
Results of more recent investigations seem
to ‘contradict the assumption that tubereg:
losis dous not accur among coal miners. Af’
investigation by the \Welsh School of Me@-
icine, reported in 1937 indicates that this
supposed exemption of coal miners frog
tubereulosis may be due to a mis- or parfﬂl
diagnosis. This invest.zation revealed 3 bigh
incidence of tubereulosis (33 per cent if the
“prabable” cascs are included) among the
pucumoconiotics of the South Wales
ficlds and supports the theory that coal }‘1“
modifies the tubercuiosis, leading to failer
to recognize the disease or to the mistakee
diagnosis of “bronchins.” )

Studies hy the United States Publx
Health Scrvice® revealed that 6 per C"f‘t..o
liard-coal miners examined had chm\’_'
pulmonary tuberculcsis. The averaget pﬁn.e
alence in the aduit male population 0
Grited States is about 2 per cent. The p-.ong
alence of pulmonary tuberculosis am
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Table s.—Mortality per 1,000 from Pneumonia and Influenza in Dusty Occupations
and in the General Population
== I
’ Pueumania
Compuirative
] Ages at Death Mortality
i Figure
i20- 25- 33 3. s5- 20-63
ypations exposed to
Giliceous dust. .. ... ... ... 33 14.4 30.6 47.2 38.7 134.3
Nonsiliccous dust........ .. S 9.6 13.7 j 28.7 23.9 76.0
Ceneral population. . ... ... 3 0 s [ oee a2 o257 L 85
o
: Influenza
Occupations exposed to -
" Siliceous dUSt. . ... . ... ... L1 7.7 1y | s 18.3 471
+ Nonsiliceous dust. ..., .. 5.4 4.8 137 106 0 149 9.0
feneral population. . ........ 2.0 3.2 LT eF 120 36.3
B _ : i
:_:xbt.mt twice, at ages 43 to 54 about 5 times, bereulosis is associated with exposure to

and for azes above 33 it was about 10 times
the rate found in the general population.
The highest prevalence of clinical pulmonary
‘taberculosis occurred among the rock work-
4 (men who had been employed in rock
pading or rock extraction for more than 2
.3 years). After 20 years' service, of
which more than 2 or 3 ycars were in rock
work, 37 per cent presented cvidence of
pimonary tuberculosis. In a group of 133
completely disabled {ormer anthracite work-
s, which did not include any known cases
of tuberculosis, 10 per cent proved positive
for pulmonary tuberculosis. These findings
would appear to corrolorate those of the
Welsh Natioral School of Medicine that in-
dicate that the supposed exemption from
twberculosis of coal miners is erroncous due
® incorrect diagnosis. There is evidence
hat the ahove increased incidence of tu-

siliea dust.

The incidence of tubercuiosis is much
higher in metal mines than in coal mines,
due no doubt 1o exposure to dust containing
a higher concentration of silica. An investi-
gation in 1914 by the Burcau of Mincs in
caoperation with the Public Health Service
of pulmonary discase among the zine miners
of the foplin, Mo., district, revealed a high
death rate {zom pulmonary tuberculosis.
The mortality rate for tuberculosis for lac-
per County was 200.8 per 100,000 for 1911
and 1912 and 2297 {or 1913, according 1o
statistics of :e State Doard of Health."
On the other hand, according to the Jasper
County Antitzberculosis Society, during the
calendar vear 1912 there were 720 deaths
among mines: who had worked 2 vears or
more undereraund in Jasper County. Not ail

l Table 6.—Percentage of Deaths from Influenza and Pzeumonia among Anthracite

Miners angd among Males in Occupations Other Thar Mining in Wilkes-Barre
and Vicinity

) ! Ages
froups Under |
Comparison | 15-64 [ 13-24 | 2534 3544 0 43-34 0 3504
1 . '
_\?;,ha",“cne miners. .. ... . . 308 ; 152 i} 419 3.8 ¢ o
0 other industries. . .. .. 4233 , 287 ¢ 462 31.0 16.8 13.3
1
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Table 7.—~Mortality per 1,000 from Pulmonary Tuberculosis in Dusty Occupatign,
and in the General Population

Tidie 8. —P

Ages at Death

2 R T L §3- 1 2045

Uccupations exposed to i |
Siticeous dust. . ........... o260 634 1 HLO L 2106 150.6 | 3922
Nonsiliceous dust... ... ... ... o } o263 | 6.1 | 364 199 | 1521
¢weneral population. ......... .. 4 ¢ 376 l 416 ‘ 39.0 2.3 163.3

nt these 720 deaths occurred in that county
it they had contracted the discase there
and some of them had moved away., Of 93
auners in the Joplin District examined by
Lanza in 1914,® 04 showed dehnite sympe
toms of pulmonary disease and 39 of the 64
had the classical symptoins of puimwomary
wherculosis. ’

in a study by the Bureau of Mines and
the Public Health Service™ in Butte, Mont,,
during 1916 to 1920 the death records of the
Statc Board of Heaith were examined.
These showed that during 1915, 122, during
1916, 126, and during 1917, 169 Butic miners
died of tuberculosis. The significance of the
death from tuberculosis of 109 miners in
1017 is indicated by comparison with the rec-
ords of other regions. In 1917 approxi-
mately 14,000 men were emploved under-
zround in Butte mines; with 169 deaths
iram tuberculosis for the year, the rate per
M0 was 1,207. The tuberculosis death
rate of Michigan for the 10-vear period
N0 10 1920 was 97.4 per 100,000; hence the
tubherculosis death rate of Butte miners was
acarly 13 times as great as that of Mich-
rIan,

T v e 3w
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The part played by dust, especially dust
comaining silier, in the production of pul-
monary tuberculosis is shown clearly by
figures for Great Britain for 192{-23." The
death rate per 1,000 for ages 20 to 63 was
3922 for those exposed to siliceous dust,
172.4 for those cxposed to nonsiliccous dust,
and 1035 ifor the gencral population; for-
azes 35 to H the figures were 141.0, 46.1,
and 43.6, respectively; for ages 453-34 the
ngures were 211.6, 364, and 39.0, respec-
tively; and for ages 53 and over the Agures
were 15306, 29.9, and 22.7, respectively. (See
Tahie 7.) .

According to Collin® the prevalence of
branchitis, pneumonia, and tubercnlosis i<
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high among those exposed to silica dust but
the incidence of these diseases is not always
the samie under other conditions such as
exposure to other dusts, heat and fumes, or
working indoors. (Se¢ Table 8)

Anthracosilicosis

From 1931 to 1937, 87 per cent of the
total deaths in Great Britain due to silicosis
occurrcd among the coal miners of South
\Wales: two-thirds of the deaths and dis-.
case occurred in the Swansea Division; and
89 per cent of the medical certificates
granted in the Swansca [ivision related 0
anthracite collieries.”

In the United States the chronic diseast
among miners due to breathing air contaw-
ing dust generated in the various prqccssd
involved in the mining and preparation ©
anthracite is called anthracosilicosis, This
a descriptive title for the form of pneumo
coniosis commonly called wminers’ asthmd
The discase was found in about 23 per cent
of 2,711 employees of three anthracite mf*
ing companies studied by the United 5!“5
Public Health Service in 1933, About
per cont of those having :\lllhr:\(‘OSl]lC?_-""
showed evidence of disability, compared €
less than 10 per cent in the control g"’l"rt
Moderate and marked degrees of disabt 'o-
handicapped aproximately 21 pef w“ril
those with anthracosilicosis compared ! 2
less than 2 per cent of the men serving

. <«
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¢ 8. —Prevalence of Bronchitis. Pneumonia and Tuberculosis Under Certain
. Conditions of Exposure :

Bronchitis | Pneumonia | Tuberculosis
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ber of instances the change in occupa-
, probably was made on account of
&lsical condition. Miners at the coal face,
57k workers, and men who had had appre-
le exposure to harmful dusts in other
Riustries alsc showed evidence of much
; "e.f physical impairment than was found
g’?h’g control group.
Moderate or marked physical impairment
ﬂ'_ any cause was .found in 1.7 per cent of
control group, in 9.9 per cent of the
:}eguh: miners, and among 12.6 per cent of
“the rock workers.
":There was a marked tendency toward in-
fraase in the proportion having physical im-
Wirments with increase in the number of
yars of employment in anthracite. This
‘tadency is manifested whether onc con-
Sldgrs disability of any kind. disability in
which pulmonary infection was ceatributory,
or disability due largely to tuberculosis. In

,‘"ﬂﬂﬁel\‘cs according to extent of physical
Mmpairent as fotlows: (1) Rock workers;
) regular miners (3) all others exposed
b more than 100 million dust particles per
'C toot of air; and (4) men in haulage-
Y2ys except rock workers.
T'ht Patholozy of anthracosilicosis as ob-
’.‘“Qd.m these cases is essentially a deposi-
01 coal dust in the lungs, 2ccompanicd
hodm extensive fibrosis, both diffuse and
m;‘:f_- with associated functicnal and de-
tve changes, (silicosis modified by

ol dusy,,
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The anthracite miners’ proportionate mortai-
ity from all respiratory diseases was about
114 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 samce social
class. The proportion among hewers and
getters of anthracite therefore was .4 times
that of men of the samc social status.

Silicosis

There arc various definitions of cilicosis
hut all agree that the cause of the disease is
the inbalation of silica or quartz dust
Silicosis is a well-recognized clinical and
pathological entity at least as charzcieristic
as that of any causc of death kzown to
epidemiologists.” The definition oi :ilicosi
adopted at the International Silic
ference in 1930 and rcaffirmed at :ie 1939
Conference and generally accepted is:

“Silicosis is a pathological condition of
the lungs due to inhalation of silicon diox-
ide. It can be produced cxperimez:ally in
animais."

The first investigation of silicosis in the
mining industry in the United Sizies was
made in 1914-13 by the Tederal.Bureau of

mining district,” As oniv a few
examined at that time, it was

exam a larzer number 1o ga
accuraie idea of the prevalunce of
tinn among the miners o this dis
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Table 9.—Mortality from Certain Respiratory Diseases of Those Exposed to Siliceous Dust, to Nonsiliccous Dust, and the
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General Population—by Age Groups'
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Respiratory Discases

29tii National Safety Congress

) ~ - ot

L4 - ~ ~',I

| = o ~ -1

& vy — - |

| . =~

Il A 2 > ~

f P v ) ~ ~
| —

. =1 - E=T
"i":‘ - 2 g
5= - = -
=4 in] ¢
g ==
2 . d 4 3
= | v - s =]
= =- - - L

_ -

- - o ~

e ) N e

=N Qe e

vy - = !

& ~ - &t

) - = -~

H 4 - = [0

l 2 - ~ ES)
[al) —

] T o~ = t~

L wn o - s

iEY ~ ~ ~N !
:'. o~ - o~
51 A t ] ]
2 ~ = -
="" - ~ e~
= =) t~ =)
Sl W A \ .
2 = -
:_"]"’ ey - -

WA - = g

|{] = = =1

P = 7

|N e : -

T " - Z )

2 s 2 ¢
(=] - - ~i
o4

& m T =

18] = = o
o ~
~ A ~ Z ~
IR
=, - ~ ~ |
= | 1 : - :
_._.I:g = = o~ .

F T~ PA ot

[ ~ - v

| 2 = - =

[ - v ~

2] TR

e -+ = =

-] - v -+

] o~

;. ~ x »

‘m ~ — )
K 2 & o
= ; ) = m
E A ] ] >
2 - x =2
2 : = <. s
=3 2T v

[ S ~

I - -

;N

: — L2}

I 2 - -

L~ —_—

.}S aned 7,

Siliceous dust. . ... ..

CGeneral population . .

P Made up from tables 1

May 15 to Deeember 51, 1913 720 Miners
were examined: 437 per cent had silicogjs
and tuberculosis and 3.3 per cent had g,
berculosis.* A later report (1917) of
same investigation by Lanza and Chilge
included the results of the first detajly
X-ray studies of silicosis made in the Unity
States.

Investigations of mining conditions
Harrington and Lanza® in Butte, Mont,
1921, revealed that 424 per cent of 113
miners cxamined showed definite signs of
lung damage due to dust.

From July 1, 1927, to June 30, 1932, the
Metropolitan Life Insurance Co., the Ts.
State Zine & Lead Ore Producers Associa-
tion, and the Federal Bureau of Mlines
erated a cooperative clinic at Picher, Okla ®
to demonstrate to industry a workablk
incthod for diagnosis of silicosis, to educate .
workers in preventive mcasures, and to

serve as a model to industrics presentinga
dust hazard. Of 27,333 individuals exam.
ined during this period 3,366 had silicosi,..
742 silicosis plus tuberculosis, and 320 un->
complicated tuberculosis. RS
The chief cause of disability in silicosis
tuberele infection. The silicotic lung appears
to be a more favorable medium for the ‘
urowth of the tubercle bacillus than the
normal lung, not because it is fibrotic, nor
because its lymphatic drainage is interfered.
with, but because it contains silica” Ap
parently silica dust possesses this character
istic of increasing the liability to pulmonaty
tuberculosis. That this is true is indicat
by the statistics quoted in this paper which
indicate also that silica dust increases
liability to other respiratory diseases. (3¢
Table 9.) e 1

The results of virtually all studies ar o
agreement regarding the high morta}lly rales
from tuberculosis for industrics in Wi . ]
large numbers of men are expOSC_d ‘°h“
silica hazard. These rates arc so high e
they lcave no room for doubt of the cau1-r
and-effect relationship between the hazd
and the high mortality.®

. So-
Joint studies made by the Actuarial

aty 0
cicty of America and the ASSO:‘“‘::JM
Life Insurance Medical Directors ©
that there were 65 deaths where 0“ .
pected (about 11 times the eXPECT g
ber) from tuberculosis in 19?5-1936m25t of
a group of underground minefrs
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wliom were employed in metal mipcs, Tu-
wculosis deaths were iox_xrtecn times the
,_qpchd among copper mmers: nine }lmcs
the expected among 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
fimes 28 many deaths as expected among
‘rad and zinc miners.

’ An anaiysis by the field division of the
Saranac Laboratory™ of the roentgenograms
of 5000 white miners exposed to the in-
palation of harmiul 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
i approximately one-fourth of those with
first staze silicosis, one-half of those in the
_second stage, and 63 per cent of thosc in the
“fhird st2ge.”

)

revention of Dust Diseases in Mining

X
% The data given in this paper point to dust
4¢ the greatest contributor to the excessive
sortalin from puimonary discases_experi-
“axed iz the mining jndustry and to silica
“dust 25 the immediate cause of the discase
. Therefere, the principal method of
these diseases is to climinate as

the workers. Expericnce has shown that the
properiies of a Cuct that determine its ca-

1, the quantity suspended in the
ospiere breathed by the worker, and its
Rrticle size.

Alttough any dust may be harmiul to
th under certain conditions, as indi-
Qted by the data presented here that show
A higher incidence of pulmonary diseases in
Sonsiliczous dusty industries than in the gen-
el Fipulation, physiclogical studies reveal
VIt mining the harmfulzess of a dust is
Mporiicnal 1o its content of irce silica or
‘:‘;:r;l’-‘m particies small enough to enter
"n2T spaces of the lungs, and in high
:’I“g" CO_nccnt.m:Eon to overcome the_nor-
tnies of the respiratory svstom.
su:.r:t. Frevention of dust diseases i3 the
- ot the rhvsician and the engineer,
¢ together 0 determine the extent of

the expected e
in 1925-1930 "{‘t‘"

QIH
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feraround munert

e
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dustry and method: for
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The frst step is to deterinine what dusts
are harmiul and in what concentrations. The
procedure is somewhat as follows: It is ob-
served that respiratory diseases appear more

- frequently or with greater severity 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
harmful physiological reactions. The en-
gincer is then in @ position to devise meas-
ures tor the reduction of the dust to 2
harmiess concentration. The aim, of course.
should be to eliminate the dust entirely or
to reduce the dust to a concentration that
will not cause disahility during the working
lifetime.

Allowable Concentrations of Dust in
Mining

Tuvestigations conducted over a period of
years show that exposure to certain concen-
trations of harmful dusts for a certain time
causes varying degrees of respiratory dis-
ability but that below these concentrations
disablinz pulmonary discases do not occur
within a working lifetime. The classical ex-
ample of this is the experience in South
Africa with the reduction in mortality from
<ilicosiz that has followed the reduction in
air dustiness 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 def-
nite dust concentration as a guide in setring
allowable limits of air dustiness in the pre-
vention ot pncumoconiosis in dusty indus-
trics. 7 he production rate of silicosis in the
scheduizd mines of South Africa® in 1932-
33 wa: 9.39 per 1.000 compared with 2195

.1 1912413, (See Table-10.)

The ircidence rates for silicosis uncom-
plicated hy active tuberculosis amona South
African miners in 19361937 was between 8
and % -er 1.000 per annum.® The lialility
amonz the whole body of miners to con-
tract tne ditease in 1936-37 was less by 03
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Table 10.—Average Number of Miners Examined Annually and Production Rat
for Silicosis in Each Triennial Period Since 1917-18 «
Average Production Average Product;
) Number of Rate of Number of al:g?“
leriod Miners Silicosis Periacdd Miners ] Silicasis
Examined per ;  Examined ! per
Annually 1000 Annually i 1.000
!
(972 14,070 .93 {026-29 14.624 It
1920-23 13,260 19,10 1929.32 ! 16,774 13.87
1923.24 12,523 REMAS 193243 20,139 9.39

per cene 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
liability to contract silicosis was less hy 87
per cent than the similar liability among ali
miners working for an equal period in 1920-
23, These “new Rand miners” constituted
77 per cent of all working miners examincd.
The group of pre-1916 miners, who in 1935-
36 constituted less than 17 per cent of the
total number of working miners contributed
neariy 78 per cent of the new cases of sifi-
COSIS.

fn the study by the Public Health Scrv-
ice of anthracosilicosis among hard coal
miners silicosis was not found in a control
xroup of mining employecs whose dust ¢x-
posure averaged Jess than 5 million particles
per cubic foot of air.

The prevalence of anthracosilicosis among
the cntire group of cmployces 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 employment
was less than 15 years, regardiess of the
amount of dust in the air.

Among men exposed 15 to 24 years to
dust containing less than 5 per cent free
silica, 14 per cent of those who had worked
where the average dust count was 100 to
199 inillion particles per cubic foot, 29 per

cent of those_exposed. to 270 to. 299 miilion.

particles, and 58 per cent of the men who
had worked ior this period in more than
200 million particles per cubic foot, devel-
ofu+l anthracosilicosis.

Among men employed for more than 35
vears in dust containing less than 5 per ¢my
free silica, the proportion of persons foynd
with anthracosilicosis under different coq.
centrations of dust was as follows: 5t ®
million particles, 7 per cent; 100 to 199 wmil.
lion particles, 54 per cent: 200 to 299 millien
particles, 71 per cent; 300 or more million
particles per cubic foot, 89 per cent.

With the exception of mincrs, their help-
ers, and rock workers, about 23 per cent of
all the men employed underground devel-
oped anthracosilicosis after a working period
of more than 23 years. This group was ex-

posed to dust having a quartz content of
: 7 JzPublic He:

about 13 per cent.

The prevalence of anthracosilicosis anidrix_'
persons who had been exposed for more than -’

2 or 3 years to dust of which about 35 per
cent was free silica, varicd from 10 per cent
among those who had worked in concentra-
tions of less than 200 million particles per
cubic foot for less than 1§ years, to 92 per
cent among those who had been employed
for more than 23 vears in dust concentrd:
tions exceeding 300 million particles pef
cubic foot, more than 2 or 3 years of wh{
time was spent in rock work. ’

Age per se appeared to play 3.111i1{or role
in the development of anthracosilicosis.

Analysis of the data for the purpos of
determining safe limits of dust exposure ™
dicated that empioyment in an 3"““’%:
containing less than 30 miltion dust P“,“,bk
per cubic foot would produce 3 neglig)

srenels whet
number of cases of amhrzu:osxhcoisss‘t

Was er
the quartz content of the dust he silica

A T, ¢
5 per cent. In the gangways where ot
content of the dust was about 13 pcf“mim
a e limit appeared to be 10 to 1531
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‘uetion Ragy Table 11.—Pneumoconiosis Cases Occurring Among 798 Workers Exposed to
Mixed Dust, Classified by Average Dust Concentration, Length of Employment.
and Number of Workers Exposed
’roduction
Rate of Years in Industry
Silicosis Average Dust Concentration
per (Million Particles per Cubic Foot) 0-4.9 3-9.9 10-14.9 | 15-19.9 | 20 and
1,000 ' Over
214 09
13.87 Number of pneumoconiosis cases......... 0 0 0 0 0
9.39 | Number of workers exposed 8! 56 29 13 8
L .. Percent with pneumoconiosis 0%¢ 0% 0% 0%% 0¢;
. 4:
f‘-m‘\z'umber of pneumoconiosis cases. . ....... 0 0 0 2 4
Number of workers exposed.. 123 24 66 29 23
more than % Pe()rcent with pneumoconiosis............. 0% 0% 09, 6.9% 17.4¢
than per et b.,éumbcr of pneumoconiosis cases. ........ 0 0 3 3 G
persons tound Number of workers exposed......... 43 43 3 11 18
different con. Percent with pneumoconiosis. .. .. .. 0%, 0% 9.7% 27.3% 333;
ollows: St09 1. ¢5and over:
100 to 19 mil- { " Number of pneumoconiosis cases......... 0 4 M 4 )
J to 299 millics Number of workers exposed.............. 43 44 25 8 6
v more millic Percent with pneumoconiosis.......... . 0% 9161 200G 50.0%] 6699
er cent. % o]

ners, their‘~hé{p-
1t 25 ner cent of

erg devd- | Tarticles per cubic foot. The limit of tol- -value below shich no cases were found and
v wo. g paied [ eration for rock workers was set tentatively  the magnitude of the trends between per cent
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11’5 to 10 million particles per cubic foot of

“air. Similar results were obtained by the

Public Health Service in an investigation of
“pneomoconiosis among mica and permatite
workers. (See Table 11.)
- The relation of the average dust concen-
tration and duration of exposure to the per-
enage of workers found to have pncumo-
@niosis was as follows: Of those who had
vorked in an average concentration of 30
million particles of dust per cubic foor of
ur, 9 per cent had pneumoconiosis in 3
yars, 20 per cent in 10 years, 30 per cent in
15 years, and 66 per cent in 20 years. Of
bose who worked in an average concentra-
lon of 25 million particles 10 per cent had
Mumoconiosis in 10 years, 27 per cent in
3 pears, and 33 per cent in 20 years. Of
Yose who had worked in an average con-
t!mrauon of 10 million particles of duzt, 7
Ar cent had pneumoconiosis in 15 vears and

rd
on dust P","‘j';_'-; Per cent in 20 years. (See Fix 1.) no adequate way of findinx out whether or
uce R P??l‘g,‘r‘ The data obtained in other studies"STdusty <At men who dropped out of the industry
«cosilicostt “d“'/ 3des, anthracite mining, asbestos texiile were in a better or worse state of ncalth as
int was e . nufacture, and the pottery industry e ‘ar as silicosis is concerned than men who
where 13€ 77 ontreated in a similar fashion and have  remained o the industry, and thus there i
sut 13 pef.2n, ;,‘_MC"I similar, althoush usually less rezu- o way af introducing a correctinn for this
10 1o 13 Thoteulte The pasition of the theed ald - wmemt of celection inte a pmiiematical
- v TR 7

affected and both time and intensity of ex-
posure varies in different sets of dala, de-
pending, to a large extent, on the chemical
nature of the dust to which workers were
exposed and possibly on the regularity of
vmployment.

It is tempting to seek to summarize the
data of table 12 and figure | into a simple
mathematical relation such as the follow-
ing: With each twofold increase in average
dust concentration above 10 million particies
per cubic foot, the probability of finding
cases of silicosis (in men exposed for com-
parable lengths of time) is approximately
doubled. Application of the standard meth-
ods of curve fitting would yield more re-
Ained descriptions of these data. Neverthe-
less, it does not seemi to be advisable to set
up any mathematical treatment because, of
all the men wito entered the industry, only
she survivors have been studied. There is




Figure l.—Relation of average dust concentration and duration of dust exposure
to the percentage of workers found to have pneumoconiosis. Based on data pre.

sented in Table 11,

trcatment. It seems to bLe preferable to pre-
sent the facts as simply as possible, to-
gether with the precautions te 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 expected 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
{earned by observation and experimentation
what kinds of dust arc harmful and in what
concentrations, it is the function of the en-
gincer to evaluate the hazard in a particular
industry, plant, or mine and devisc measurcs
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 activities and time devoted to
cach activity in any one occupation.™

The amount of harmiul dust created by
various activities can be determined by tak-
ing samples of the atmosphere in their vicin-
ity and counting and identifying the dust
particles. Sampling of air is also a means of
checkiiig th&@iciency Gf any control imcas-
ures that may he adopted.

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

pinger, huwever, is the instrument used most
frequently in the United States. The Bureau
of Mincs and the Public Hcalth Service

have issved opublications describing the.

mcthod of sampling dust by the impinger
{as well as by other methods) and pro-

cedures for counting and identifying the

particles.™ ®

Dust sampling is complicated by the fact
that air dustiness f{luctvates rapidly from
moment to moment. A single dust count rep-
resents only the amount of dust in the at-
masphiere at the time arg place of sampling
and gives no indication of the average ex-
posure of the worker over a period of years,
cspecially if he has not worked continuousty
at one job. The ultimaie lung injury that
he may suffer will depernd upon the inte
grated effect of the dust over a long period”’
A proper measure of dust exposure ¢
quires a picture of the variations in dusti-
ness. The best procedure is to determine
the dustiness during difiercnt stages ot 3%
operation and, with the aid of a ume .Stud)"
break down the worker's day according
the time spent in cach step; from these d:{‘l
the average dust exposure of the worker ¢an
e calculated.

PR

Drilling.~Experience 1n South A r‘ncﬂ
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Table 12.—Period Worked at Face by First-Stage Silicotics
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Average | Number
Jab Number of
of Years| Men

Average | Number

Shovelers’ helpers (bruno

men) . s 6.8 8
Shovelers. .. ......... ces 8.4 418
Drilters’ helpers (dummies) 8.4 79
Trackmen............... 9.8 52
Roof trimmers........... 11.3 16

Job Number| of

of Years| M\en
Machinemen (drillers). . .| 11.4 348
Powdermen............ 11.5 24
. Shovel bosses .. 15.8 21
Ground bosses.......... 19.0 54

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 silicosis has

 remained  consistently and  considerably

-higher among machine drillers than among

“those who have never worked machines, and

.*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 blasting was a negligible producer of
dust or air dustiness in coal mines especially
other than anthracite mines. The hand-
operated auger drill praduces very little fine
dust, but with the extension of mechanized
mining power drills are becoming more amd
more cs<ential and some of them are heavy
producers of fincly divided dust: this is
especially true of reciprocating drills of the
Jackhammer 1vpe drilling dry and using
compressed air in the clearing of holes either
in coal or in roof or floor materinl.

Blasting.—The exceptionally heavy inci-

nee of silicosiz among rock drill miners in
fhe eariy period of the gold-mining industry
n South Africa®™ was due to the exposure
of the rock-drill miner not only ta drilling
dust but 1o high concentrations of dust irom
blasting, and frequently to the inhalation of

RIATE B TpY

Varving amounts of the irritant fumes pro-

J duce@ hy blasting, owinz to the methods of

. l*jﬂp&(hcnh—mr:«ﬁlasmm prodirces large
uantities of very fine dust, the finest frac-
lions of which tend o remain suspended i
e mine air far a long time, unless remover!
¥ ventilasion,

! Sha g er Muckinga—In the DPicher,

QH“;- v i was difienlt to show the

T*hlnnn:<i-ip of the duties n{ the men e

silicosis because of frequent change of oc-
cupation. All examined were divided iuto
two groups—those exposed to large amounts
of dust (those employed at the facc) 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 shovelers’' helpers, shovelers,
drill 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 is a
criterion. It is noted from table 13 that the
average nwmber of years worked by chovel-
ers' helpers and shovelers was 6.8 and 8.4
years, respectively, while that for machine.
men was 1.4 vears,

Loading and awling.—Under soine con-
ditions hand loading of coal throws into the
air of the working place considerable quan-
tities of dust, but the amount is about one-
tenth that caused by some types of mechan-
ical loading. The greatly increased occur
rence of dust from mechanicai loading is
duc not only to the stirring of the dust into
the air by the loading machines themselves
but also tn the greater rapidity of hreakiny
down and taking coal from the f[ace regions
which increases other dust-producing proc-
csses, cspecially blasting, cutting, and haul-
ina®

Poarly constructed or pooriy maintained
pit cars or over-toppinz of coal in cars al-
lows fall o or fine material to sift through
1) the tracks to be ground under the wheels
o rolling cauipment or the hoois of mules
and then o be thrown into the air by speed-
. cars ar shufling moles or men™
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Where convevors (ecither the shaker or
belt type) used they form potential
sources of dust clouds at the pounts where
the coal is dropped or thrown which occurs
at the discharge ends only. Alse, where
conveyors are used conditions at the face
differ from those expericnced with the
older methods of working in that the miners
are closer together, there is a2 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-
ttons, if not controlied, tend to increase the
dust exposure to the face workers.

Machine coal cutting.~When coal-cutting
machines came into 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 {riable coal with dull bite in a
confined place with little or no circulating
air) may produce air dustiness so dense as
to rcduce visibility almost to zero with
available types of mine lighting and to cause
between 100,000,000 and 500,000,000 (or even

ar

more) dust particles to be carried per cubic

foot of air of the face region.™
Methods of Contral

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

Veuntilation—The more or less generally
accepted conclusion that coal miners suffer
less from miners’ consumption than metal
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-
. ~tamcd, thewmain feztures that affect air in
meta! mines are (1) movement, (2) tempera-
ture, (3) relative humidity, (3) gases, and

29th Nuationdi Sajety Congress
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13) dusts. Ia coal mines the order of i
voriance wouid probably be (1) moveme,
(2) gases, (3) dusts, (4) reiative humidiyy
and (3) temperature.” o

The matter of movement of air irom the
surface, through the. working faces o,
places, and then back to the surface ig by a)j
means the most important consideration iy
effecting adequate ventilation of mines g4
in protecting the health and forwarding and
maintaining the working efficiency of (h,
underground workers. If adequate quantitjes
of pure air are directed to the places where
men work, most of the requirements of
health and many of the demands of safery
will be well served ™ .

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

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
kecping the drills in good repair with ade-
quate regulation of the proportion of water -
and compressed air flowing througn the drill
steel.™ o

In tests by the Bureau of Mines™ the dust !
concentration in the air during actual drill-
ing decreased as the water flow through the
drill increased. The water flows for stopers
was 0 to 3 gallons per minute, and that for

drifters from 0 to 1.02 gallons per minute
The rate of decrease for stoper drills was
greater for water flows from 0 to 1.3 gal
lons per minute than for higher water flows.
The rate of decrease for drifter drills was
similar to that for stoper drills at cor
responding water flows and rather constant
for water flows' of 0 to 1.02 galions pef
minute.

The results of this study shows that as
water flow through the drills was incred
the dust concentrations in the air decreas
but they do not show whether the decreas
was caused directly by the increased “ﬂ‘t
flow, by some condition influenced by vand
tion in water flow, or by a combinatio® [
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& sugh the drill steel with the water. Ordi-
?ﬁly some of the high-pressure air sup-
Q¥ 1 1o the drill for its operation escapes
;,m the back end of the drill steel, even
&.1en the operating throttle is not in the
Fhiowing position, and travels up to the face
% the hiole being drilled. The amount of air
iicaping is affected by the water flow
‘ihrough the drill steel; as the water flow
hrough the drill steel increases the air flow
Sdecreases. Mining officials in South Africa
“wneluded that such air leakage, aithough
f",obab).\' facilitating removal by the water
‘of the cuttings from the hole, was respon-
’gble for entrapping fine dust and blowing
4 into the air during drilling.® Conse-
“guently they have devoted much attention to
“designing drills that permit the minimum
“actical air leakage through the drill steel
and have established regulations on the use
of such drills. Canada is aiso doing much
work along this line, and recent reports
state that such drills are practical and pro-
-duce about one-fourth the dust concentri-
tion of corresponding drills without the
*dustless-heud” fcatures™

PosrY

. The resuits of this study show that op-
‘tators can reduce dust concentrations re-
witing from drilling by increasingz the
sater flow through the drill steel, either by
mcreasing water pressure or by the use of
’ water tubes of larger inside diameter.

Tests also have been conducted by the
Bureau of Mines®™ on the effectiveness of
spraying water along the outside of the drill
iteel compared with that of standard wet-
drilling practice. The tests show that spray-
g water along the outside of the drill steel
“bpuld not take the place of regular wet
dzilling. However, if a method is developed
1" which the device may be used on holes
¢+ %t 2any inclination, it might prove to be a

saluabie accessory to regular wet driliing in
twliaring and drilling the first 2 feet of a
e Tests show that the greatest amount
* dust is thrown into the air of a working

#2te in drilling the Brst 2 feet of 2 hcle™®
) ,_\\'.et drilling standards have been 2dopted
P ?\ew York State for drilling in various
{r [¥ses of rock. The requirements for drill-
[}

“Tin Class 1 rock (rock containiny morc
::" 10 per cent free silica) in confined
25 which include the use of mechanieal
; "Edilation, are quoted below ™

«.‘1' “Wet drilling shall mean the eratinu.
" application of water through the contral

Mining Section

hole in the hollow drll steel to the bottom
of the drill hote. The central hole in the
steel shall not be less than " diameter.

2. “The water flow shall be maintained
continuously whenever the drill is in opera-

tion, including the period of collaring 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 2 combination air throttle and water
valve of such design that the required rate
of water flow through the drill stesl will be
insured whenever the air 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 conaned
areas shall be used with mechanical ventila-
tion, or in confined areas under decking by
natural ventilation, if approved by the [ndus-
trial Commissioner and subject to the fol-
lowing provisions:

1. “The rock surfaces for a distance of
30 feer from the heading or other drilfing
area shall be maintained in a2 damp condi-
tion.

2. “Hand-held drills (maximum piston
bore, 3") minimum rate of water Zow
through drill steel, 0.75 gallon per minute;
maximum rate of air flow through drill
stee] at full speed, 2.0 cubic feet per :min-
ute; maximum rate of air flow through ti
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 shall he
creased if found upon tests by the Indu
Commizsioner that the dust concentratio

not in accordance with the requirements of
the Code.

5

3. “Drifter-mounzed and wagon-mouried
drills (maximum piston bore, 4”) minimum
rate of gencral ventilation per drill in :
drilling arca, as shown in the table ‘Lin
tions in  Air and \Water Flow Thre
Steel!

4. “In the casze of positive-pressure
tilation, the air must be well distrib
over the drilling and must not ereate drai

%

o
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at the various drilling positions, in 2 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
etficient filter.

5. “In the case of 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 Industrizl 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 ventilation shall
he increascd whenever necessary to reduce
dust concentration to the amount permitted
hy Rule 33-2.3."

Proper blasting  practicc.—~Methods of
controlling dust and fumes in mines by
proper Lllasting practice have been deter-
mined hy members of the Burcau 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 {s an es-
sential agency in cleansing the air where
blasting has been done. Results of investi-
gations by the Lureau 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-
proximatcly 5,000 million particles per cubic
foot to 30 million particles per cubic foot.

2. The aumosphere was bratticed off until

726 minutes after blasting when the prattice

was raised and natural ventilation (which
was virtually negiigible except for eddy
currents was allowed to dilute the dust-
laden air. Tt required 2 hours and 20 min-
utes after blasting for the dust concentra-
tion to drop irom approximately 3,000 mil-
fion particles per cubic foot to 30 million
particles per cubic foot, and 2 hours and 50
minutes to drop to 13 miilion particles per
cubic foot.

3. The atmosphere was bratticed off until
37 minutes aiter blasting, when the brage,
was raised and 10-inch canvas tubing in.
stalled to about X0 feet from the face. 4,
46 minutes after blasting, about 1,000 cubic
feet of air per minute was forced ing the
tace. It required 66 minutes after blasting
for the dust concentration to drop g 0
million particles per cubic foot, and 70 mi;,.
tf.ues to drop to 15 million particles per cybic
oot. i

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

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

Ventilating particles per cubic foot

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

In addition, the place (walls, Roor, 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

thoroughly when the men retumn to the fgce
region aiter Ulasting, and the muck pile
should be kept well wetted at all times
while it is loaded out, as the water not only
favs the dust but also either abso_rbs'Of
otherwize aids in diluting or eliminating
larmful or poisonous gases that follo®
blasting and that wsually cling to the bl_lil ¢
material, RN

of

Tests® on the efectiveness of a2 spray
water mist in reducing the concentration ©
dust in the air after blasting and dunt\f
mucking of the biasted material were col:a
ducted in three keadings in medium hi\fdm
hard rock. The use of the spray appare!:.o;‘
made it possible w reduce the c.?uccn(ri io!
of dust zenerated and thrown Int0- fon
during blasting more than 99 per cent
the amount present when the spray W25 -
used. Dust dissemination during "‘“cfm
of material spraved several hours
mucking was eyun was muc }cs:;ugh‘.'
during shoveling of material thoroug™”
sprinkled just before and durin

r s

w20
e e
and, of course, the dust present lf‘mdho; s

cither the spray or the sprinkling
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¢ less than if the mucking had been done
far 1€

¥ .
J'In general, the larger the quanuty of ex-
p)o‘i“‘ used. the more fnely divided  the
bi’;"d material, the more heavily the air
il be impregnated with dust and smoke,

the greater will be the aquantity of

_methods should be used that will tend to
peduce the quantity of explosives us'cd and
of gases :md. dust produced. In this con-
-pection it will be found that the use of
qemming or of some types of blasting plugs
gow available will confine more definitely
the cxplosive. hence. increase s efficiency
and reduce the quantity of explosive used
and also reduce the amount of poisonous
s produced and possibly reduce the vio-
jence of the blast and its tendency to raise
dust and disseminate it into the surrounding
sir. It would be well for users of explosives
1o jnvestigate types of explosives that are
town to give off minimum guantities of
tarmiul gases on detonation and to use
“them ; also, the discontinuance of the use of
fuse and the substitution of electric blasting
would aid in reducing the amount i poison-
ous gases irom blasting, Explosives that

tave been held in storage 100 long or that
“ave been stored under uniavorahle condi-
10ns a5 1O NuKsUre, temperaure. ete., are
Sely to wive off maximun: guantitics of
harmful gases, if they detenate at all;
tence, utmost care should be taken in ‘the
soring of explosives to see thar they are
at leld ton long befare heing used.

ciion, — This
wss 15 unsate
except for

Personal
method of control of air du
#factory in undergrovnd m
femporary use in emergenc Although
dast respirators give adege protection
1 dminst dust, they aJord the wearer essen-
““.i." no protection against 1N:¢ or asphyx-
Bling gases. and are too cumbersome and
Mcomfortahie for constant wear,

respirator  pro

The Bureau of Mines iias estabiished a

':'htdulg of  minmmumm  reguirements  for
_;tt‘hamca} respirators, one 1vpe of which is
“F protection against dust zemerated by dis-
“hzration as in drilling znd  blasting.
‘;5"“‘ 30 respiratcrs have *evn approved
ez this ceivedule.

:,P hysical Lo ough strictly
;:‘k'nf: physical exanunatzs is rot a dust-
. ;{‘:~}f0l measure, it is an hngcriant means of
TNy tie effcacy of Trromethods em-
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ploved to reduce the dust hazard. [f work.
ers exposed to dust are examined period-
ically increased incidence - of respiratory
discase can be discovered and measures
taken to reduce the amount of dust in the
air or remove any affected workers to a less
hazardous ¢nvironment.

oisonous gases left at the place; hence, _ 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 al! cases of simple silicosis, tubercu-
losis with silicosis, and simple tuberculosis
that may have developed. In this way com-
parable records can be obtained for measur-
ing the degree of prypumoconiosis and the
extent of impairment of workinz capacity
among employees from vear to vear. Com-
parable records will nor be ontained unless
periodic examinations are conducted in a
standardized way, preferably by a permanent
medical hoard composed of pitysicians spe-
cially trained and having adequate experi-
ence in the diagnosis ol pulmonary discases.

Summary

{. The principal pulmonary discases (o
which the miner iz subject are bronchitis,
influenza and pneumonia, pulmonary tuber-
culosis, anthracosilicosis, and silicosis.

2. Statisties indicate that rmwch higher
morbidity and death rates fran puimonary
diseases -are experienced in dusty than in
nondusty industries, cspecialiy 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
preumonia not only during influenza cpi-
demics but at other times a< well. In {913
25 and 1906-25 influenza and pneumonia
were responsibie for 40 per cent of the total
deaths among hard-coal miners compared
with 23 per cent among maies at ages 15 to
63 who were engaged in pur:uits other than
coal mining. Six per cen: of hard-coal
miners had pulimonary tuterculosis com-
sared with 2 per cent in aduit male
~opulation oi the United es. The rate
for metal miners 12 st higier,

4. Anthracosilicosic was “nund in about
23 per cent of 2711 emuinvees of threv
anthracite mining companie: <tudied by the
United States Public Health Service in 1933,
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About 03 per cent of those having anthra-
cosilicosis showed evidence of disability,
compared with less than 10 per cent in the
control group. Moderate and marked de-
#recs of disability handicapped approxi-
mately 21 per cent of those with anthraco-
silicosis compared with less than 2 per cent
oi the men serving as controls.

3. 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 chie{ menace
in silicosis is tubercle infection. Apparently
silica dust alonc incrcases the liability to
pulmonary tuberculosis.

Joint studies madec by the Actuarial So-
ciety of America and the Association of Life
Insurance Medical Directors™ revealed that
there werc-65 deaths where 6 were expected
(about 1] times the expected number) from
tuberculosis in 1923-1936 among a group of
underground miners, most of whom were
cmployed in mctal mines. Tuberculosis
deaths were fourteen times the expected
among copper miners, nine times the ex-
pected among 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 cxpected among lead and
zitic miners.

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

1o climinate as far as possible or reduce to-

hariless concentrations the dust in the
Lreathing zone of the worker.

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

9. Analysis of data collected by the Pub-
lic Health Service to determine safe limits
of dust exposure indicate that employment
in an atmosphere containing less than 50
million dust particles per cubic foot pro-
duces a negligible number of cases of sili-
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“less than 3 per cent; when the silica cq,

cosis when the quartz content of the dyy .

tent is about 13 per cent 10 to 13 il
narticles appears to be a safe limit.

10. The amount of harmiul dust Create
by various activities in mining ¢an he de.
termined by sampling the atmosphere
their vicinity and counting and identifvin,
the dust particles. Sampling of air is aise,
means of checking the efficiency of dust eon.
trol measures.

11. The impinger is the dust-sampling in.
strument used most frequently in the United
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12. The dustiest operations in mining are
dry drilling, blasting of dry rack or ore
shoveling or mucking, loading and haulage,
and machine coal cutting.

13. The principal measures for controlliw
the ill effects of dust in mining operation.
are ventilation, wet methods, proper blag.
ing practice, the use of personal respiratory
protection, and physical examination of
workers.

14. The ciiciency of these measures in the
reduction of the incidence of dust disnscs.
is attested by the experience in the mines ot
South Africa where among the whole body
of miners the lability to contract silicosts i
1936-37 was less by 65 per cent than it wa:
in 1920-33. Among the “new Rand iminert
who cntered the :ndustry by way of il
examination since 1916 and who have beer
exposed solelv to the progressively mprov:
ing occupational conditions that fave olr
tained since that date, the liability to o
tract silicosis was less by 87 per < -
the similar liability among all miners w<1>r¥-
ing for an equal period in 1920-2. Thee
“new Rand miners” coastituted 77 per €™
of all working miners examined.

Conclusion
The mortality and morbidity ire™ ped
wonary diseases are excessive-irth e
industry as a result of exposure 19 pere
amounts of dust in the air breathed: */
fare, control of the dust hazard is 86T
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to prevent these diseases. No sing
oi control is applicable to all du
tions and processes, therefore. ali t o
of prevention must be pracuccd. to .
success in the solution of the problem
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