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of prompt and continuous delivery of essen-
tial weapons of deiense we must not only
train new workers and retriin older work-

Maximum Allowable Concentrations of Dangerous
Industrial Dusts and Gases

By ALICE HAMILTON, M.D.
Medical Consultant to the U. S. Division of Labor Standards, Washington, 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
irom gascs, vapors, dusts and fumes, and
the data which have been sccured 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-
ied ntensively 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 misake to cmbody in legal
regulations the standards which we are at
present tentatively recommending, for it is
certain  that, as our knowledge increasces
through investigations in this ficld, we shall
have to change our figures. 1 believe that
the State departments of labor or of licalth
which have adopted standards of allowable
czacentrations regard thems as advisory only,
and that is right.

The frst attempt at the establishment of
2 maximum figure of air contamination by
zn industrial poison was made in England
ia 1910 by Duckering and Legge, who used
the procedure since gencrally adopted; that
iz, they determined the amount of lead in the
air of a workroom and matched it up with
tze record of lead poisoning in that room.
Ia this way they were able to state that, it
e amount of lend were kept under 0.5 mg.
ser cubic meter of air, there would be no
ierious plumbism, no palsy or encephalopathy

’ Parts
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American Standards Associafion Committee

ers. but we must restrain acciddents, Wik
fritter away our suppiv of skilled hand;
producing these weapcns.

and only rarely colic. This amount, you s,
wa: not to be taken as safe, only as fre
irom serious danger. In 1633 our own Pub.
lic Health Service concluded that the
amount of fcad dust or fumes in the air
+hould be kept 0.15 mig. per cubic meter for
safety. This was on the basis of an invest-
wation of a storazc battery plant, and 3
sickness study of 2,303 men cmplosved there,
For “prolonged exposure,” the figure must,
it scems, be still lower, {or soime cases were
tound wiilich had developed even at 12 mg
[ believe the next important contributios
in this field was made by the Benzol Com:
mittee of the National Safety Coundlf
which, as you all remember, established 10
parts per miflion as the maximum allowable
concentralion for benzol. That figure
<9
stands, though we have a good deal of eve:
dence that it is too high. You are probably
familiar with two remarkable reports on m-
dustrial benzol poisoning which appeared B
1939 : one from the Massachusctts State De
partment of Labor on benzol in the mam:
facture of shoes; the othier from the New
York State Department, on benzol in rote
gravure printing. In both studics cases wer
discovered that had devcloped aifter ev
posure to concentrations below 100 ppm.
a result, Dr. Francis Hunter of Boston
clared that, “It is doubtful whether any o
centration of benzene greater than zero ®
:afe over a long period of time.”
The American Standards Association b
“ad for some vears a conunitlee on this &
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Goucrmmnental Safety Service in Industry
Suggested Standards yor lllinois snd Massackusetts
Parts per Million  Milligrams £ Cubiceter
Ninois Mass.  lllinois Mass.
Substance ,
Amrmonia SO 100
Aniline S S i
Berzol e ml?m_s) 75
Carbors tetrachlorice 100 100
Chlorine 035 10
Chloronaphthalenes 5 1105
Chlorodiphenuls S L0
Chromic acid 1.0 0.l
] Gasoline 1000 1000
. Glycols 25 ’
o Hydrochloric acid 10
F Hydrocyaric acid 10 10
Hydrofluoric acid -3 3
" Lesd : ’ 1.5 15
Mercury 1.5 1.5
Methyl slcohol 100 200
flitrogen oxides 10 o}
Nitrobenzol S
Ozone ! -
Phosgene {
Phosphine 2
Sulphur dioxide 10 10
Tetrachlorethane : 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-  can be realized practically while

nittee
o exposure
ot e e

TN Ehze meroxids ~gnd  hydrogen suiphide,  Jccupational Hygiere, is unwili

P a more
tilation engincers, industrial insurance car- rigid standard would be rejected. and we 3
Tiers and toxicologists, who are trying to set  should be left with no standard at all. My- ,
Up standards for use in industry. self, I am always willing to accez: half a

O 1ar we have dealt conclusiveir only  loaf rather than no bread, but Manired

With 1wo gases and two volatile sclvents. Lowditch. of the Massachusetts Bureau of .
: to go
adop.;_ar}d carbon disulphiide. The iimits  higher than 75 ppm. and Yandeil Yander-
acco;g tor the‘ present are shown cn the on, of Yale, enters an emp_h’n:‘:: protest

nranying chart. Denzol stands z: 100 agzainst 100 ppm., saying that if 20 ppm. is
° carbon
v it is

iF’nfim.. €aiefly because of the insistence o our  feasible for livdrogen sulphide =
fUrance members that this is an ideai that  dizulphide. he can ses no reasen
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Tentative Standards Adopted By Public
Authorities Tor Maximum Allowable Con-
centration @ Silica Containing Dusts

T Authority

Millions of Farticles per Cu.Ft of Rir

Free Silica Content

National Silicosis Confer—
ence. 1936. Medical Com-

High  Medium Low

5 eeeep 40 1020 memeene
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ngup~ Ve '}
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CCt4, about

more. As €
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Justrial poisor

To pass oVt
“feld, silicosis,
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U. S. Labor Department | agreement_amc
1936 Division ¢F Labor : ~amount of dus
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Standards ---------- oo - PRI Sroremmrmmeren e ¢ | 2 workshop. Tt
' NewYork Department of Py " {; . ing from gases .
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Massachusetts Departroent | : . L ¥ ease of stone cu:
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inipossible for bencol. Certainly 1t is to be
hoped that ventilation engineering will pro-
gress to the point where a lower Szure than
100 ppm. may be reasonably demanded for
Lenzol users. :

The standard for carbon monexide does
not need to be defended. This gas has been
exhaustively studied by the Puiiic Health
Service, by State bodics, by indusizy and by
toxicologists in many universiticz. Carbon
disulphide and hydrogen sulphide arc the
two dangerous gases which must be dealt
with in the manuifaciure of viscoie ravon,
and the maximum allowable concentrations
given in the chart werc establishel through

* careful studies made by the American Vis-

cose Corporation, the du Pont Co=sany and

. {grenite) 25

that the figures given represent our best
judgment at the present moment, but we ad-
mit that that judgmen: is oiten based on
something not far from guess work. Take
the one on which [ happen 10 be eng?!‘{d
at the present time, tetrachloreshane. ‘We
know it is the most dangerous of the chlo
rinated hydrocarbons used in industry, and
we have known since the first world waf
what its action is on the human body, for i
was used by both the Germans and the
Pritisk in airplane dope, and in both cous

%of this particula
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atrophy of the hiver; but, in spite of 2
voluminous literature and an impresi¥t
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stance in which the amount of poison in ¥¢
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aniline and nhrub;nzunn n th_c most toxic
roup. We have little data with regard to
he other chlorinated hydrocarbons, except
CC14, abowt which we do know somewhat
more. As ta the others, our knowledge
comes chictly from the studies made by
phammcolngists who sought a rc[auvgly
non-toxic agent for cases of hookworm in-
fection witich is not the samc thing as in-
dustrial peisoning from fumes.

To pass over to that very controversial
field, silicosis, I nced hardiy emphasize the
fact, so cvident in the accompanying charts,
that there is still much confusion and little
agreement among the a_u(horilic_s as to the
amount of dust containing varying propor-
tions of iree silica that may be permitted in
4 workshop. This is to be expected. Poison-
ing from gases and fumes, even if slow, does

" pot take Arftcen years to make itseli evident;

-silicosis may. Moreover, other factors, aside
‘from the actual proportion of free silica,
affect the dangerous character of a given
dust. :

T.Take foundry dust. Jt may
=fdangerous granite, vet, while consumption

has for centurics been the occupational dis-
@se of stone cutters, this has not been truc

Z3of foundry workers. Recent brilliant studies
- 93of this particular dust, notably the one by

- Hatch and Moke, have provided an explana-
tion for the difference between foundry dust
and other silicious dusts, for it has heen
shown the silica content of the former is
chiefiy in tre large dust particles, and as the
Particle size decreascs. the free silica falls,
1l it may reach, for particles under 2
m_icrons. - one-fifth or even one twenty-
ﬁx.ah of percentage i particles over 10
microns. Tris is, however, not truc of the
foundry duct caused by sandblasting and by

! chipping, jchs which evervone familiar with
the indusi knows to be dangerous. Steel
foundries are the worst. probably because
more chipping is nceded on steel castings.

If our ksewledge oi the minimum dose
equired i produce poisoning needs ampli-
ying, this : still truer of our knowledge of
What con cs dangercus dust concentra-
tions. Here vi:e Public Health Service is do-
ng muck able work. Their two monu-

gations. of the Vermoent gran-
and of Pennsvlvania anthracite
carried us a long way forward,
wTeration with the experts of the

Governmental Safety Scrvice v [ndustry

be rich in-
fi4silica, running as high as the notoricusly
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Saranac Laboratory, they lave found it
possible 1o establish cerwmzin  fundamental
facts. For instance, the Laboratory is able to
state that the percentage of tubcerculosis to
be expected among workers in an establishi-
ment where there is no special dust hazard.
is 4.79 per cent. If the rate is higher, there
is somcthing wrong; of course, not ncces-
sarily dust in the air; perhaps jow <vages.

Donald Cunmimings, 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 injuryv; second,
the “secondary threshold,” a concentration
in which a healthy man will "inevitably
contract silicosis if regularly employed for
several years” General experience shows
that the Arst is at about five million par-
ticles less than ten microns in diameter; the
second is probably at a level not higher than
100 miltion,

At the National Silicosis Conierence 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 particle dust
count by impinger. If the result is under §
million, the condition may be looked on a3
permissible. 17 it is over 3 million, the con-
dition is to be looked on as poor. Tor ex-
ample, 10 per cet free silica with an av-
crage total dust count of 30 million particles
would mean 0.1 times 30 million, or 3 mil-
lion, good pracuice: while 30 per cent free
silica and 30 miilion particles woukl mean
13 million,. too much. This formula cannot
he applied to a dust with less than 3 per
cent silica.

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

to 23 per cent; the dust from abrasive higssm—s- "

cleaning, averacing 70 per cent down to 10
million. Massachusetts allows 25 million inr
foundries, 10 miilien for granite stone nuli-
and 3 million for pure <ilica dust

Ul 2N
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Source of Dust
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'Percent of Ciartz| Suggested Siandard
(Tree Siiica)

I Million Farticles
(Below 10 Microns)per
{Cabic Foot of Air.

i

Gold Mires, South Africa—86 to 95——-3 to 4.5 million.

Metal Mines. Broken Bill, .
Agstralia

Tunneling, Sydney.
Australia

010 fT—-

14

Gold Mines.Ontario —

iron Mines. Canada

20 Under 6 -

5 1o 10 (2 ines): N
| 8510 35( - "i 85

50 ' 5 -

Granite Cutting. Barre:  (Rock,2G5) |
Dust. Average 35

Vermont

Metal Mines. Tri-State
Ares

—91020

Potteries, West Virgiris:—Z20 to 30

Anthracite Mines, ROK43%Co3i6%
Pennsylvania. quartz)

Rock Workers dust
gverage 35

Subway and Foundgtion

90 - 5 -

—5 t0l0 -«

Drilling. New York City iLess ten 11084 |—10 -

We must not forget that the adoption of
any of these standards does not mecan 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 imillion 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 914 years. In
Barre, Vermont, the Public Health Service
found cases appearing after only ten years
at 6-9 million particles and after 9 years, at
20 miilion. They have placed the maximum
ailowable number of particles at 9 to 20
million, which is certainly not extreme.

I nced not say anything more about the

ditions under which damage from poisons
z=d dusts occurs in industry. It is in ouf
c-untry that ‘these studies must be made
The day is past when we could look to Ger-
v as the source of knowledge of indus”

:ition has passed to us. And this palmcu"

method of determining safety limits ¥
ans of a combination of experts in ¥
2rai felds, chemists, ventilation C}Tg’”e".”
wnd physicians is peculiarly American. e
~iiier country has made anything like a
sontributions to this branch of indust®
hvgiene that we have. But we need 2 gred
<ecal more.

reat need of careful studies of actual cor

al towicclogy— Now that authoritatt¥.
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< The meeting ou Occupational Disease,
ed as a Pancl Discussion, was called
B order by the Chairman, Walter S. Paine,
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CH-\IR\I AN PAINE: At every meeting
hat I have attended in this Congre:s some-
-ene has raised the question of industrial dis-
| .ase This is a subject which has been
“iuhgned in some cases and has been a fan-
on the part of others. This, however.
Xhould not in any way destroy the realities
'l.hzt are back of the industrial discase prob-

-l:i"'the discussion of this broad problem,
7wt have asked the medical proiession and
<t law to help us this morning. Each phase
“%% the problem will be discussed on an or-
‘“dely basis. \Ve have assigned as the firs
“speaker for each of these subjects onc of the
.mén on this platforn. After he has finished
. his preamble, we wiil ask the meombers on
- the floor to present any guestion they may
Rave on the subject.

- We have the following subjects to by dis
l'ussed “Health Hazards in Spray Pain:
nx Dr. Eugene \Walsh, Associate Su;v.r-
Yor of Medical Service, Internatic:al

arvester Campany, Chicago, will open this
tubject.
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- Occupational Disease

WEDNESDAY MORNING SESSION
e Qctaober 9, 1940

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

Panel Discussion

Considered as Industrial Injuries ™ This
will be handled by H. A. Nelson, Dircctor
of Workmen's Compensation Department.
\Wisconsin Industrial Commission of Mad-
ison.

We all regret that severe illness keeps
Pr. Paul Brehm, Supervisor of ludustrial
Hygiene Unit of Wisconsin State Board of
Healtl: at Madisen, from being present.

The pancel will be opened on “Health
Hazards in Spray Painting.” Dr. \Walsh.

Spray Painting

DR, ECGENE WALSH: Paintnyg is a
topic that has received considerable atten-
tion. There has been an increasing number
of hazards imported into the trade. Mowu
of these have reccived wide attention, par-
ticularly in the past few years. Jt has heen
incident to the wide use of the spray wsun
amdd of the lacquers, pamcularlv Many of
the solvents and products used in the paint
industry have known toxicities. Others are
in the experimental stage, so far as use am!
~0 far az their hazards to health are con-
cerned.

In the old davs of brush or dip ur flow
painting, ~tll widely used, solvents of rather
low volatility were emploved. and the haz-
ards associated therewith were not a: yreat.
Howesver, when we come to the spray wnn,
partculariy in its use in the recentiy devel-
oped Lucguers, we come into a host_glnew
sofvents,

The guanuticr used per year n lucguers
and solvents in the paint industen . e
United  3tates reach astronomnenl
dons, Masy, many tons are used.

SO
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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 rela-
tive immunity.

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

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

Next, the paint must have a diluent. In
the ordinary paints—otls, turpentine or spirits
may be used. In the lacquers—aicohol,
tolual, xylol, mineral spirits have bheen 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
to a depression of the blood-forming organs.
There is a definite trend toward less toxic
diluents. - ‘

The next essential part of the lacquers in-
cludes the driers, such as ethyl lactate or
cellusolve, monomethyl ethers and various
other chemical products of known and un-
known toxicities. Also, there must he a
flexilizer or a substance giving flow to the
plastic. These are relatively high-boiling low-
volatility products, 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 oiten
the imipurities in minute quantitics that add
to the taxicity. For example, we mayv sav
there is, in the casc of xylol, some question
as to its inherent toxicity. However, since
benzol is so frequently a contaminant, we
do have some benzol toxicity to he cansid-
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ered when xylol is used. Also, whey -
have two substances which are used to =y
a paint or lacquer fluid, its-toxicity, regy
ing from the combination of the two gy
stances is not usually that of a summasg §
of the individual toxicities of the two, Tig s
is, if we have two products (A and B), 35§ *% made about spraying w
one-plus toxicity, if we wish to use 3gF . DRO WALSH: Spraying
terminology, and B of one-plus toxicity, y§ is 3 common procedure. 2
may get a- resulting toxicity of threg.,q . rgely calcium, it is a rela
or something of that nature—just 1o ueg§ sbstance. It is irritating tc
arbutrary form-——"~""" »% (ree 'and may be followec
ough. Not infrequently th
inants in whitewash which
“products in them but, or
washing is a2 matter that is «
week, and perhaps a mont!
done in most industries day
esposure is  relatively ingr

e \.icwpoint of the panel
on this subject, namely he
spray painting ?

EDWARD SMITH (J
Mfalieable Co., Buffalo, N. Y

The methods of control are: Firs, &
substitution of non-toxic products such
we mentioned in getting away {rom 'ad
hearing pigments in paints. \V'e are fornmg
to have alert chemists in the paint indesg
who are alive to this problem. Ther m
constantly striving and working with tt2&
dustrial h_\'gicnistg and the physicians h &§ bizards are not great.
veloping non-toxic products, so far as kd . Likewise, most of the w!
pigments and solvents are concerned I ctdures are done in large, ¢

Another factor that has been consides < That 3sr_xdt true of some tw
and is of importance today in recoy plae ¢ znc in closed roc
toxicity is the mechanical developmet¥ ;meg with poor aeration, i
the spray gun. Many years ago, in ity _prto_ce;s 1s to consume
fancy, no precautions were taken Th ﬁz"n; ave the individi
gineers weren't particularly interested g meihan';:;{.dIUSt :‘. simple
A man would spray with one or axdef " ust tvpe res

. « . A Dbe usable if the expe
spreading the toxic substances ahout ToGLE: any length of ¢ P
however, with the devclopment of REwg = 0> o1 time.
pressure spray guns, with the develoio®
of engineering methods of control of AT
and fumes and dusts incident to the g4
we have less toxicity. : State Medical Asen St P:

If an individual corporation is alert 3% e methods by x'-rn)-r c
serving and controlling the hazards ;e%E 3% to time o, from year
very little toxicity need be encout: - Progress of bronchial
mast processes. This includes, of cour®” of th

AR A ese paint inhalation
precautionary methods for the ir > DK\,\VALSH- Th for
when I speak of the industrial hyg Y : ere

o
X X answer v .
the engineer's phase of the probler ¥HE ‘tve \poo) roen}t;:r:o?;’geis;ttlf

individual is working in a place whet &R wofy at the ides of t
gineering methods are not feasibie 195 Xonchiecry ;o ba N makin
the vapors and toxic products, the? F il e e i the ‘f’r:'m)“ lTh
dividual must have his respiratory 1., vessels :’md }%;re ar;
tion to_.nrevent inhalation. Moft g W It g how rous -
solvents which are used Rave 3 ’J' % Some pa‘ims Cl\hqr,hu.
action, and their action is by w3 "= Rint 1h, I did 1\7\ zlc .
sorption through the respiratory fr.z-.;;; e ® Porcelain .('Z! me:
ing away the fumes is the way o' “=& "-,:r“.\lhat is ano*hm ot
NaAd: ALK s“ica‘bcar{ncr D_rol
c g paint,
< Howg, hanges of si
e :br, for the ordir
%S&’, SOrbed' so few .
s ;AA‘_\E: Fhangcs in the

.7 X-Ray Examina
DR. ROBERT 1. BUT

I have very briefly outlined ¢
major points. Do you choase 0 f
question ? .

CHAIRMAN PAINE: Disct®7/

be carried on from the flanr and
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Aewpoint of the panel. May we proceed
3% this subject, mamely health hazards in
f* Sy painting?
“JEDWARD SMITH (Jewell Alloy &
{ylleable Co., Buffalo, N. Y.): No mention
ryas made about spraying whitewash.
fl't;iDR, \WALSH: Spraving with whitewash
V3 common procedure. As whitewash is
orgely calcium, it is a relatively innocuous
bstance. It is irritating to the respiratory
tree and may be followed by a chronic
ugh. Not infrequently there are contam-
| #paats in whitewash which may have toxic

Sy

50

Fiproducts in them but, ordinarily, white-

"l?“'-';shing is a matter that is done today, next
.%:cck, and perhaps a month hence. It isn't
. ~done in most industries day after day. The
L Cexposure i relatively infrequent and the
ghazards are not great. i

g\Likewise. most of the whitewashing pro-
j 2cedures are done in large, open, airy rooms.
:That isn't true of some tunnels, of course.

“places with poor aeration, it is advisable, if

s the process is to consume any length of
:time, to have the individual protected in

Zsome manner. Just a simple draft of air or

23 mechanical dust type respirator probably
~would be usable if the exposure is to he of
any lengt: of time,

X-Ray Examinations

DR. ROBERT M. BURNS (Minnesota
=iical Assn., St. Paul, Minn.): Are
f thods by x-ray examination from
ume to time or from year to year that will
show prezress of bronchial trouble as a re-
sult of t:ese paint inhalations ?

DR. “WALSH: " Théfe are those that
would azswer your question in the affirma-
tve. Mest roentgenologists, however, rather
.%off ar :he idea of making a diagnosis of
br?nchi sis by x-ray. The shadows which
We se¢ i the x-ray are Jargely those of the
blood vessels and fibrous structures of the
< true, however, if an individual is
ne paints which bdear silica—and
ini that I did not mention is that used
porcefain  industry, silica-bearing

i the
Paint—-=ar is another problem. If vou are

ilica-bearing paint, you will get the
tristic changes of silicosis.
However, for the ordinary pigment, so

litde absorbed, so few of them produce
Procreisive changes in the lung, thev rarely
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show on the x-ray. Most of them are
stopped by the mechanical aids in the nose
and upper respiratory tract, that is the hairs,
the cilia on the lining of the respiratory
tract and, as such, are coughed up, rather
than persisting in the respiratory tract

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

MR. CARR (Eastman-Kodak Company):
In spray painting in rooms, using lead-frec
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 a problamn, it is
true. Certain ficlds of oil, particularly those
bearing tke 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. Itisa
factor to be considercd. It depends largely
upon the amount of benzol present. In some
instances it has been said to run as high as
10 per cent in certain gasolines. That is not
usually true.

There iz one factor to be considered in
gasolines, znd that is the difficrence 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 to
indicate that benzol is a definite toxic agent
in the gaslines produced. But if the aro-
matics were up to about 430 parts per mil-
lion, you certainly are on the borderline of
toxicity. I think it should be reduced, if it

is at all possivie, by orginaq mailiods. At=—-

least tite men should be watched verv care-
fully for dlood changes, so far as benzaol
exposure is concerned.

~ MR. CARR: In that connection, it has
been necessary for us to go 1o 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 some
two or three years ago, when I was visit-
ing automobile plants, I was told they were
making a change in their coatings. I wonder
whether that has proved to be true? They
told me they were substituting synthetic
resins for nitroceilulose and as a solvent
were using hydrogenated petroleum prod-
ucts which had very low volatility. It
seerned as if that were going to be a revo-
lution in coating in automobile factories. [
should fike very much to know whether that
change has been made.

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

DR. WALSH: I would like to say to Dr.
Hamilion concerning the substitution of
! synthetic resins for nitrocellulose products
h in the automotive industry particularly,
v most of us receive all of our information
concerning the newer development of haz-
ards from no person other than Alice Ham-
ilton. If anyone in the room can answer the
question, | 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 heen instituted in the industrics that [
have been acquainted with. I do know that
such things are in progress. As Dr. Ham-
ilton suggests, I think that they are changes
in the right direction, in many instances.

DR. A. L. BROOKS (Fisher Body Di-
vision, General Motors Corp.) : We do quite”
a lot of spray painting. I belicve there has
heen na radical change in the <olvents and
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diluents used in the lacquers which we ar
now employing. The process is very much
the same. : ' :
There has been some change in the lengiy 3
of time required to dry these lacquers, bm? i
the constituents are the same as they ““-'";‘1:‘.- £ xcurate knowledge
\W., H. KRAUSE (Allis-Chalmers Migs: ! peehaps encourage
Company, West Allis, Wis.): There hing.r gt probably woul-
been recent changes in regard to the dilueniZef. son :
used in paint Quite a few of the larger g% MR. GUMMAR
companies are now-producing hydrogenated: L ould like o offer
naphtha. These do contain considerablet 'E: mercial toluol,
quantities of benzol and toluol. I wonder 1("-{ do: ot contain an
there had been any experiments made “'id’:i benzol '

regard to the toxicities? .
> CHAIRMAN P.

. ®sson to the next

L Relation to Occupa
Lyt will be opened
[~ Director of Labora-
F. pial Milwaukee.

\Ve are beginning t
suspicion. Dr. Gar
Company believes i:
tan we have thou
xill, as the vears

¥

Benzol Frowned Upen

DR. WALSH: | should have mentioned;
when we were speaking of toxicities of sol
vents, that the medical profession frossﬂ}
upon the use of benzol as a solvent or d&
luent in any proportion. We just don't li
benzol, regardless of its percentage, teca
it'is so easy to get out of hand, and
chronic eficcts of its poisoning come on
slowly and so innocuously, they creep’
on you before you know it. It requires rathes
close observation wherever there is an
benzol or toluol. .

So far as the hvdrogenated naphthas
concerned, it has been said that the hyd
genation does not change the chemical st
ture of the naphtha, and it does not Incrta
particularly, its toxicity, If it is in re(agl\:.
large quantities, 400 to 300 parts per m.dll
then there is the problem of the toxiClicy
inherent to the hydrogenated naphtha itse]
But we would much prefer not to see ©
zol at all. -

CHAIRMAYN PAINE: Dr. Hamilton %
you wish to say anything clse¢ on the st

gue is that s;
ok which makes
ex ¥ Krform what may

% l\'-bd output.

““Itis characteriz-
Naracterized

3 - wed but, so far ¢

Wthe strictest s
< 7% AN occupations
Bt "hich can be girec

jeet? r ;: Sircumstance in
DR. HAMILTON : T think not. My ste¥eg - X hbeled a5 1o 0
fhougdhs ut a5 our

of the subject is four years old. T
perhaps very important things had _Com_‘
light ince then. Apparentiv penzol 1S 5:’4
lurkinz danger which arises in all $of ‘3
unexrpected ways, especially as we ““I e A
cracked zasoline than we did before g

agree that it is something that shou
avoidal

TPt of disease
; Merpreg the v

Yl Yy circum;

62,2" that def,
L. Which, yng
K .L:’"'_Couldn'(
N8, The

We always advise the S“b-"“muo:!cﬂt
toluol. when possible, for benzok, bUtbcu
think any industrial physician wou
ing 1o vive a clean hill of health !
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T gre beginning to look upon it with more
We at® ooy Gammon of the du Pont
V;ET“UOI:.' bcliévcs it is much more harmiul

e we have thought hitherto. I hope he
ML) as the years go on, accumulate more
U e knowledge about it so that we may

: atf“:’s encourage its disuse, also. [ think

: Pat probably would be in the right dircc-

.
"TUyR. GUMMAR (Barrert Company): |
“yould like to offer onc munor observation.
Q?E‘cmmercial toluol, as sold in this country,
. does not contain any measurable amount ot

. benzol.

¥ CHAIRMAN PAINE: We will have to
ixs on to the next subject: “Fatigue gnd Its
Relation to Occupational Disease.” This sub-
Ject will be opened by Dr. Norbert Enzer,

b _Director of Laboratories, Mount Sinai Hos-
“Hal Milwaukee. :
o

‘:. ?atiguc and Occupational Disease

R. NORBERT ENZER: At ten-thirty
“4p the morning I gencrally have a very low
%ol of activity and suffer from fatigue.
4'.'fLFaiigue is a state of bodily ill health, of
Jnsent character. It is evanescent, as we
ederstand it and as the term is commonly
ewsed but, so far as industry is concerned,
atgue is that state of the individual at
<work which makes it impossible for him to
perform wha: may he considered an average

roed output.

_ Ttis characterized by certain symptoms. Tt

® characterized under ideal conditions of

rTrestigation by certain ohjective findings
. Wtich [ will claborate in 2 moment.

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

- labeled as the causative factor of the dis-
f% But as our horizon widens and our
‘???Dt of disease hecomes broader, and as
¢ Interpret the word “disease” as it was
“O2mally used in the Greek sense, a state of
'_"_"'fUOn from health, or dis-ease, then we
:“_; ;{ggrd an occup:_auonal disease as any
Ny [I il health which has been contrib-
o by circumstances of employment.
Urder thay

& definition there s hardly a
LR w

of % which, under some imaginable state
=18irs, couldn't be related to what tic
is doing. Those are the two extremc

"X drcumstance in employment which can
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dednitions of the term “occupatonai «is-
caze.” :

Now, any disease will produce fatigue. It
is almost synonymous that discase limits the
output or the capacity for work of the in-
dividual who has been afiected. What we
must recognize today is that fatigue may
aiso 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 mechanism of 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, most notably at the Harvard School of
Industrial Hygiene under Dr. Dill; and in
Europe, up to recent times, a great deal of
work has been done, particularly in Ger-
many and latterly in Russia; the object be-
ing, in the European investigations, to find
out what circumstances of emplovment con-
tributed to fatigue, to correct those cir-
cumstances of employment to prevent f{a-
tizue and, hence, to increase the output of
the individual in terms of his occupation,
witirout sacrificing any quality of his health.

Now, the thing that we lack at present,
<o far as its applicability to the practice of
industrial medicine is congerned, is a vard-
stick of fatigue. A number of investigations
are zoing on iu that direction, and I think
befsre long something will come of it.

Zroadly speaking, two main channels of
investigation are heing carried on. Onec is a
state of fatigue relative to the muscular
cazacity of the individual. In other words,
we relate muscle strength to the load. The
otrer is 3 form of fatigue which T think is

v

-gomg to be more important as time goes 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 muscles so that work may bhe
periormed.

Now, monotony of work may he the
greatest contributor to fatigue. I use that as
an ‘ilustration. For example, we found cut,
in ¢ne small investigation, that individuals
aved at work which called for dexter:ty
simbleness and a hizh degree of mental
<3 fatigued in less than a twenty-
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four-hour period. In other words, if a cer-
tain standard of measurement was applied
in the morning 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 plysi-
can.

The occupational disease, conversely, may
produce a fatigue which may not be recog-
nized unless the individuals are subjected to
critical examination. For example, we have
noted that individuals with a mild type of
hypertension, increased blood pressure, have
in many instances a lower fatigue threshoid
than individuals whose blood 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 atternpt
to correct them by medical program.

The industrial factor of fatigue, which I
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 jnb
over and over again, will have {atigue which
can be relieved if he can periodically sit

down, because his oxygen consumption in

the sitting position is greatly reduced over
the standing position, and he performs vir-
tually less work within himseli. Conse-
quentiy he has available greater reserves of
eniergy for his performance.

- hourly or-at hour "and one-half intenvalg,

" esting subject. A

‘:

.8

It has been pointed out, aud we have beey
able to show in some small in\'tstigation!“
that if it could be arranged that this jop
could be done in the sitting position, 1,
output would be increased and the indivig. _

ual would suffer less fatigue. e

It has been shown that, in jobs whigy’
call for a to-and-fro movement betwee
more or less fixed positions, without mych.
opportunity to rest, if the period is brokeg”,

and simple freedom of motion allowed o=
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 appli~
cation of bathing, in certain kinds of indus..
tries, will produce a diminution of fatigue -
and raise the capacity of the individual o
resist his industry or his job. Those are”

some of the features of the occupationl?

aspects of discase, or the industrial aspect’
of fatigue, rather. With that casual intro-;

duction we can go on and attempt to ans“jefz'
some questions. ot 3
B
Tests of Fatigue R o

gl

CHAIRMAN PAINE: Are there iy
questions from the floor? This is an in(:_r

DR \WALSH: I should like to ask 3>
question in relation to various tests of fa° -
tigue. The psychologists have all had peoplt
putting round pegs in square holes and al
that sort of thing, rapidity of processe:
That is one method that is not my coﬂ_ﬂ'{ -
of the way to measure fatigue, but it bf}I'S’~‘
up one point; namely, the relation of falie® J
to the mental status of the indivi “’&‘
Again, the psychological yardstick may %
applied. \What is the relationship of the ;"
telligence quotient of the indiviquai _tod;-
tigue? Does the person using his m?
his work fatigue more readily than on¢ &
ing physical activity in which no menta_‘.'.
fort i3 vequiced?- .

DR. ENZER: If I may rcitate the
tion, I think Dr. \Walsh really wants to -
out whether individuals of Jow 1Q * i
speak, experience the same phcnomﬂ"; 2
iatigue under the same circumstances .
individual of high 1.Q. o,

DR. WALSH: That is right.

DR. ENZER: | would say he o
though that is not generally recogf

quei” )

" BEN JOHANEK (Conno:

\\’zkcﬁeld, Mich.): Do you 1
of this is caused through imp

DR. ENZER: We are nc
that nutrition plays an imp
gervous fatigue because we k
crtain elements in food that
{or the integrity of the centrz

-fern. But we have been able tc
- preliminary experiments and {

veys that, in a general way, f,
cept in an extremne instance, 1s
but in acute instances it is. \\

* bv that? An individual who

prived of food for longer t:
mally accustomed, in other
meals are separated by too lc
time, fatigue will be producc
that on ourselves. \We took
arly morning until late at +

able to show increasing fatigu

We were also able to sho
)} kmown, of course—that

- tin Winds of food which g
‘ porary relief from fatigue, m

sugars, carbohydrates, and a

"-been done on the proteins of -

wnse that I kave tried to !

* this morning, diet is a factor
. Quse it becomes a discase st
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L.;‘_is A”\, [OHANEK ‘(Connor Lumber Co.,

Naye Ef' 7 R : : . .
IStigag: T 4d, Miclhu): Do you not think a lot
it “ti?:q }‘?;‘;f‘ils caused throvgh improper food?
."m,"ﬂ. 5 DR ENZER: We are now rccog'niz'u}g
e ndivyg. ", putrition plays an important: part in

PSR4 Senous fatigue because we know there are
jobs “hnd, %iertain elements in food that are important
at b‘“‘ﬁn' "?Iof the integrity of the central nervous sys-
thout mug _"\‘m Dut we have.bccn able to show in some
4 is brg %‘Mminary experiments and from some sur-
T intery). §>Iyeys that, in @ general way, food intake, ex- -

alloweq cept in an extreme instance, 1s not important,
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Factor of Noise

S MISS MARY LOU SCOTT (Jos. E.

Seagram & Son, Louisville, Kv.): I would

ke to know the eFect of factory noise in

-, Tegard to fatigue.

" DR ENZER: Noise is a factor in fatigue.
We demonstrated that objectively in a sci-
etific way in a lzhoratory, in this manner:
We tested indivicuals for the ficker phe-

. bomenon rate which, as [ said, constitutes

-our base line. Afterwards, we stimulated

teir ear with a sound -of a ‘regular-inten-’

restate the ques-
v wants to find
low 1.Q, so t&o
phenomenon of
umstances as an

.. % whether we could fatigue anc center of

e brain and in that way effect fatigue in

.. .wother center of the brain, or whether we
-©ould distract ore center from the other,

\Ye found that this investigation brought

0 light two ratker interesting things, or 1

;  ™ould say three perhaps. One is that there

‘. e, constitutionaily, individuals who are

h
say he does, al
- recognized.
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sensitive lo sound, uecause we could pick
out from a group of individuals people
whose flicker phenomenon was greatly de-
pressed when their ears were stimulated :
which suggests, perhaps, that such individ-
uals work best in a quiet atinospiiere. That
is a speculation.

wasn't affected at all. His flicker plienom-
enon was exactly the same rate.

nomenon raised; in other words, he was
stimulated by sound. I think casual exam-
ination amongst yourselves wiil
bring to light illustrations of the individual
who can concentrate on reading a book whilc
the radio is going on and understand both of
them perfectly satisfactorily,

by their routine work—in other words, we
conducted the same test in the morning and
got a certain base lire value; then they did
their day's work, and we tested them at the
end of the day—we found that fatigue ac-

ty, thythm and rate, the object being to .

i B
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Another type of individual coustitutionally

The third individual had his Ricker phe-

probably

Now, when we fatigued these individuals

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 {ound
that depression increased at the end of a
day’s work.

PAUL A. HARRIS (Woestern Austin
Co., Aurora, I11.): 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 glucosc
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 joh; but the unior-
tunate part about getting uscd to vour job
is you are not the same today as you wcre
five years ago. In other words, the individ-
val 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 manilfest.

\We have found that our so-called fatigue
testing standards showed no important fac-
tors, so far as age was concerned; but the
older individuals had a lower threshold to
the thing that produced the fatigue than the
vounger individuals. In other words, it is
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not entirely true that expericnce with a job
is a guarantee against fatigue.

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 Comman 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 hias been anyone who has
been responsible ior bringing to the atten-
tion ‘of American irdustry and the medical
profession the importance of toxicology in
industry, I think it is Dr. Hamilton.

[ will emphasize 2 few of the toxic limits
of the common solveats, so-called thresholds.
While these limits have been more or less
agreed upon by, authorities in this field, par-
ticularly such as Doctors Drinker, Haggard
and Hamilton, there is no threshold that is
arbitrarily perfect, and the actual decision
of whether or not t=e solvent has been toxic
is the observation of the patient who has
been exposed to that solvent, by a physician
who must determize whether or not there
has bheen a temyorary intoxication and
whether or not there has been a residual.

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

As an cxample ¢? probably the least toxic
solvent—I say leas: toxic because no solvent
is not potentially tzxic; in fact, some go so
far as to say that zil good solvents are toxic

—there is gasolire. It has been stated that _

1,000 parts per r:ilion is a safe limit for
continued cxposure, The matter of contam-
ination by other ::hstances such as benzol
in § to 10 per ceat in certain gasolines, cer-
tainly would alter :rat saie threshold.

“The next grovn of solvents which are
slightly more toxie, are the amyl and butyl
acctates and cther which are allowable in
400 parts per nuilion. Some authorities still
state that they belong in the 1,000-part-per-

- _chloride and_ethylene dichloride.

them as 400. ) 3

The third group of 200 parts per million;‘?
include the following: Methanol or woeq ..
alcohol which, as you know, may have 3 %]
serious effect on vision and cause blindness
toluol and xylol, tetrachlorethylene, 1r
chlorethylene and turpentine. e

The fourth group, which has dropped to
100 parts per million, include carbon tetrgo X

i

T

Then the fifth group of 75 parts per mii:; '
lion, benzene and dichlorbenzene; and finaily ¥ §-

nitrobenzene, which we, fortunately, ac."5}:

ally use very rarely as a solvent. is 3 pam:;'-
per million. <
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¢ in the factory. We of the wdical
have always felt that we like to
rds on the table. We know that it
*4s 2 great deal simpler to follow the ancient
*.gxiom and tell the truth. So that I adunire,
. for instance, the benzol company which puts
en its barrels, the word “Poison.” I am not
7 i 3 position to know whether they more o'
jess did that because they were told to, but
lnow they do it.

I think therc are many othér companies
- hat shouid put the same label on their prod-
os. In this connection I would like to tell
“of a case that I was asked to see, where a
“young boy, in the middle of the summer,
+yorking in a shop which made motors, sud-
"~ denly became very sick, had severe headache,
-Zwas dizzy, and had to-stop work. He was
Xiorking -vith a substance which he regarded
S3s barmless.

“When I first heard of the case I insisted

would want to see the process and see the
E_f{p[ant and get my information firsthand
~-mther than attempt to talk to some foreman
¢ telephone. (The medical professicn as a
ole is learning that it can only fulfill its
responsibility by demanding the right to
~Imow all about the exposure of the patients
~that come into their hands.) ’

anyonc.
rofcssion
T qut our €3

“. When 1 went into the shop I found that
- «this worker was using a large paint brush,
+ -dipping it into a large bowl of liquid. which
i te then slapped on the motor to get the
! gaase off. On this particular hot day he
cvolved the idea of setting a fan, which
- ordinarily, perhaps, blew the fumes away
from him, directly opposite the bowl of
[ taterial and blew the fumes directly in his
'}‘.fiCE- He gzot cooled, and then he got sick.
“=1 asked the foreman-what ‘was in that
t ~Balerial, and he said he didn't know exactly;
2 Was stock material, perfectly safe. as far
8 he knew. I said, “Well, I would like to
W what it is.” So there was considerable
“Ietting of routine. \We finally went out
B0 3 shed in the yard, completely dark;
1 e finally 7ot a flashlight. and we found a
_vel of benzol marked “Poison.”
XO\\"

rere g 7o one in that shop knew what they

- oing. Tllcre were a dozen other work-

{Cnu'-'lfh. doing the same thing but who,
natelv, had not gotten this brilliant idea

z tfthe fa;

The ¢

sinp a

urious thing about this particular
s that in another departiment, not -
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more than thirty feet away, they were doing

spray painting, and they were doing it prop-
erly. Instead of exhausting the spray over-
head and bringing it right back in the
worker's nose, they had their suction under-
neath the objects to be sprayed and took

advantage of draft as well as suction. They -

had good engincering equipment and staff,
but they simply didn't know what they were
using in this particular instance.

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

- him.

’

Again I demanded to sec the shop. We
found he was spraying an aluminum paint
with a harmless solvent, a diluent, with
good suction and a good spray gun. How-
ever, on further talking with him and con-
firmation from the foreman, I found he was
the onc man in the shop who was delegated
1o 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 he 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 werc -

using chloride. Finally, after great difficulty,

— and having to go to the trcasurer of the

organization and going into the files we
found that this was a material which they
tad bought from a supply house in another

city, and they did rot know what was in it. .

We finally found cut it was ethylene di-
crloride. .

The course of that individual is interest-
ing, in that we put him in the hospital. Tt
eventually cost thar company quite a lot of
money. I' was in this to find out all T could
learsi about “the action of that particular
substance. I put the man in the hospital three
cr four weeks and ¢id a number o delicate
tests on him.

Well, ke came through, and interestinzly
we found that he had an opportunity to de-




velop a cold once or twice. Every time he
did, he developed jaundice. Then, of course,
we did liver function tests zand found reduc-
tion of that. We found he -ad a weakening
oif the heart muscle. \We :ound a definite
loss of the reflex in one ankie-joint, showing
a definite involvement of the central nervous
system,

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

In my opinion, the toxic solvent is one of

. the most dangerous substances and it may

seriously disable and kill.
. Lead in Industry

As a preface to the subject of lead in in-
dustry I would like to sav that I am not
specializing entirely in industrial medicine.
T am onec-of that increasing group who feel
that industrial medicine is not a specialty in
itself but is merely a divicion of internal
mediciiie or diagnosis, large field of
medicine which in prive:s practice corre-
sponds to or is correlated with the ficld of
general surgery. I am gizd that a large pro-
portion of my practice is ::ill private prac-
tice. T am also consultinz medical director
to onc of our industriai concerns in Mil-
waukee, with branches ovir the country, so
that I have an opportunic- to see lead and
other toxic materials.

\When vou sece a man -who has said, “I
have lead poisoning,” do =ot forget he may
have some other disat s and discascs.
such as acute appendici zallbladder, kid-
ney colic and so forth. my private przc-
vee my inter®thas neesTtnarpentd co that
U always make an cffort <5 take a very care-
tul occupational history .2 a patient, even
though he may come to == purely as a heart
case, lung case or what-kzve-vou.

In this particular plzat in Milwaukee.
which began bv having znd still has, as a
large proportion of its w-rk, siorage battery

20:h National Sajcty Congress

plants, when [ came there about ten ‘e
ago we were having an incidence of abo“;
24 lead cases per 100 cmpiovees per ypy
which corresponds pretty weli with the pe.
centaze of 13 to 16 reported by the Public
Health Service in work abecut that time.

In five years, by cooperation with jh,
medical department, the engincering depary.
ment and management, we dropped that ¢
an incidence of 2 per 100, and for the pag
five years we have had no cases of leag
poisoning at all. We are still handling legq,
and we are still handling it in large amount,

[ think that in the storage battery indys.
try, probably, men are exposed potentially,
at least, to the greatest concentration of lead
for absorption directly into their bodies thag
in any other industry. I am ziad to report
that, having followed this particular group
of workers of about 80 for this period, at
the end of ten vears they are certainly just
as healthy and, in many respects, T think
lealthier than the general run of the popu-§
lation. Of course, we have reduced their ©

lead absorption, but at times it will bm\k'-;i

down the physical resistance and respiratorf-:
protection. They occasionally have largey
doses of lead. Many of these workers were™
persons who had had lcad poisoning or sen:
ous lead absarption in the period of
servation.
Lead is one of the most widely used o
called poisons in well over 200 industne.;
I think there is no doubt but in the large’
inclustry the hazard is well conzrolled. First
of all, it is recognized and then cvery efort
is given. No expense is spared to study the -
men and to reduce the continuance of a1y
exposure. However, in the snall industeT,..
which is the major portion of industry 8
this country, lead is continuaily cropping up
and even silicosis, which got the cc.nlcr:l
the stage in recent years, certainly in Wise
consin, has now taken a back step, and le?
has come back into its own, together ““Jh:,
the ever increasing use of solvents. o
1 would like to stress azain the da’ﬂg‘;
here is one of non-recognition, that we i3y
our trouble in the smail piznt, not f o
large piant. [ will rapidly run llu'ou';hk‘"‘d
types of industry where T have seen .
poisoning occur and in which it 18 an
poriant factor.

The nost important is t
industry. Then the streamfining
mobiles and trucks where, after ¢

. patrery
s the sioragt VAT
ai our 3,
Jing, @

course, as r
frst smMoon:
it cooled,
grinder anc
finely divide
the fact thz
any lead inc
Remesber
more danze
yery rarely
through the
ception of
orga.ﬂic and
It is ratu
gpailer pla
give up ma
Hereisar
horse-and-b
to hand filir
are heavy ¢
The proble:
by machine
It has al.
ing was ve
perience in

- itis very ro

where lead

- substances,
- forth, whic.

however, le
use it
stand the w

Here we
finely divi
burn off o
the large
tither by
ing. There
leIdtd du
feember -
rectly into
culates the.

I make 4
ay worke-
ng offor
that purpe
worker.

In the
ships, of ¢
nee of e

coat
forms af
oSt invic
de‘ Syster

OINg that
°Du’\i0n, i



e
¢ abou:
<t ye:,
the s
-‘_ Pub‘:i:
lime,
Wh e
depan.
that to
ihe pay
0f lead
g lad,
unounty,
 indys.
‘entially,
: of lead
iies than
‘0 repon
T group
>riod, at
‘aly just
I think
e papu-
+d thar

;i1 break _‘
ipiratory -

the large
ted. First
~ry effort
<udy the
» of 2y
industry.
fastry in
-.ping U;‘:
enter o
in Wi
and lead
her wit

A R R PAE - T

ursc, As mMany of you know, they were at
cﬁ';-g 5méothed off by lead paste which, after
a4 cooled, was then ground by machine
Y . der and produced a great amount of
Enely divided, inhalable dust. This brings up
ﬂ.; fact that the most important hazard in
z:".y lead industry is the point of inhalation.
Remember that lcad dust inhaled is much
more dangerous than swallowed, and that
. rarely are lead compounds absorbed
+ "through the skin, pcr_haps \\:ith thg one ex-
: ‘eeption of tetrachloride fluid which is an
. organic and fat soluble substance.
"+ It is rather amusing that many plants,
‘gmaller plants, particularly, have h?q to
ive up machine grinding of welded joints.

Here is a return of modern industry to the
1isporse-and-buggy stage. They are going back
\.%10 hand filing where, of course, the particles
fare heavy and are too large to be inhaled.
The problem can be licked, however, even

:%' machine grinding, if one uses respirators.
-3 It has always been said that lecad poison-

':""qi;g was very common in painting. My ex-
Phrarience in ordinary painting nowadays is
474 is very rare, particularly on inside painting
Whe:e lead has been substituted by other
tances, such as titanium, zinc and so
orth, which are harmless. On the outside,
B Yowever, lead is still used, in many instances,
W bicause it is the one substance that- will
2Xgtand the weather.

'
‘Here we come again to the question of

- §Lhn divided, inhalable dust where men

S burn off old paint in private homes; not in
the large installations, of course, or sand,
Leither by machine sanding or by hand sand-
r;“"_b& There we have the question of finely
Frdivided dust which is izhaled. You must
¢ - Jyemember that dust when inhaled passes di-
“retly into the system and immediately cir-
-flates throughout the entire body.
= -1 make a recommendation. therciore, that
. . oy worker that has gotten his lead by burn-
[ g off or sanding, be given a respirator for

"2t purpose, even though lLe is an outside
~-Worker,

In the wrecking of old buiidinzs and old
+ o UPS, 0f course, there is the constant pres-
m of lead absorption w.hen the stcel has
-«{" coated with several coats. It ideally
~ .2 fume which is so fne as to be al-
PR invisible and is absorded directly into
. System. Thie oniy war that a worker
8 ‘ha} can really protest himself, in my

» 15 10 use an air-i'nc respirator. [

v C
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have secn 2 great many men in one particu-
lar type of ship industry, cutting up old
ships outdoors in mid-winter, and 1 have
never seen men leaded up so rapidly. Of
course, this is an old story, The Navy
found this out twenty years ago when they
scrapped many of the old ships. Unfortu-
nately, somc people in industry, as well as
doctors, are not very good on keeping up
on their own work, by reading, 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 I examined
the men. To be sure, our list was not large,
some 30 men in fourteen different printing
establishments, but it was striking that all
of these men were in excellent health and,
as far as | 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 remelts 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 one who remelted—he was the for-
gotten man, worked down in the basement
on a kettle, where nobody paid any atien-
tion to him, and there was no protection.

In passing, I will simply name soldering,
and that occurs very frequently even in the
cvaporated miltk industry out in the country;
tempering of muetals, brass foundries, ink
making, insecticides. This potentially may
occur in leaded steel when it is scrapped.
Then [ would class as the final one, the
risk which says they have no lead hazard.
That is the place vou should look particu-
Iarly.

As I 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, vour en-
gineers reduze the-exposure to L3 milli-
arams, [ don't think vou wiil have a case of
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lead potsening, However, s a2 matter of
practical interest. [ think it is very difficult
to uet there in ordinary industry, and I
would more or less formulate 3 as a safe
level. | think it na< also been found by other
workers. However. if you get over 3 you
certainly have the possibility of serious lead
absarption.

1 want to emphasize that mere lcad ab-
sorption does not mean the mian has lead
poisoning. He may have a lead line, may
have lead in the urine, .08 millizrams per
liter, hut that does not make lead poisoning.
That is merely evidence of absorption. He
must have, in addition, clinical symptoms of
une of the three types of lead absorption.

As a fnal word in regard to the role of
the medical profession in its cooperation in
industry, it seemns to me that the medical
man should first of all be responsible to
the highest man in authority in the plant, <o
that he can go direct to him with any prob-
lems that arise, and before any new pro-
cedure is used or any new chemicenl, have a
conference with the physician to sce whether
there is any possible danger, whether therc
are volatile solvents or lead, so that the
danger 10 the men may he prevented hefore
it happens.

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

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

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

DR. BELKNAP: As far as T know, there

~—is no ill effect {iom ihe*inhaiation of kero-

sene.

R. S. SKYRM (Employers Liability As-
surance Corporation, Boston): Would Dr.
Belknap recommend the direct venting oi
lead pots on linotype machines  where the
pots are clectricaily hcated and thermo-
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statically controlied s0 the temperatnre o
the lead does not exceed 300 degrees?

DR. BELKNAP: That is a good prac.
tical question. As we know, lead melts g1 5
much lower temperature when volatilized.
In my experience, lead does not really vol;.
tilize until around 1,000 or 1,100 degrees.

In this group of workers that T am {g. -
lowing, some vears ago, large lead pots, twg
ar three feet in diameter, were unhooded be.
cause of certain changes in technical pro.
cedure, and the plant never got around o
the hood. T disapproved of that and re.
peatedly said they would have cases of lead
poisoning there if they didn't hood. They -
said they would just as soon as it was prac. -
tical. It has never been practicable, and [
am here to sav we have had no lead cases
develop to the point of disability, and we 3
have had very little lead absorption result *
from that. The same men have worked there
for ten ycars, dipping lead out of the pot,
incidentally, at temperatures ranging usually
from 830 to 930 degrees. In this group of *S
linotype workers we found no evidence o!i -
leadd absorption in some nf the shops where X,
they had no suction. T would not say in my‘%
own cxperience that hooding is nccessary;{“

!

500 degrees. 5
MR. CARR: 1 wouder if there is ady

cvidence to indicate the toxic limit for butylzg® i

alcohol could he raised above that givenl?

We had cxpericnce over some twenty years 3y |
p A “. Phenomenon from

-7

with the same group of men, working
concentrations from 200 to 400 parts per
million, ard under careful cxamination they's
have shown no indication of trouble S
One other question is whether much work.5
has been done on toxic Jimits of dioxene? _:_
DR. BELKNAP: 1 think Dr. Ha.milton;
will have to state if she recalls whether w¢
have toxic limits established for dioxene
DR. HAMILTON : Dioxene is the trade™
name for diethylene chloride. No toxi; limit -
has been e¢:tablished for that. We consnde"_‘_ B
it a fairly :afe solvent until some very 4%
astrous cases occurred in England frof..
over-expc -ure, causing five deaths. Sinc® :
then we “ave Jooked upon it with a &
deal more suspicion. There has mot % .
enough work done on it to ¢stablish 'zn.;_
maximum allowable concentrations. ;"-:
DR. PELKNAP: In rezard to butsl 2%
cohol, the butyl radical acetate is much
toxic than ethyl or methyl, pnr(icu)arl)’zc:’.
I would he interested in your point oF V€U

{ dhink probably i
Jimits.
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| think probably it could be madc at safc
mits.

MR, GUMMAR: I want to endorse com-
pletely the principle of maximum clearances
o safety standards in engineering, but they
sould be based on factual data. As regards
pluene. there have been enormous quantities
wed in the lacquer industry since spray
minting came into use. It is sprayed into the
#r a5 fine mist, and even though it evap-
erates at a slower rate than benzol, if you
phale the mist, you get severe cffects, if it
5 toxic.

[ have emplovers in four states, New York
Smte. New Jersey, Ohio and Connecticut,
who for the past sixtcen years have not had
any reported cases of chronie toluene poison-
.ing; vet Ohio in the past sixteen years has
‘led over 69 cases of poisoning from gaso-
_ine in the petroleum industry.

% A¢ to the experimental results, T can find

‘oo experimental data indicating the toxicity
“stouid be such a low value. Seme of the
lrenfusion arises from the failure to dis-
tinguish between chronic and acule poison-
“mg. It is a fact that in extremely high con-
centrations, toluene and xvlene are nore
toxic than bhenzol; that is. if you go into a
chamber where there are 20,000 parts per
miflion, you would he unconscious auicker
fromm tolucre and xylene than yvou would
with benzenc. but that is an entirely separate
_;\her.omcnnn from the <low chronic poison-

ne.

CHAIRMAN PAINE: The next topic
will he “Skin Affections” and that will he
hazdled by Dr. M. I. Reuter.

Skin Affections

DR. M. 1. REUTER: When we consider
o what cxtent the skin of the worker i
¢xposed to injuries, the action of chemica!
ants ard the various infectious agents
ot surprising that occupational skin d
fiies are a major problem in industry. T
Usited Suztes Public Health Service cete
Tates 69 rer cent of occupational diseasc-
472 skin (aecdzes. Thev caccied out a sauds
r"[ 100,000 workers and l'ound.. in the cou
;\-: year, hat onc per cent of lhc.:r.- worker:
_f7¢ afected with scme skin discase as
2 toof e .. This did not inclur=
s and alkaliz, and "=
infections of <cratehes -

is n
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The problem conironting the physician is
to determine the relationship between the
skin discase 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 uncleanii-
ness of workrooms, of clothes and of per-
son. Previous skin discases as, for example,
cczema. are potent factors, because individ-
vals 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
cyelids and genitalia. Anything which lowers
the normal threshold of resistance of the
skin may act as a predisposing factor in the
production of dermatitis and of infectious
Iesions. These factors include bruises, marked
sweating  and  maceration, prolonged ex-
posure of the skin to water and especially
to alkalis and repeated scrubbing of the skin.
These agents tend to remove thre normal
profective coats nf the skin, that is the outer
horny layer, and thus expose the sensitive
epidermal cells directly to irritating material.
A point fairly recently emphasized is that
indlividuals with common athlete’s font are
much more prone to occupational dermatitis
of the hands, Apparently this infection of
the feet acts as ’ semsitizing factor.

The actual causes of occupational denna-
toses are mechanical, physical and hiologic
azents and chemical irritants. NMechanical
avents produce hrutses and lacerations, as
well as friction and pressure resulting in
varigns inflammations and thickeninz: of
the <kin.

The physical azents which may produce
and

an occupationai «ermatosis are heat
cold, etther dry or wet, electricity, ulteavi
ravs, cither from the <un or artificiai, :
aerayvs or radium.

The hiologic azents are the commicn hac-
teria, fungi and parasites,

Far the most part, Fowever, occurational
aTections of the ckin are the -esuit o von-
et wwith drritants - :

of
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usuaily acids or alkalis producing simpie in-
fammation of the skin.

As a subject for discussion, I might say
tha: probably cleansing agents used by the
workers are one of the most potent factors
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
ltmit 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.

"
<1

Tifth, 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. \Ve know also of certain aniline
preducts which would produce cancer of the
370, of the urinary bladder, and so on. I
think that subject is highly complex, but I
think it should be brougit to your atiention
that in the dermatology of today we deal
not only with dermatitis but also deal with
tumors.

" the skin arising {rom alleged con

UR. REUTER: I have had ver

" . eyl
occasion to pass on a question of ca ¢

Reer of
; ) 13 wiy
some carcinogentic agent. .

C. T. DENSMORE (Koppers Co, g,
Pazl, Minn): I would like to bear 5 little
atout the effects of coal tar and Creosole -
oiis in relation to cancer and whatpy-
and also the inhalation of the creosole ..
pors. 3

DR. REUTER: Regarding the deveipy:
ment of cancer from coal tar and creasals,
I kave had no experience. We do know thy -
coal tar is the nearcst to the skin and dou”
produce an inflammation about the o™

ciiicles called folliculitis. Tt is undoubtegy® |

Cue to the plugging of the follicles with tha
tar and perhaps somec stimulation of the’
epidermal layers of the skin from the -

which sets up this inflammartory reactiog”}

around the hair follicles. I think the same {i
true with creosote. But, regarding the actud
development of hypertrophic lesions of
skin, particularly cancer, I have had no ¢
perience. =

DR. BELKNAP: As for creosote, I lags}

kad no actual cases brought to my zit'a-,é:

tion. As far as I know, the fumes woulgl'ﬁf

no more irritating, possibly, than causinr'iﬁ

irritative cough. I know of no cascs,’r'”
ci acute chronic bronchitis or other
cinogenic results. N

CHAIRMAN PAINE: We wil lg;;g-
zny other questions to the end of the sd

sion and hear Mr. H. A. Nelson, Indusllﬁ!f'

Cummission of \Wisconsin, on the question:
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dustry just as clearly as does an
,cddental injury. There are various ways of
peeting the problem. One, of course, is to
do nothing about it an_d.that is \\-l‘lat about
eighteen states in the Union are doing. They
are not compensating occupational diseases
3t all. Out of the other states there are a
~few which are compensating all occupa-
"gonal diseases, and some of them are com-
. pensating by schedule.
" Now, schedules are usually designed so
- ihat there are a great many diseases which
“are named, but very generally you.w:ll ﬁpd
‘that they leave out the one occupational dis-
e which causes the most disabiliry. For
7 example, silicosis is left out of a great many
of -the state laws which have schedules.
herefore, silicosis, which is a serious oc-
pational disease is not comperisated.

When we go back to the prime principles
workmen's compensation, we wonder why
Uhe’ compensation fathers didnt face the
“€question at the time the compensation acts
“Twere passed. That was the time to do it
ZEither through inadvertence or, in some
““eases, through design, occupational discases
-were left out of the laws pretty generally,
but accidental injurics were to be compen-
sated. 1 think that was largely because of
the rather violent split from the old common
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 vears occupational diseases still re-
main uncompensated in so many siates.

When we consider the nature of a1 occu-
Mtional disease, which is usually a slow,
insidious process, over which the man him-
‘df’. the employce, has no control, but over
%hich the empiover, as these physicians
have told vou this morning, has the entire
Power of control, there scems to be one
hundred times more reason why the em-
F‘O,\"ee who cannet protect himseli in any
‘°551§|€ way sirould be compenszated 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 the
expense to him will be rather great for the
time being, and that must be met in various
ways. Emplovers 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-
pational disease, as to causation, between
the process and the fina) 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-
ence within the Jast few years.

I think those questions are no more diffi-
cult to decide than the questions of aggra-
vation of pre-existing conditions which are
clearly under the law, if we may ascrile
them to accidents, and also to the obscure
conditions which are ascribed to. accidents
and as to which compensation hoards and
commissions have to make decisipne every
day.

Can Stamp Out Disease

But the most glorious thing that has been
accompliched by occupational discase laws is
the fact that emsiovers have hecome con-
scious of the fact that ey can stamp out
occupational discase. | am glad to say that
in \Wisconsin we have practically stamped
out silicosis, that in a few vears more it is
zoing to be practically a negligible thinz.
Dr. Belknap has sitown vou how lead pois-
oning can be almost entirely eradicated.
That is the gloricus thing whick we have
achieved throuzh the passage of occupa-
tional dizease law: I want to give a very
few fizures showing the drop in <jicosis in
the State of Wisconsin since 1933 to 1930
These figures are the percentages of com-
pensatic: which wwere paid in sijico<is vaces
as compared with the total. Tm 1933 the Az
nre was 9.3 1932 28 1935, 70 then S oand
2 and 9 per ©oand. i the sear 193943
per cent wh v foure B 2ettine about
e a levol

[ think
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case be cempensated. The trend is coming
on. [ belicve that industry and saciety wiil
be gratified when the problem has been
solved by whatever methods may be adopted
and suited to the different states.

CHAIRMAN PAINE: Are there any
questions vou want to ask Mr. Nelsen he-
fore we go into the general discussjon?

ADOLF AMRAM (Hamlin & Co., New
York City): We passed a compensation law
in New York State some two or three yvears
ago. Perhaps vou recall that first we passed
a most illogical faw, the all-inclusive act
which acted most disastrously not only to in-
dustry itself but to the workmen. You arc
familiar with the history and the recall of
that act. | dare say in a number of states it
is absolutely right and proper the campen-
sation act should include silicosis, but it
should include silicosis on a schedule basis,
as [ think 1s the case in Tilinois.

MR. NELSON: All states are not as
fortunate as some other states. 1 think we
are showing generally throughout all of the
staics that the problem can he soived.

Protection for Welders

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

J. S. GREEN (Edgewater Steel Co..
Oakmont, Pa.}: I would like to ask to what
extent an ordinary welder in a small plant
should be protected? Once in a wiile there
will he a hardening material which has
poisontous results, Other times there will be
flame cutiing of paint on a product which
will raise some noxious poison. To what ex-
tent would a welder or a cutter have to he
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 inaterial that has been painted?
I will ask Dr. Walsh to answer that ques-

S e O o

DR. \WALSH: Within the past couple of
vears we have had occasion to go over a
zroup ol about 1,000 welders. Of that group
somie 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

taken. Disat due to sickness over the
ten-vear perioz was calcuiated and seeq for
cach individuai man. There certainly wy no
marked difference in sickness rates and
disability rates in the weiders as compary
10 the generai run of employees working
their side in the same plant and in the um,
economic situztion.

When you are considering welders yhq
are cutting painted materials, lead-bearing
paints, or who are welding in confinyg
spaces, yvou kave a different problem; py
for the ordinary welding group, working iy
a large, airy room, with ordinary preay.
tions and ventilation, their health is just 35
good as any oizer group of workers. If they
are cutting paint or toxic coatings of any
kind or leag-iecaring stecl, or if they are
working in a tonfined space, then additional
respiratory protection is necessary.

So far as tic question that was rampant
a few ycars zzo, 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 arnd Dr. Sander at Mlilwaukee
have had occasion to examine at postmorten’’
a few of these individuals who have been-:
welding for long periods of time in confined .
spaces, usually, They did find there was an‘g
increase of iron i the lung but no ﬁbro;is:
causing harm. o=t

Recently, we alsa have examined anothcq;:?
group of wellers, that is a variant of the
welding trace. scarfers, in the cominuous“
production steel. These scariers use 3
long torch azd blow out the defects in ll}t
billets rather than chiseling them out. This.
group also, le it is an infant in the group
of welders, zpparently have no health hat-
ards of any cansequence in their trade. In
other words, 1 think if ordinary precat:
tions, so far as ventilation and so forth art
concerned, w2 need not be concerneq other
than if we are using lead or chromium o
some of the oxic materials. ]

CHAIRMAN PAINE: Dr. Enzer will
speak for @ minute on the subject and ther
Dr. Betknaz will follow him right up.

DR. ENZER: I want to scize the opp”
tunity to mzxe some commgues relative to
the generai z:iitude of this panel
It is most important that in any ApProY

. . . e 16
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member tha: a statistical analysis 0t grfolht
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a who might boast of a 99} per cent
recovery rate from a specific operation, the
{.,di\-idual who happened to belong to that
1 per cent constitutes 100 per cent mortal-
xll\ for the individual. There is a very sharp

o

" ecatrast there.

Now, when we talk about safe limits of
toxic solvents, safe limits of toxic agents,
e limits of an industry, we must remem-
bc' that the problem is not going to be
“wlved by a blanket generalization of a
problem, but by a careful and meticulous
azalysis and study of the individuals ex-
posed to the industry. I know of no other
v that this can be done except that in-
try realize that the profession of medi-
. forins the keystone to the solution of
-*these problems. .

DR. BELKNAP: [ simply wanted to am-
what has already been mentioned, and
¢+ is when a welder or cutter works on
y rial that has been painted or coated
™yith lead, he, of course, probably will ac-

g

'“quire lead absorption in a sericus fashion

hout as quickly as, if not quicker than, in
am-other way.

s 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
tie such a respirator. In my own particular
series of cases one of our cases of lead ab-
krption was a welder who had been re-
piiring  some ovems containing  a  large
amount of lead.

.f.xso_ 1 had occasion recently to see hali
2 cozen cases of cutters who were cutting
2 tanks in a large chemical plant. These
steei tanks had been lined with lead. They
:c:!‘d not understand why the men were
B=ling lead. They went through the lead
%ilh 2 torch 3000 or 4000 degrees and they
absorbed lead eoxceedinzly rapidly. It is not
3 CiBcult question to solve at all but it is 2
P2iter of laving perfect confidence in what
the work is for and preparing for it.
“‘lfLR. CARR.: In conncc}im) with weldingz,
* nave had instances of zinc chills from
~o®on zalvanized iron. We have also had
- from the use ¢f

we-

teaied eloctrodes.

_t}“"-mnirl al-o like to cail attention to =
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u‘:--'_’-? o: meralz before painting, byt

50t aepecial oxveacenlence torch, T
nreviousty ramtcd metals as owein
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Occupational Discase

as those which
them.

R. J. WOODHOUSE (Continental Cas-
uaity Company, New York City): [ had a
case a shiort time ago that I was called upon
to investigate. The man worked in a small
printing plant where he was assumed to
have contracted lead poisoning. After mak-
ing immpinger 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 degrees
and the experts proved that toxic fumes
were not liberated.

simply have mill scale en

I wonder what yvardstick the referces used
to measure those cases, in the face of such
expert testimony.

MR. SKYRM: I would like to know tlie
relation of hemlock poisoning and poison
ivy to skin disease.

‘'DR. REUTER: Poison ivy, of course, i«
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 15 a question of whether in
itself it is not an irritant to all people'-
skin.

We used to think we knew the cause of
poison ivy dermatitis, but more recent work
has tended rather to disprove that we do
know the actual cause of what it is in the
plant that produces dermatitis. Apparentiv
it is & waler-sotuble fraction rather than
nil.

Its relation to occupational discase oo
pends on what the individual is doiny. 11 lie
is exposed to it in his occupation, lor (x-
ample, as a farmer, \WPA worker. lumier-
man or any occupation that keeps an indi-
vidual out-of-doors, and he contacts poisen
ivy, it certainly would be an occupativnui
dizease. Poison ivyv. dermatitis is apt to lLe
A much wmore violent dermatitis than thie
from hemiock.

CHAIRMAN PAINE: Mr

will you repeat your question?

P. W. GUMAER: The question was, v
is the basis of the comparatively low B
mum concentrazion of toluol in the uieince
ot any reported oecupational disca-¢ cne
and are there zny expernnenial data 1o o
atosucih @ low concentraton ahiete -
oxperimvental = deals with chiromie pora.
i oand not ow scute poiconing - ’

Gumaes,
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DR. BELKXNAP: The question s,
wiicther toiuol is realiy as toxic as I inti-
mated it might be, being permissible in only
200 parts per million. Is that right, Mr.
Gumaer?

MR. GUMAER: Yes.

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

I do not know whether there is any prac-
tical experimental work backing that up,
but inasimuch as toluol and xylol are very
ciosely related to benzol, I assume that the
authors felt that it as yet could not be given
an cntirely safe record, for instance, com-
pared to zasoline.

1 will say, among a group of workers who
have heen working with adequate protection
for several vears with toluol solvents, T have
seen no general reaction.

DR, HAMILTON: May I speak to that
for just a moment? That presentation 1o
which Dr. Belknap refers was got out
simply because a small group of us felt
that we might as well let the public know
what was our best guess at the present mo-

ment with regard to maximum allowabic
concentrations of the most commoniy used
salvents. It is founded very largely an guess-
work.

The gquantity of 1,000 parts per million Zor
zasoline is guess, and so is 200 parts of

toluere. We are hoping that we shall he able
1o give more accurate figures presently.
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The American Standards Assocmuon by
1 committee at work in this fleld, with 4
small subcommittee. \We liave just finisheg
dealing with two gases and two volatile .
vents, carbon monoxide and benzol and ;.
bon disuiphide and hydrogen sulphide. Ther,
we have been able to get pretty accurage
figures because we have data to go on.

We are now trying to deal with twelye
others which are going to be increasingly
important in the munitions industry. \ye
hope to be able to give out more accurats -
fizures then. But it is a verv difiicult proh.
lem. You see the only way we can get any
accurate figure is by having a combined
inquiry made by the physicians, the cheme
15ts and the ventilation engineers, because
we have to know how many cases developed
in & given workroom at a given concentra-
tion, and alzo at what conceatration do ne
cases come. i

We could do that with the jour T have-~
mentioned, but it means, as vou see, a great !
deal of careful study in the factory and in .
the physicians’ examining room. Bringing"
those two together, we can do it with re¥
gard to lead; we can do it pretty weil with‘g
regard to mercury, and we hiave pretty goo(_{:
data with regard to zinc oxide fumes.i
galvanizing iron and brass foundries apf:[.'?
zing smelting; but the rest of the substances”
still are more or less in the realm of guess-:
work. >

CHAIRMAN PAINE: May I, in your,
behalf and in behalf of the National Safety*

Council, thank the gentlemen on the plat

form who have so kindly led us in this dis-

cussion? Will you express that thanks by
giving them a rising vote? -

... The audience arose and applavded. .
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this ventlating current be interrupted for a
period of 24 hours and with the same
amount of methanc being liberated. therc
would he 5,760.000 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 mnow available
which will automatically indicate and record
percentages oi methanc. One type may be
located in working scctions on cutting and
loading machines, in the last breakthrouch
and along haulage roads. This can be ad-
justed to give a warning by a signal light
or other means at any predetermined meth-
ane concentration. For example, at | per
cent or any specified percentage between .3
per cent and 3 per cent, it will operate
special clectrical circuits through suitable
relays 1o cut off the power in a section or

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

Although the attention of those interested
in discases peculiar to mining has been
focused recently on one dust discase—sili-
cosis—other respiratory diseases may cause
more suffering and economic loss. The in-
creased incidence of these diseases 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 ir-
cluded in this paper are old they have been
corrohorated by later, less complete data.

Bronchitis

Bronchitis is an inflammation of the
bronchial tubes due, among other causcs, 10
the inhalation of irritants such as dus:s
{organic and inorganic). Occupations that
entail exposure to atmospheres polluted by
irritating gases carry with them the risk of
bronchitis, According to Collis,' it caunct
be distinguished clinically from bronchitis
occurring among the general population and
its association .with the inbalation of dust
or gases usually is unrecognized.

29th Natwa, Nuteix Congress

give warnings in other parts ol the mine o
to the outside. Methane recorders for con
tinuously indicating and recording methas,
in main returns particularly have been pez.
feeted recently and are designed to be N
cated in fan” houses or other conveniey
places.

There is no relation between the volup,
vt mcthane given off in a coal inine and
the chemical composition of the coal, as boty
bituminous and anthracite mines produce
methane, and methane has been found &
metal and other mines when tunnelice
through carbonaceous shales. The commm
occurrence and explosibility of methane 3
respansible for numerous mine disasters and
every precaution should be taken to keep &
within safe limits. This can best be doge .
by the wse and guidance of methane detee.
tors,

During middle life bronchitis causes mo ¥
recurrent invalidity and incapacity. 2\[0}13[7
ity records compiled by Collis® 'xndxa_tq
that it is of a chronic traumatic origin ass-
ciated with irritating atmospheric cond-
tions, rather than of an infectious orngit. .-

Statistics for bronchitis for the geners "

population and for workers exposed to dus 3
in Great Britain® for 1921-23 show the rok § )

plaved by dusts in the increased }ncxdmﬂ A
of the discase in certain industries.
comparative mortality per thousand (382
26 to 63) for those in occupations expo

to siliceous dust was 214, for those expos

to nonsiliceous dust 59.5, and for the 8"'_
eral population 49.6. (See Table 1)

In this connection it is interesting to o
the mortality statistics per thousand.(aﬁ
26 to 65) for coal miners of counties 2
\Vales (in which most of the coal min o
anthracite) compared with those fo‘r
other groups in England and \Vales.
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o ple 1.—Mortality per 1,000 from Bronchitis in Dusty Occupations and in the
. VT’ General Population, by Age Groups

/ .

’ Comparativ ¢

. Ages at Death Mortality

e Figure
20— ‘ 25— | 35— | 45— | s5— 2065

. ions exposed to

‘-sn.ce:g:zifx;f ............. 1.1 1.0 | 137 | 436 | 1337 “214.0

Nonsiliceous dust.......... e e 4.9 12.8 41.8 59.5

'&n!m] population. ......... 0.5 1.7 3.4 28.8 49.6

?'us were found among 344 employees of

& > . ;
éo anthracite mining companies examined.

“fn the study conducted by the Bureau of
‘“}nes and the Public Health Service at
ficher, Okla.* the highest incidence of sili-
@sis or tuberculosis, or both, was found

hitis, pleurisy, and asthma.

; l':Ie.' 2.—Comparative Mortality Fig-

yres for Bronchitis per 1,000 of Certain

i Groups in England and Wales

2
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.ed to duis { dales in same social class....... 10
S the rele M occupied and retired males. . . 30
3 incidence tio of rate for hewers and get-
-_mc;' ‘:_ ~terstorate for same social class. 302
sand {ag : 'in three counties in Wales.
415 eXTOX. -
e e.‘;@"-‘
1rothe g
s L) Table d.—~Influenza-Pneumonia Mortal-
sinztoree § ¥ 2mong Bituminous Coal Miners—
ssand (e3¢ October to December 1918
counties O
al mired #
i for B0 L b Annual Death Rate per 1,000
ajest T eriod
A Bituminous All Industrial
Al Coal Miners White Males
 Ages! 30.1 22.3
~—~
1825 9.5 17.5
B 62 326
365 l 4 1.7

smong men who reported having had bron--

Influenza and Prneumonia

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 infivenza or pneumonia. This is
equivalent to an annual death rate of 50
per 1,000, Among all occupied 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 65 ycars the rate among bitu-
minous coal miners was about four timwcs as
high as among all occupied males in the
same age group. (See Table 3.)

Influenza and pneumonia, as reported, -

were responsible, in the years under studw.
for 31 per cent.of the mortality in the group
of bituminous coal miners at ages 16 to 70
in Indiana, Missouri, and \Wyoming com-
pared with 19 per cent among both farmers
and “all other males” at these ages in the
same counties. (Sce Table 4.)

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

In the epidemic year 1920, the proportics
of deaths irom influenza and preumonia
was smaller than in 1918, bu:, as was found
for the an:hracite miners, the bituminou:
«roup showed a wider difference in the pre-
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Table 4. —Percentage of Deaths from Influenza and Pneumonia (After Deductiy

Accidents) Among Bituminous Coal Miners Compared with Farmers, and Witk
Other Males in the Same Areas of Several Soft-Coal Producing States?
1
! . Ages
Mate Groups Under { ;
Comparison {1610 | 16-30 | 3140 ! 41-30 | 5160 | 6170
o : ! P T BT
Bituminous coal miners. ... ... ... ¢ 3L 49.4 +4.7 251 ! 19.3 10.4
Farmers....................... 187 384 | 324 19.7 | 124 10.8
Allothermales..... ............ | 18.6 30,0 + 290 | 160 113 10.8

! The death reenrds for soft-coal miners were obtained from 1S cnal-producine chunties of Indiana, 19)6
20. inclusive, B enal counties of Missourt. 1917-21, inclusive. and the 6 prinainal cual-producing countiey
of Weoming, 1919-13. inclusive. The record for farmers and for “ull athier males™ was obtained from the
ahnve-mentioned coal-minine counties, and-aizo fram 3 agricultural counties of Wyoming, 1919.23,

portion of deaths from this cause compared
with "ail other males” than in 1918, The
pereentazes in 1920 were 29 for the soft-
coal miners and 10 for “all other males.”
In thic epidemic the bituminous miners at
ages 40 o 60 suifered heavy excess mor-
influenza-pneumonia, but the
differential mortality was not quite so great

tality from

as at aze: 16 to 30.

Among hewers and getters of soit coal in
Enclaud and \Wales, the death rate from in-
fluenza and pncumonia, 1921-23, was about
12 per cent greater than among males of
comparable social status (social class 3). The
dificrence was found to he 3.8 times the
probable crror oi the difference which is
certainly a significant variation.” Thus, an
influenza and
pricwmnnia is consistently indicated among
miners of coal=hath anthracite and bitu-
minous—in Engiand ag well as in Anierica.

The pacumonia mortality figures in 1921-
23 for nccupations in Great Britain exposed
to siliccous and nonsiliceous dust compared
with those for the general population were
given by Collis’ as 134.3, 76.0, and 83.3, re-
influcnza
were 47.1. 49.6, and 36.5, respectively. (Sce

abnormal mortality {rom

spectively; =similar figures for

Table 3)

According to Brundage,' an outstanding
feature of the statistics of death for hard-
coal miners in the United States is their
extraordinary morality irom influenza and
pnewmosia not only during influenza cpi-

demics hut at cther tunes as well. In
study by the Public Health

cdustrics. (See Table 6.)

- Uniited States ‘is apbour 2 per cent.
Service at
Wilkes-Barre, Pa., in 1915.23 and 1906-25"
it was frund that influenza and pueumonia
were responsible for 40 per cent of the total
deaths compared wwith 23 per cent among
males at ages 13 to 63 who liad been en-

waged in pursuits other than coal mining i
Wilkes-Barre and. vicinity. The percentage
of deaths from influenza and pneumonia for
these two groups by ages for the yers
mentioned was 19.3 for anthracite miners
compared with 13.3 for males in other .

Tuberculosis

In 1925 Collis* said that for coal miners
generally the tubereulosis rate apparently iy’
low although miners at the coal face suﬂé:‘
from the discase morc than other coal mxn
ers underground and workers above ground..

Results of more recent investigations se
to contradict the assumption that tubercs:

fosis does not occur among coal miners Af”

investigation by the Welslt School of Med-

icine, reported in 1937.° indicates that this-

supposed exemption of coal miners frqm
tuberculosis may be due to a mis- or part

diagnosis. This investization revealed a high
incidence of tuhercuicsis (33 per cent if the
“probable” cases are included) among the
pricumoconiotics of the South Wales
ficlds and supports th:e theory that coal }1'15‘
modifies the tubercuiosis, leading to failur
to recognize the disease or to th
diagnosis of "“bronchitis.”

Studies by the United States P“bz‘
Health Service® revealed that 6 per cent ¢
hard-coal iminers examined had clmlk“‘
pulmonary tubercuicsis. The averase P"':L
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¢ 5.—Mortality per 1,000 from Pneumonia and Infiuenza in Dusty Occupations
and in the General Population

== ]

Pneumania

Comparative
Ages at Death Morrality
Figure
|20- % 35| 45 ] s 2065
ations exposed to
O oS dust. - oe ... 33 | 144 | 306 | 47.2 | 387 1343
Nonsiliccous dust...... .. .. e 9.6 13.7 | 28.7 23.9 76.0
General population. ......... 4.3 11.5 19.6 ' 24.2 : 25.7 83.3
—
- Influenza
upations exposed to -
O reous dust. oo oeree . 1.1 7.7 | s |oss | o183 171
=Nonsiliceous dust. ......... 5.4 4.8 137 . 1.6 ‘ 13.9 9.6
General population. ... ... 20 1 3.2 7.7 } 9.7 1 120 36.3
| | '

Shout twice, at ages 43 to 54 about 5 times,
ind for ages above 33 it was about 10 times
the rate found in the general population.
“The highest prevalence of clinical pulmonary
fuberculosis occurred among the rock work-
#rs (men who had been employed in rock

.jading or rock extraction for more than 2

e 3 years). After 20 years' service, of
which more than 2 or 3 years were in rock
work, 37 per cent presented cvidence of
pimenary tuberculosis. In a group of 133
completely disabled former anthracite work-
ers, which did not include any known eases
of tuberculosis, 10 per, cent proved positive
for pulmonary tuberculosis. These Andings
vould appear to corroborate those of the
“Welsh National School of Medicine that in-
dicate that the supposed cxemption from
‘“bgfculosis of coal miners is erroncous due
' incorrect diagnosis. There is evidence
t the ahove increased incidence of tu-

bereulosis is associated with exposure to
silica dust.

The incidence of tuberculosis is much
higher in metal mines than in coal mines,
due no doubt to exposure to dust containing
a higher concentration of silica. An investi-
aation in 1914 by the Burcau of Mines in
cooperation with the Public Health Service
of pulmonary disease among the zine miners
of the Joplin, Mo, district, revealed a high
death rate {rom pulmenary tuberculosis.
The mortality rate for tuberculosis for JTas-
per County wasz 200.8 per 100.000 for 1911
and 1912 and 2297 for 1913, according to
satistics of e State Board of Health."
On the other hand, according to the fasper
County Antutuierculosis Society, duringe the
calendar vear 1912 there were 720 deaths
amonyg mines who had worked 2 vears or
more underzzzund in Jasper County. Not ail

Table_ 6.—Percentage of Deaths from Influenza and Preumonia among Anthracite
Miners and among Males in Occupations Other Than Mining in Wilkes-Barre
and Vicinity
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Tabie 7.—Mortality per 1,000 from Pulmonary Tuberculosis in Dusty Qccupatign
. and in the General Population

Tidie 8.—Pre

of these 720 deaths occurred in that county
hut they had contracted the disease there
and some of them had moved away. Of 93
miners in the Joplin District examined by
Lanza in 1914 64 showed dehnite symp-
toms of pulmonary disease and 39 ot the &4
had the classical symptoms of puimonary
tuberculosis.

b A e . g Sy Sy

ey LT Y

T TN

In a study by the Bureau of Alines and
the Public Health Service” in Butte, Mount.,
during 1916 to 1920 the death records of the
State Board of Health were examined.
These showed that during 1915, 122, during
1916, 126, and during 1917, 169 Butte miners
died of tuberculosis. The significance of the
death (rom tuberculosis of 169 miners in
1917 is indicated by comparison with the rec-
ords of other regions. In 1917 approxi-
matchy 14,000 men were emploved under-
zround in Butte mines; with 169 deaths
fram tuberculosis for the year, the rate per
100,000 was 1,207. The tuberculosiz death
rate of Michigan f{or the 10-vear period
1910 to 1920 was 97.4 per 100,000; hence the
tuberculosis death rate of Butte miners was
ncarly 13 times as great as that of Mich-
ran.

The part played by dust, especially dust
comaining silica, in the production of pul-
. monary tuberculosis is shown clearly by
fizures for Great Britain for 1921-257 The
death rate per 1,000 for ages 20 to 63 was
3922 for those exposed to siliceous dust,
1724 for those exposed :o nonsiliceous dust,

azes 35 to ++ the figures were 1410, 46.1,
and 43.6, respectively: for ages 43-34 the
fgures were 2116, 264, and 39.0, respee-
tively; and for ages 53 and over the figures
were 1506, 29.9, amd 22.7, respectively. (See
Table 7.)

According to Collin® the prevaleuce of
bronchitis, preumonia, and tuberculosis i-

and 163.5 for the general populatien; fer--

high among those exposcd to silica dust but
the incidence of these diseases is not always
the same under other conditions such as
exposure to other dusts, heat and fumes, of
working indoors. (Sec Table 8.) .

Anthracosilicosis

From 1931 to 1937, B7 per cent of the
total deaths in Great Britain due to silicosis
occurred among the coal miners of South’
\Vales; two-thirds of the deaths and dis-. ]
case occurred in the Swansea Division; and
89 per cent of the medical certificates;
to

vranted in the Swansea Division related
anthracite collieries.™?

-

In the United States the chronic disease
among miners due to breathing air contain-
ing dust generated in the various prqccsstsl
involved in the mining and preparation @
anthracite is called anthracosilicosis. This 8
a descriptive title for the form of pneumo
coniosis commonly called miners’ asthoa
The discase was found in about 23 per ¢t
of 2,711 employees of three anthracite mif*
ing companies studied by the United Stalg;
Public Health Service in 1933. About o
fer cent of those having :\nthrncosmc@-
showed evidence of dizahility, compared Wit
less than 10 per cent in the control g""l":'
Moderate and marked degrees of disabi lo.
handicapped aproximately 21 per €et .

. e . wit
those with anthracosilicosis comr'a"q

_— [
Ages at Death

———

- EEN N $5- 1 265 fouedoor and ind.

 ccupations exposed to i indour industries

Siliceous dust. . ....... ....... 3.0 0 634 L ML0 ! 2106 150.6 | 5923 [(aaitrade.... ..

Nonsiliceous dust... .......... o ] 203 | 461 | 564 9.9 1724 eonol trade . . .

(reneral population. ... ... ... 0.6 ; 37.6 | 416 l 39.0 227 163.3 Heat zadl fumes.
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. g.—Prevalence of Bronchitis, Pneumonia and Tuberculosis Under Certain
ble Conditions of Exposure

Exposure Bronchitis Pneumonia | Tuberculosis
dindoorlife....................... low low low
ms ............................. lo_\\' lqw high
TRERAC. oo v v vt e e e high high low
ol e e moderate | high high
jfﬂ‘ and fumes. .. ... high high low
of

: ‘-\mmal OFGIN. .ottt low low low

. \ege:able husks and debris, certain \norg'lmc . .
materials. .. ...l high . medium Jow
.................................. high high high

Sumber of instances the change in occupa-
%o probably was made on account of
wsical condition. Miners at the coal face,
Qfd{“orkcrs and men who had had appre-
le exposure to harmful dusts in other
adustries also showed evidence of much
feater physical impairment than was found
%’thé control group.
Mod:rate or marked physical impairment
om any cause was found in 1.7 per cent of
'ihe control group, in 9.9 per cent of the
‘rcg'ular miners, and among 12.6 per cent of
= the rock workers.
~*There was a marked tendency toward in-
frase in the propomon hanng physical im-
‘Wirments with increase in the number of
yars of emplovment in anthracite. This
‘tedency is manifested whether one con-
siders dhabl]ll\ of any kind, disability in
which pulmonary infection was centributory,
or disability due largely to tuberculosis. In
ach case the occupational groups arrayed
selves according to extent of physical
Mpair=ent as follows: (1) Rock workers;
regular miners: (3) all others exposed
© more than 100 million dust particles per
@bic foot of air: and (4) men in haulage-
¥3ys except rock workers.
The Patholory oi anthracosilicosis as ob-
¥rved in these cases is essential’s a deposi-
o1 0f coal dust in the lungs, ’w‘ommmcd

an e\tcw sive .‘oro>n both xusc and
ular,

(silicosix' mmedified by

ptratory
Amer-
om the

Serviee

n*ort'\nt\ irom
lenc
iners is clear
the Pudlic el 2
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The anthracite miners’ proportionate mortal-
ity from all respiratory diseases was about
14 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 samc social
class. The proportion among hewers and
getters of anthracite therciore was 1.4 times
that of men of the same social status.

Silicosis

There are various definitions of silicosis
hut all agree that the cause of the dizease is
the inhalation of silica or quariz dust™
Silicosis is a well-recognized clinical and
pathological entity at least as charzcieristic
as that of any cause of death kzown to
epidemiologists.” The definition oi silicosis.
adopted at the International Siliccsis Con-
ference in 1930 and rcafirmed ar the 1939
Conference and generally accepted is:

“Silicosis is a pathological conéition of
the Jungs due to inhalation of silicon diox-

ide. It can be produced experimes:ally in

animais.”

Thre first investigation of silico
mining industry in the United S
made in 1914-13 hv the I'e’.hml B
Mines in cooperation with
Public Health Service in the Jop
mining distrie.” As oniv a few
examined at that time
eNa a larzer number
ieen idea of the prevalence °
tan among (eominers 61 s
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e Ty A - g 2p T T e
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n were emploved in metal mines. Tu-

whom » . .
perculosis deaths were fourteen times the
cpecied among copper miners, nine times

the expected among gold and silver miners,
nd cight and a half times thg expected
among iron miners. In an earlier study”
‘covering the years 1915-1926, there were 18
times as many deaths as expected among
‘rad and zinc miners.

" An amaivsis by the field division of the
saranac Laboratory™ of the roentgenograms
of 5,000 white miners exposed to the in-
malation of harmful concentration of silica
dust shows that the incidence of pulmonary
mbercuiosis lesions increases as the degree
of reaction to dust progresses. In this group
of miners tuberculous lesions were found
in approximately one-fourth of those with
first staze silicosis, one-half of those in the
wecond sitage, and 65 per cent of thosc in the
':ihird stage.”
"o [

Prevention of Dust Diseases in Mining

The data given in this paper point to dust

5 'the greatest contributor to the excessive
‘mortalicy from pulmonary diseases experi-
sced in the mining industry and to silica
dust as the immediate cause of the discase
silicosis. Therefore, the principal method of
grcvcmf:g these diseases is to climinate as
fr as

the dust in the breathing zone of
rs. Expericnce has shown that the

¥ 19 produce injurious cilects are its
on, the quantity cuspended in the
Osrere breathed by the worker, and its
Rrticle size.

Alttough any dust may be harmiul to
breath under cerrain conditions. as indi-
@ted by the dara presented here that show
:-ot:gh r incidence'of pulmorary diseases in

Stiiecus dusty industries than in the gen-
tal pooutation, riysiological studies reveal
at, . mining the harmiulzess of a dust is
pr°P°7!:»;1'\al to its content of free silica or
E‘:";Z_-‘l particieg s.mall enouzh to enter
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possible or reduce to harmless con--

37

[ 1)

-

The first 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 morc

- frequently or with greater severity among

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

Allowabie Concentrations of Dust in
Mining

Tnvestigations conducted over a period of
years show that exposure to certain eoncen-
trations of harmful dusts for a certain time
causcs varving degreces of respiratory dis-
abilitv but that below these concentrations
dicablinz pulmonary discases do not accur

_within a working lifetime. The classical ex-

ample «f this is the experience in Seuth
Africa with the reduction in mortality from
<ilicosi: 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-
ployed and the practicability ot using a defi-
nite dz3t concentration as a guide in setting
e limits of air dustiness in the pre-
venticn of pneumoconiosis in dusty indus-
1 e production rate ot silicosis in the
zd mines of South Africa™ in 1932-
0.39 per 1.000 compared with 21.93

~in 191513, (See Table.10.)

The incidence rates for silicosis uncom-
plicat. 5y active tubercuiosis amonz South
Airican miners tn 1936-1937 was between §
and 2 o-er 1,000 per annum® The liability
amone chie whole tody of miners to con-
trawt t e diccace in 1936-37 was less by

] it Rl
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Table 10.—Average Number of Miners Examined Annually and Production R

.
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gs AR R . . s - at
for Silicosis in Each Triennial Period Since 1917-18 &
Average Production Average P'roducting
Number of Rate of Number of Rate of
P'eriod Miners Siiicosis Periad . Miners Silicasis
Examined per ' ; Examined per
Annually 100 . “Annually 1,000 '
191720 14,070 21.95 1026-29 . 14.624 21
192023 13.260 19.10 1929-32 | 16,774 13.87
1023.24 12,523 3328 19032-33 20,139 9.39

per cent than it was in 1920-23. Among the
“new Rand miners” who entered the indus-
try by way of initial examination since 1916
and who have been exposed solely to the
progressively improving occupation condi-
tions that have obtained since that date, the
liability to contract silicosis was less hy 87
per cent than the similar liability among all
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 1933-

36 constituted less than 17 per cent of the

total number of working miners contributed
necarly 78 per cent of the new cases of sili-
cosis,

[n the study by the Public Health Scrv-
ice” of anthracosilicosis among hard coal
miners silicosis was not found in a control
zroup of mining employees whose dust ex-
posure averaged less than § million particles
per cubie foot of air.

The prevalence of anthracosilicosis among
the entire group of employces was found 10
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 vears, regardless of the
amount of dust in the air.

Among men exposed 15 to 24 vears 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 illion particles per cubic foot, 29 per

cent of those exposed to 270 to 299 million.

particics, and 38 per cent of the men who
had worked for this period in more than
200 million particles per cuhic foot, devel-
oped anthracosilicosis.

Among men employed for more than 2
vears in dust containing less than 3 per cent
iree silica, the proportion of persons foung
with anthracosilicosis under different cog-
centrations of dust was as follows: 5 to ®
intllion particles, 7 per cent; 100 to 199 mil-
lion particles, 54 per cent; 200 to 299 million
particles, 71 per cent; 300 or more million
particles per cubic foot, 89 per cent.

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

PRy
The prevalence of anthracosilicosis among™
persons who had been exposed for more than -
2 or 3 years to dust of which about 33 per
cent was free silica, varied from 10 per cent
among those who had worked in concentrz-
tions of less than 200 million particles per
cubic foot for less than 15 years, to 92 per
cent among those who had been employed:
for morc than 25 years in dust concentra-
tions exceeding 300 million particles pef
cubic foot, more than 2 or 3 years of whts
rime was spent in rock work. )

Age per se appeared to play a minor role

inn the development of anthracosilicosis.

Analysis of the data for the purpos¢ o
determining safe limits of dust exPOSU"eh‘“'
dicated that employment in an atmosp_;;
containing less than 30 million dust Pa"}',bk
per cubic foot would produce 2 ﬂfg{‘-"_'hm
nunber of cases of anthracosilicosis “hzn
the quartz content of the dust was ]essct.lm
5 per cent. In the gangways where the "m,_
content of the dust was about 13 ber "]:l‘oﬂ
a <aic Fimit appeared to be 10 10 13 MIE

«
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11.—Pneumoconiosis Cases Qccurring Among 798 Workers Exposed to
(ixed Dust, Classified by Average Dust Concentration, Length of Employment.
My and Number of Workers Exposed

—

Average Dust Concentration

Years in Industry

(Miltion Particles per Cubic Foot) 0-1.9 5-9.9 | 10-14.9 | 15-19.9 '_’g and
ver

o.‘)r\."umber of pneumoconiosis cases......... 0 0 0 0 0
Number of workers exposed.............. 81 56 29 13 8

.- Percent with pneumoconiosis............. 0% 0% 0% 0% 0¢(

J10-24: ..

‘F;lo.;\'umber of pneumocaniosis cases. ...... .. 0 0 0 2 4
Number of workers exposed... 123 24 66 29 3
Percent with pneumoconiosis............. 0% 0% 0% 6,90, 17.4¢;

5.49: o
P;\'umher of pneumoconiosis cases. . ....... 0 f_) 3 3 6
- - Number of workers exposed.............. 13 45 31_ l_l . 18 ]
7" Percent with pneumoconiosis............. i174 0 0.7 271361 33.3;
- P <
"S0and over: L.
‘i, Number of pneumoconiosis cases......... 0 4 K] 4 4
vumber of workers exposed.............. 45 44 25 ) 8 . 6
\Percent with pneumoconiosis............. 0% 9.1%] 20,09 50.0%] 0679,

icles per cubic foot. The limit of tol-
eration for rock workers was set tentatively

2t § to 10 million particles per cubic foot of

wair. Similar results were obtained by the
Public Health Service in an investigation of
“pncomoconiosis among mica and permatite
workers. (See Table 11.)

- The relation of the average dust concen-
tration and duration of exposurc to the per-
tentage of workers found to have pneumo-
eoniosis was as follows: Of those who had
vorked in an average concentration of 30
million particles of dust per cubic foot of
ar, 9 per cent had pneumoconiosis in 3
¥years, 20 per cent in 10 years, 50 per cent in
15 years, and 66 per cent in 20 vears. Of
Dose who worked in an average concentra-
Lon of 25 million particles 10 per cent had
Mumocoriosis in 10 years, 27 per cent in
3 pears, and 33 per cent in 20 years, Of

i

the purpos ?
‘ust exposure
an atmospRe”

2 t=g

an dust paruers

Ciose who had worked in aa average con-
TMtration of 10 million particles of dust. 7
27 cent had pneumoconiosis in 13 vears and
Per cent in 20 vears. (See Fix 1))
Q'?:c da:a.obtaincd in other st%xdié‘s""o‘t‘d:st:-‘
hnu? inthracite mining, asbestos tex:
Y actire, and the pottery industry
:;‘lde;“‘fie".' in a similar fashien and
. tmidar, althouzh usually less rez
o Tie rasition of the thres ot

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

It is tempting to seck 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 concentraiion above 10 million particles
per cubic foot, the probability of Anding
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-
Aned descriptions of these data. Neverthe-
less, it does not seem to be advisable to <er
tp any mathematical treatment because, of
all the nmien who entered the industry, oniy
the survivors have been studied. There s

1o adequate way of findinz out whether or

“nt men who dropped out of the industrs
were 1 a better or worse state of health 3:
‘ar as silicosis 135 concerned than men win
mained i the industry, amd thus there s
saoway of introdecing a correction for t
Ceement of selection inte a0 enihematies

oo

A




Figure 1.—Relation of average dust concentr
to the percentage of workers found to have pneumoconiosis. Based on data pre-

sented in Table 11.

treatment. It seems to be preferable to pre-
sent the facts as simply as possibie, to-
gether with the precautions to be kept in
mind in studying them, and to empliasize
that the principal use of these data is to
sitow 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
learned by observation and experimentation
what kinds of dust are harmful and in what
concentrations, it is the {unction of the en-
gineer to evaluate the hazard in a particular
industry, plant, or mine and devise measures
for its elimination. The first step is to be-
come thoroughly familiar with the industry
being studied to dctermine the dusty oceu-
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 he determined by tak-
ing samples of the atmosphere in their vicin-
ity and counting and identifying the dust
particles. Sampling of air is alsa a means of
checking the Widiency G any control meas-
ures that may be adopted.

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

_ the time spent in cach step; irom th

pinger, however, is the instrument used most
frequently in the United States. The Burean
of Mines and the Public Health Service
have issued publications deseribing the
method of sampling dust by the impinger
(as wcll as hy other methods) and pro-

cedures for counting and identifying thc_.

particies.? ®

Dust sampling is complicated by the fact
that air dustiness flucteates rapidly from
moment to moment. A single dust count rep-
resents ouly the amount of dust in the at-
mosphiere at the time and place of sampling
and gives no indication of the average ex-
posure of the worker over a period of vears.
cespecially if he has not worked continuously
at onc job. The ultimate lung injury }h‘“
he may suffer will deperd upon the inte-
grated effect of the dust over a long period.
A proper imeasure of dust exposure re
quires a picturc of the variations in dusti-
ness. The best procedure is to determin®
the dustiness during different stages ot an
operation and, with the aid of a time .smd}.
break down the worker's day according 10
ese Jald
the average dust exposure of the worker ¢f
he calculated.

. o

e . - rica
Drilling.—Experience 1z South -‘\\";‘\

with new methods of sampling have f‘: d‘viih

that more dust is produccd by roc

ation and duration of dust exposure
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Table 12.—Period Worked at Face by First-Stége Silicotics

Job Number of
of Years| Men

Average | Number

Average | Number
Job Number of
of Years| Men

_Shovelers’ helpers (bruno

men). e 6.8 8
-Shovelers. . .......... e 8.4 428
Drillers’ helpers (dummies)| 3.4 79
“Trackmen............... 9.8 52
Roof trimmers........... 11.3 26

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 finc to be de-
. tected by the oider 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 comsistently and considerably
%-higher among machine drillers than among
g:'lhose who have never worked machines, and
I-the excess incidence among machine drillers
".has been in dircct proportion to the amount
-'of time spent upon rock drilling.
~ . Until relatively recently drilling of loles
for blasting was a ncgligible producer of
dust or air dustiness in coal mines especially
other than anthracite mines. The hand-
operated auger drill praduces very little Ainc
dust, hut with the extension of mechanized
nining power drills are hecoming more and
more essential and some of them arc heavy
producers of fincly divided dust: this i«
especially true of reciprocating drills i the
Jackhammer type drilling dry and using
tompressed air in the clearing of holes cither
In coal or in roof or floor matcrial.
Blusting. —The exceptionally heavy inci-
nce ot silicosis among rock drill miners in
the early perind nf the gold-mining industrv
u South Africa™ was due to the exposure
of the rack-drill miner not only to drilling
ust _bux to high concentrations of dust from
asting, and frequently to the inhalation of
Varying amounts of the irritant fumes pro-
d"“{i by Llasting, owing to the methods of
AYInG thers frvessee: ~Rlsstime peaduces Jarze
Wantities of very fine dust. the finest frac-
xf“"s of which tend to remain suspended i
e mine air for a lonz time, unless remover!
N ventdaion

")lflm: or Mucking —in the Dicker.
;.!a,‘ VO was difenh to ~hew the
biags . ! .

Alings . of the duoties af the men e

-

[l
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silicasis hecause of frequent change of oc-
cupation. All examined were divided into
two groups—those exposed to large amounts
of dust (those employed at the face) and

those exposed to relatively small amounts.

(those away from the face). In the order of
exposure to the dust hazard, the men at the
face included 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 number of years worked by shovel-
ers” helpers and shovelers was 6.8 and 84
vears, respectively, while that for machine-
men was 11.4 years,

Loading and IHawling.—~Under some con-
Jditions hand loading of coal throws into the
air of the working place considerable quan-
tities’ of dust. but the amount is about onc-
tenth that caused by some types of mechan-
ical loading. The greatly increased occur-
rence of dust from mechianical loading is
duc not only to the stirring of the dust into
the air by the loading machines themselves
but also to the greater rapidity of hreakinz
down and taking coal from the face regions
which increases other dust-producinz proc-
csees. cspecially blasting, catting, and haul-

ing.”

Poarly constructed or poarly maintained
pit cars or over-topping of coal in cars ai-
laws fall o7 or fine material to sift through
te; the tracks to bhe ground under the wheels
af roiling couipment or the hoois of muics
and then 1o be thrown into the air by speerl-

cars ar <huifling muies or mes ™
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Where convevors (either the shaker or
beit type) are used they forn: potential
sources of dust clouds at the points where
the coal is dropped or thrown witich occurs
at the discharge ends only. Also, 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 a tendency with
the more svstematic working for a larger
number of the men to perform dust-raising
operations at the same time, and the air
speed at the faces is higher® These condi~
tions, if not controlled, tend to increase the
dust exposure to the face workers.

Machine coal 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 lcast offensive in
this respect. However, undercutting ma-
chines under some conditions (such as cut-
ting dry in {iriable coal with dull bite in a
confined place with little or no circulating
air) may produce air dustiness so dense as
to reduce visibility almost to zero with
available types of mine lighting and to cause
between 100,000,000 and 500,000,000 (or even

more) dust particles to be carried per cubic

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

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

Ventilation—The more or less generally
accepted conclusion that coal miners suffer
less from miners’ consumption than 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-
izxe?, thewmain feztvres that afect air in
metal mines are (1) movement, (2) tempera-
ture, (3) relative humidity, (4) gases, and
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(3) dusts. In ceal mines the order of i
porwance wouid probably be (1) mo\‘tme,;‘
{2) gases, (3) dusts, (4) reiative humidj,,
and (3) temperature.™ .

The matter of movement of air {rom the
suriace, through the working faces o
places, and then back to the surface is by 4
means the most important consideration g
cffecting adequate ventilation of mines apg
in protecting the health and forwarding ang
inaintaining the working efficiency of the
underground workers. 1f adequate quantities
of pure air are directed to the places wher,
men work, most of the requirements of
health and many of the demands of safery
will be well served.® ' i

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

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

A .
In tests by the Burcau of Mines® the dust ©
concentration in the air during actual drll:
ing decreased as the water flow through the
drill increased. The water flows for stopers
was 0 to 3 galfons 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 gal™ns per
minute.

The results of this study shows that 3%
water flow through the drills was incred
the dust concentrations in the air decreas
hut they do not show whether the decres
was caused directly by the increased walef
flow, by some condition influenced by vand:
tion in water flow, or by a combinatio? o
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£ sugh the drill steel with the water. Ordi-
% 4. some of the high-pressure air sup-

. gg:d to the drill for its operation escapes

the back end of the drill steel, even
£ pen the operating throttle is not in the
£iowing position, and travels up to the face
3f the hole being drilled. The amount of air
lescaping s affected by the water flow
‘rough the drill steel; as the water flow
L \rough the drill steel increases the air ﬂ9w
decreases. Mining officials in South Afriea
“mncluded that such air leakage, although
‘jrobably facilitating removal by the water
“of the cuttings from the hole, was respon-
‘sble for entrapping fine dust and blowing
4t into the air during drilling.™ Conse-
“guently they have devoted much attention to
“designing drills that permit the minimum
“practical air leakage through the drill steel
and have established regulations on the use
of such drills. Canada is also doing much
work along this line, and recent reports
sate that such drills are practical and pro-
‘duce about one-fourth the dust concentra-
ton of corresponding drills without the
*dustiess-head™ fcatures.™

. The results of this study show that op-
“erators can reduce dust concentrations re-
winng from drilling by increasing the
.mter flow through the drill steel, either by
mcreasing water pressure or.by the use of
witer tubes of larger inside diameter.

Tests alsa have been conducted by the
Burtan of Mines® on the effectiveness of
#praving 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
.‘hf’*{‘d not take the place of regular wet
sr.llmg. Hawever, if a method is developed
# which the device may be used on holes
v ™' @0y inclination, it might prove to be 2
faluable accessory to regular wet drilling in
“lhring and drilling the first 2 feer of 3
:"f!f» Tests show that the greatesi amount
P dust is thrown inte the air of 2 working

~Wer

RIRN

driifing standards have been 2daopted
2.7ew York State for drilling in various
;3%%es of rock. The requirements for drill-
2% Class 11 rock (rock containing more

;;‘-1 10 per cent iree silica) in confined
oo Which include the use of mechanical

1
. ‘atien, are quoted below ™

Lomes, oo .
. ~“ et drilling shall mean the ecnsinu.
{ U Aplicntion of water through the comiral

vl . J— . 0y
12t in dnilling the frst 2. feet of 2 hele®-
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hele in the hollow drill steel to the bottom
of the drill hole. The central hole i the
steel shall not be less than v&” 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 mn the
water line shall be of such design that it has.
only two fixed positions, namely, closed and
completely open. Six months after date of
approval, all wet drills shall be equipped
with a combination air throttle and water
valve oi such design that the required rate
of water flow through the drill steel 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 suppiy.
Portable water tanks for individual drills
shall not be used unless approved by the In-
dustrial Commissioner.

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

1. “The rock surfaces for a distanve of
30 feet irom the heading or other driliin
area shall be maintained in a damp con
tion.

2. “Hand-held drills (maximum pizien

bore, 3”) minimum rate of water Zow
through drill steel, 0.75 gallon per minute;
maximum rate of air flow through drill
steel at full speed, 2.0 cuhic feet per
ute; maximum rate of air flow througn
drill steel at hali-speed cperation, 1.0 cubic
foot per minute; minimum rate of general
ventilation in the drilling area, 300 cudi
feet per minute per drill and shail he
creased it found upon tests by the [ndu
Commissioner that the dust concentratic
not in accordance with the requircments of
‘tire Code.
3. “Drifter-mounied and wagon-mounicd
drills (maximum piston bore, 4”) mimm
rate of general venatilation per drill :
dritling area, as shown in the takle '
tion: in Air and \Water Flow Th
Steel!

4. “In the caze of positive-pressure
nifatian. the air must be well distrifuzzd
cver thc drilling and must not ereate cdralis
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at the various drilling positions, in a man-
ner satisfactory to the Industrial Commis-
sioner. The intake for the venulating sys-
tem must be located at a point free from
contamination with dust or provided with an
ethicient filter.

3. “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 Industrial Commissioner.

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

7. “The above rates of ventilation shall
be increascd whenever necessary to reduce
dust concentration to the amount permitted
hy Rule 33-2.3.”

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

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

2. The atmosphere was bratticed off until

T26 minutes after blasting when the prattice

was raised and natural ventilation (which
was virtually negligible except for eddy
currents was allowed to dilute the dust-
laden air. It required 2 hours and 20 min-
utes after blasting for the dust concentra-
tion to drop irom approximately 3.000 mil-
lion particles per cubic foot to 30 million
particles per cubic foot, and 2 hours and 30
minutes to drop to 15 million particles per
cnbic font.
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3. The atmosphere was bratticed off unti)
37 inutes after blasting, when the brattice
was raised and 10-inch canvas tubing in.
stalled to about 30 feet from the face. 4
46 minutes after blasting, about 1,000 cybje
feet of air per minute was forced into the
face. It required 66 minutes after blasting
for the dust concentration to drop to
million particles per cubic foot, and 70 mip.
utes to drop to 15 million particles per cubie
foot.

The accompanying table shows the time,
in minutes, required for the dust concentra.
tion to drop from 825 million particles per
cubic foot to S0 million and to 13 million
particles per cubic foot under the three dii.
ferent conditions:

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

Ventilating particles per cubic foot

Condition to—
No ventilation....... 121 181
Natural ventilation.. . 105 133
Mechanical ventilation 20 24

In addition, the place (walls, floor, roof
or top, and timbers) should be wetted
thoroughly before blasting is done, and 2
water biast should be used during and after
the blasting. The region should be we_tted'
thoroughly when the men return to the face
region after blasting, and the muck'Pﬂ‘.
should be kept well wetted at all times
while it is loaded out, as the water not only
lays the dust but also either absorbs of
otherwise aids in diluting or eliminating
harmiul or poisonous gases that follow
blasting and that usually cling to the blast .
material. Lo

Tests™ on the eSectiveness of a spray @
water mist in reducing the concentration 0
dust in the air after blasting and dunrlif
mucking of the blasted materjal were wfﬂ
ducted in three headings in medium hard by -
hard rock. The use of the spray 3993"?1.:;,
made it possible to reduce the concentrd it
of dust generated and thrown m:o..lh;;of;-
during biasting moare than 99 per cent
the amount presest when the spray “35_;.,5
used. Dust digszmination during mucioff
of material spraved several
mucking was begun was m.uCh
during shoveling of material

sprinkled just bafore and during muust °,I ;

r
and, of course, the dust present 3 t;et
cither the spray or the sprinkling .
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mf Jess than if the mucking had been done
ey . :
In general. the larger the quartty of ex-

gve used, the miore finelv n_..\'xded th_e

.ted material, the more heaviiy the air
20 be impregnated with dust and smoke,
-4 the greater \\;111 be the quantity of
;;soﬂo"-‘ gases left at the p‘m_cc: hence,
aethods should be used that will tend to
seduce the quantity of explasives us.cd and
of gases and dust produced. In this con-
pection it will be found th_:n thg use of
qemmting or of some rypes of blasting p}ugi
. | pow available will confine more definitely
the explosive. hence, increase s efficiency

1 and reduce the quantity of cxplosi\je usced
and also reduce the amount of poisonous
produced and possibly reduce the vio-

W | dece of the bla_sl angi ite tendency to raise
0} dust and dizseminate itinto the s‘urrounc.lmg
o sir. It would be well for users of explosives

1o investigate types of explosives that are
known to give off minimum quantities of
Jarmful gases on detonation and to use
‘them ; also, the discon:inuance of the use of
fuse and the substitution of electric blasting
a0t would aid in reducing the amount of poison-
tted § gus gases from hiasting, Explosives that
“d 3 1 have been hield in sioraze teo long or that
wter | kv been stared urnder uniaverable condi-
=}"‘5 fiohs as to muoisture. temperaiure, etc, are
tace | iLely to give off. maximur guantities ot
_Dxlc harmiul gases, 1t they detnrate at all;
ame § Yence, utmost care should Le taken in the
SRY L daring @i explosives to sec that they are
- o 3 mt held ton long beiore heing nsed.

procection. — This
#3518 unsat-

Personal respirator
o pclhad of control of air du
#factory in underzround n g except for
. lemporary use in emergenc: Although
¥ O T dust respiratars give adeguate protection
59y aginat dust, they aord the wearer essen-
?“'_1-" no protection agzainst 1ox:c or asphyx-
Qling zases, and are too cumbersome and
Jcomiortahle for constant wear.

The Bureau of Mines ra: estabiished a
whedule o7 i zirements for
fﬂ‘hanicnl respiraters, one ioz¢ of which is
-_’*f Protection against dust zezerated by dis-
egration  as in driil znd  blasting.
Mt 30 respiraters have “cen approved

ey

this soncdule.
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Mining Scetion

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

In South Africa all white appiicants for
underground work are examined and certi-
fied to be physically fit and free uvi any dis-
case of the respiratory organs and then re-
cexamined every 6 months to determine and
report all cases of simple silicosis, tubercu-
losis with silicosis, and sumple tuberculosis
that may have developed. In this way com-
parable records can be obtained for measur-
ing the degree of pngumoconiosis and the
extent of impairment of working capacity
among empioyvees from vear to vear. Com-
parable records will nor be ohtained unless
periodic examinations arc conducted in &
standardized way, preferably by a permanent
medical hoard composed oi physicians spe-
cially trained and having adequate experi-
cnce in the diagnosis of pulmonary discases.

Summary

1. The principal pulmonary discases to
which the miner iz subject are bronchitis.
nfluenza and  preumonia, pulimonary tuber-
culosi¢, anthracosilicosis, and silicosis.

2. Statstics indicate that muceh  higher
morbidity and death rates fron pulmonary
dizeases are experienced in dusty than in
nondusty industries, especialiv where siliea
dust is used or producesd.

3. Investigations by the Public Health
Service reveal that hard-coal miners sufter
a hizh mortality rate from influenza and
pneumonia not only during influenza epi-
demics but at other times as well. Tn 1913-
25 and 1906-23 influvnza and pneumonia
were responsible for 40 per cent of the total
deaths amongz hard-coal miners compared
with 25 per cent amony maies at ages 13 1o
0% who were engaged in pursuits nther than
coal mining. Six per cer: af hard-coal
miners had pulmonary tuberculosis com-
rared with 2 per cent in ine aduit male
~opulation of the United Stnies. The rate
Jor metal miners is st hiy

4. Anthracosilicosi= wa: Inund in abour
23 per cent of 2711 emylovees -of three
anthracite mining companic: studied by the
United Stares Public Healtz Rervice in 1935
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About 63 per cent of those having anthra-
cosilicosis showed evidence of disabiliny,
compared with less than 10 per cent in the
control group. Moderate and marked de-
grees of disability handicapped approxi-
mately 2! per cent of those with anthraco-
silicosis compared with less than 2 per cent
ol the men serving as controls.

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

6. The principal pulmonary disease in
metal mincs is silicosis and the chief menace
in silicosis is tubercle infection. Apparently
silica dust alone increases the liability 1o
pulmonary tuberculosis.

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

zinc miners.

7. As dust is the greatest contributor to
the excessive mortality from pulmonary
discases in the mining industry, the prin-
cipal method of preventing these diseases is
to climinate as iar as possible or reduce to-
harmless concentrations the dust in the
lireathing zone of the worker.

8. The aim should be to eliminate the dust
entirely from the air breathed. Where this
is not always feasible it may be possible to
reduce the dust 1o a concentration that will
rot canse disability during a working life-
tme.

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 30
million dust particles per cubic foot pro-
duces a negligible number of cases of sili-

cosis when the quartz content ol the dyy v
icss than 3 per cent; when the silica g,
tent is about 13 per cent 10 to 13 myjjly,
narticles appears to be a safe limit.

10. The amount of harmiful dust Creayg
by various activities in mining can he .
termined by sampling the atmosphere
their vicinity and counting and identifyine
the dust particies. Sampling of air is alsq,
means of checking the efficiency of dust con.
trol measures.

1. The impinger is the dust-sampling in.
strument used most frequently in the United
Ntates.

32. The dustiest operations in mining are
dry drilling, blasting of dry rock or ore,
shoveling or mucking, loadinz and haulag.
and machine coal cutting.

13. The principal measures for controlling
the 11l effects of dust in mining operation.
are ventilation, wet methods, proper blas-
ing practice, the use of personal respiraton
protection, arnd physical examination of
workers,

14. The uiiciency of these measures in the
reduction of the incidence of dust diseases
is attested by the experience in the mines o1
South Airica where among the whole bod'
of miners the Hability to contract silicosis in
1936-37 was less by 65 per cent than it wa¢
in 1920-33. Among the “new Rand 1'11i.ng1"s’
who entered the industry by way of iniua
cxamination fince 1916 and who have beur
exposed solely to the progressively improv:
ing occupational conditions that lhave alr
tained since that date, the liability to con

iract silicosis was less by 87 per <uit that,

the simitar liability among all miners work-
ing for an cqual period in 1920-23. Th“f
“new Rand miners” constituted 77 per ™
of all working miners examined.

Conclusion
The mortaiity and morbidity jrom pod
monary diseases arc excessive-ur b=
industry as a result of exposure m‘[‘htf\"
amounts of dust in the air breathed: o
fore, control of the dust hazard i* Hff.f-"__ﬁ‘_"
0 prevent these discases. NO >'.nf:]C: ‘.’-‘ p;ﬂ‘
of control is applicable to all du#? ‘:m;:
tions and processes, therciore. all the s
of prevention must be practiced ‘10
succes< in the solution of the prooim™
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