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for influentza, tuberculosis (all forms), for foundry workers for each of the
and other disesses of the respiratory respiratory diseases throughout the

TABLE V

Deatas rrou Reserravory Disgasts® run 1,000 Lirs Years Exroses (Couninen Grovr
Monrrarrry Exrsaisncs 1922-1930); ALt Aozs

» RATS  § il “f“?
reseeray wIRe | T | e

. oraL PRATRS
Steel and iron foundries.. . 450,012 3.39 3.9
Sheet metal products (utnrnpuu ud pnmng) 200,196 1.4 3.0
Light metal products (tools, hardware, ate.). . 1,070,508 1.85 2.7
Heavy machinery and other beavy metal produeh $20,02¢ 1.53 n.1
Bitumisous coal mmmg—udnmund creres 153,407 1.54 18.5
All industries.. l 20,353,380 1.45 2.9

® Influenss snd tuberculosis (all forms) are included.

. TABLE VI
Dsatis rroM Resrinarory Dissases® rex 1,000 Lirz Yeans Exrossp (Comvinep Onovr
Mozratiry Exrearznce 1922-1030)

(A) Btesl and iron foundry employees—450,012 years of life exposed. (B) All industries—
20,353,360 years of lifs axposed

.- 1 t s el s el r o] v |w|[un|na|n
B OTEER PERCEXNT, BECFIRA-
: R el - isiame || oF tovas suaves

CANTRAL ASS [

- Alsgamlainfals]afn]als |mm
18 1.1210.76 | 147 ] 0.14 ] 0.04/ 0.10 | 0.45 | 0.78 ] 0.26 | 34.8 | 32.8 | 106

3 1.6710.8312010.08}0.04/0.48]0.5111.2410.37| 4.0}32.6{138

28 2.00 )0.86 | 2431 0.08(0.04]0.57 { 0.48 ] 1.45)0.34 | 48.7 | 30.8{ 158

n 2.57)0.97 1265 ]0.11 | 0.06/ 0.91 [ 0.45] 1.55 | 0.45 | 81.7 | 29.3{ 177

38 3.25|1.24 1262 {0.16 | 0.08] 0.87 | 0.51 | 2.22 | 0.65 | 47.3 | 27.8 | 170

. 43 3.83§1.521232]0.29 1 0.10{ 0.89 { 0.57 | 2.35 | 0.86 | 40.6 | 24.7 | 104

48 4311191 122610.31 (0.7211.0010641{3.10(1.16135.8}21.81} 164

3 5.08]32.31)220]0.100.15 1.38 { 0.65 | 3.52 { 1.50 | 33.0 | 18.1 | 182

58 5.73/2.98{19210.33/0.22{1.19 {0.66 { 4.1512.11 { 26.5] 18,1 | 184

63 7.64)4.00({187|0.470.30]1.01 [0.90 | 8.16 [ 2.0 | 31.90]| 13.7 | 1%

68 9.60 | 5.40 11781058 10.42{1.55|0.81 | 7.48 | 4.17 | 18.2 | 12.¢ | 147

n 11.51 ) 7.84 | 147 | 0.68 1 0.78) 1.02 | 0.78 ; 9.81 | 6.31 | 14.5 | 12.2 | 119

78 and over |15.10 12.40 1 122 | 0.79 | 1.19{ 0.79 | 0.77 [13.51 [10.44 | 12.7 | 11.5 | 110
Allages |3.30 | 1.45| 234 0.18 | 0.10{0.83 | 0.5¢ | 2.38 | 0.82 { 33.9 | 20.0 | 162

¢ Includes tuberculosis (sll forms) and infusnss.

system, as well as for this group of working period of life. Foundrymen
causcs as o whole, have - rats for influcnsa lower than

The striking fact brought out by this  that for all workers combined only at
table is the uniformly high death rates. ocentral age 73, their rate for tubercu-
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ymmetrical, small, circumscribed,

ense areas throughout both lungs,
nd later larger masses accumulate.

“bird stage: this differs {rom the
econd stage only in the extent of lung
1volvement, indicated by increased
umbers of deposits and more massive
rouping. -

There were 130 employees of the
rey iron foundries selected for X-ray
xaminations of the chest. Of these 1
ras diagnosed as second degree sili-
osis, 31 as first degree, 20 as doubtful
s silicosis, and 78 negative for
Jlicosis; of 62 employees in the steel
sundries, 2 were diagnosed as second
egree silicosis, 25 as first degree, 6 as
oubtful, and 29 as negative; of 18
mployees of the malleable iron found-
es, T were diagnosed as first degree,
as doubtful, and 9 as negative, and
[ 5 employees of the non-ferrous
wetal foundries examined, 1 was
ingnosed us first degree, 1 as doubtful,
nd 3 as negative.

The management of each foundry
‘as furnished with & table setting
irth & detailed description of the
-ray examination of each worker,
srrelated with his age, occupation,
revious occupation, years of exposure,
ad other pertinent information indi.
ating the extent of the health hasard.
‘he name of the worker was omitted
od a number substituted in order to
void any discrimination.

Tables II, III, and IV give the
sults of the X-ray examinations by
te groups, by years of exposure, and
y occupations for the groups ex-
nined.

It is obvious that thess tables
erely indicate what may be expected
1d are of no statistical value because
# examinations wers limited to a

IN FOUNDRY INDUSTRY 235

few workers only in each group. Ths
individual way classified either accord-
Ing to the departmerit in which he
worked at the time of examination or
where he had spent most of his time.
Many had changed from one depart-
ment to another and from one plant
to another during their years of
employment in the foundry industry.
Since only the amounts of dust col-
lected at the time of this survey in the
various departments are known, there
is no way of determining the average
amount of dust in the atmosphere
inhaled by these people over the years
of their employment. Consequently,
it is not possible to correlate individual
cases with definite amounts of dust
exposure. .

‘MorTarLtry Exremiznce Avoxo
Founporr Workzrs 1 Unrrep
StaTES AND GREAT BRiTamx

Although this study did not lnclude
the collection of information relative
to sickness among foundrymen, the
Statistical and Actuarial Departments
of the Metropolitan Life Insurance
Company, in a study of mortality
statistics, have supplied the following

- evidence to show that foundry workers

sre subject to an unusually high
incidence of respiratory diseases.
Mortality statisties both American
and foreign, covering a long period of
years, agree in recording high death
mtes for respiratory diseases for
foundry workers. These studies, it
must be admitted, have been {ar {rom
complete, giving little indication of the
specific proccases responsible for tho
excess mortality from those causes.
Nevertheless, the results have been so
consistent as to leave little doubt con-
cerning the presence of some condition
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firmation of American insurance ex-
perience is afforded by this compre-
hensive analysis of English popuiation
statistics covering the occupational
mortality of males in England and
Wales during the years 1921-1923.
Three classes of foundry workers were
reported upon—metal molders, iron
foundry furmnacemen and laborers,
and bress foundry furnacemen and
Inborers.  Standardized death rates
{nges 20-85) were given for each of
the important ¢auses of death.

The foundrymen’s mortalit); is
shown to exceed that for all occupied
and retired males for each of the
respiratory diseases. So’far as re-
spiratory tuberculosis is concerned,
the excess was slight in two of the
classes, being but 7 per cent. in excess
for metal molders, and 1 per cent for
{ron foundry furnacemen and laborers.

The rate for brass foundry furnacemen -

and laborers, however, was more than
twice that for all occupied and retired
rosles. Brass foundry workers, curi-
ously enough, also hsd the highest
death rates for each of the other
respiratory diseases. Their death rate
for bronchitis exceeded the average by
99 per cent., that for influenza by 121
per cent., and that for pneumonia by
149 per cent. Iron foundry workers
had the next highest death rates for
each discase. Their excess mortality
ranged from 79 per cent. for influenza
to 127 per cent. for pneumonis.
Metal molders had the lowest rate for
each class except for tuberculosls.
Their rates for non-tubereulous respir-
atory discases exceeded the average
by from 41 per cent. for influenza, to
72 per cent. for bronchitia.

As s protection to the employer as
well s the employees, it seems advis-

N
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able to sclect not only workers who are
skilled and competent, but also those
who are physically fit for the work.
This can only be accomplished through
a physical examination, which should
include an X-ray examination when
indicated. In view of the serious
results frequently foliowing long ex-
posures in dusty atmosplierws, all such
men should be repentedly re-examined
so that if evidence of diseass develope
it can promptly be checked.

Tae Leav Hazarp m Founorizs
’ Srupizn

Three of the foundries studied, J, K,
and O, have brass foundries for the
casting of bearing metal. Air samples
taken at the breathing level of the
workmen and analyzed for lead showed
the concentrations given in Table
VII.

Tozicily of lead.—A relatively small
number of studies have been published
concerning the quantitative aspeets of
lead poisoning. Legge and Goadby
have stated ss their belief that 2mg. of
lead was the lowest dose which, in.®
haled by a worker each day, would in
the course of & year set up chronic lead
poisoning. Teleky, a distinguished
Germon industrisi hygienist, is re-
ported by Oliver as believing that a
little more than a milligram per day is

‘toxic. A recent investigation of lead

poisoning in a storage battery plant by
Russell et al. (14) indicates that the
limit of safety under the conditions
encountered in the study is an atmos-
pherio concentration of lead dust or
fumes of lcas than 1.5 mg. per 10 cubie
meters of air.

For the purposc of such a study as
the present, it is necessary to set rather
arbitrarily some mﬁdud for the

M SR eSS s . .
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minimal toxic dose, and it is presym-
sbly fair to assume | mg. per day as
the minimal toxic dose. It is assumed
that & man working ten hours inhales
10 cubic meters of air. All of this air
would not reach the slveoli of the lungs,
but this air would be drswn into the
body and some of the dust or fumes
drawa with {t mighs be swallowed if
pot inhaled.

Men exposed to lead should be
examined at monthly intervals. An
important part of ths physical exami-
aation is an examination of the blood.
Most of the recent research workers
regard the blood and ths blood forming

Lesd may cause the early development
of arterioscierosis (hardening of the
sarteries) or chronic nephritis (kidney
disesse), a3 well as pther degenerative
changes which bear no apparent rels-
tion to lead poisoning. There are
four signs which most frequently
appesr during the early stage of the
disesse: (a) the asben color of the
skin, (b) the lead line on the gums, (¢)

stippling of tbe red blood cells, and

(d) mild secondary anemia or other
evidence of rapid peripheral destrue-

tion of blood, such as increased quan-
th.y of blood pigment in the plasma or
of hematoporphyrin in the urine.

TABLE VII
s
ewmoveweor | ovisssrus | opirssewn | L8008 av e
A0 SANVLEY | CUDIZ OOt OF | CURIC NETER WAN IRBATHING
Am ¢ oram {tevex uzrsm
or I
Plagt J...ci i in i riiiininin e 24.3 0.08 . 2.8
Plast K.....ooovivviiieniinrannns 60.0 0.02 on 7.1
Plant O/ iiiiiinininonnn 4.5 0.04 1.4 14.1

system &3 the anatomical elements
eatliest gffected by lead, and hold tha}
by a mieroscopical examination of the
blood of Jead workers, lead absorption
may be detected before symptoms
develop, -and when, therefore, it is

‘These conditiona can only be discovered
by careful and frequent medical exam-
inations of exposed individuals.
Certain measures of hygiene are
particularly {mportant. Workmen
should wear clean clothes while ot

possible’ for actual lead poisoning to -work, snd slways keep them quite

be avertad. - Additional evidence of
sbsorptiap is the presence of lead in the
excreta apd the appesrance of a lead
line in the gums. While neither the
presence of lead in the urine and feccs,
nor the discoloration of the gums
demonstrates in itself that there has
been any injury to the organism, both
signify that Jead has been nbeorbed.
Damage to body tissues may boocome
manifest in many different ways.

.

separate from those worn at other
times. This requires two lockers, for
if dusty clothes are hung at night
whers street clothes hang during the
day, contamination ecan hardly be
prevented. An.excellent arrangement
used by many piants consists in build-
ing Jocker rooms on either side of the
shower room. Men are required to
leave work clothing {n one jocker and
pem into the shower room. After

m , Amdane

PR — —

2.1 1_!0.? Kl

-

e
tews

ST

26 VO AJGLS
"

-
-

SRS VS

{ Ylav.
Al

Lot

. ae

*r. » ..
Cow 1000 b 4y

e
A
. ALl sl

)
¥

At -

‘-,
e

.. = ey
-

..‘& e

19) S IR,
Nali W T

-
*qvnl
L)
o

v

Qoe 25 X«

"Ny

SOy RV

“a

cas

N £y

a5 45




LA SRR PR =TIV AN, ¥ S TN Y ON ---.n«.-nh.-..-u..-.u‘.—-a--“__.,

248 THE JOURNAL OF INDUSTRIAL HYGIENE (2w, no. 4

taking & shower they pass along to the
next locker room where they dress in
street clothes. Smoking or chewing
tobacco, if the hands are at all dirty,
involves the danger of ingestion of
lead; ond as food may also be con-
taminated In the same way, provision
should be made for ample washing
facilities and for eating In rooms
completely removed from the lead
hazard.

The pbysician or some represents-
tive of the company should be given
authority to order the transfer of
suspicious cases from hazardous posi-
tions, or to request a period of rest.
Upon re-exposure great emphasis must
be placed on the necessary precau.
tions, and the factory physician should
be rigorous in his supervision.

certain foundries employing hydraulic
pressure in core casting cleaning.
Protective clothing sbould be worn

by workers 30 exposed.
Prant Hovspxzrrino

Ordorliness snd clesnlingss, in 8o far
as practieable for the type of work,
were the rule rather than the exception
in the plants studied. The floors
were found to be fairly level. Ounly
occasionally wers sandy hills and
hollows noticed. For cleaning, safety
and efficiency, concrete, wooden blocks
or granite blocks are preferable, and
it is easier to keep them free from
excesgive dust. It is important to
keep the aisles clear and well main-
tained, and provision should be made
for storing equipment and tooils not

. in use.

HEeat, CoLb axp WET Hazazns

Molders are exposed to the heat of
molten metal when pouring and again
to the heat of the partially cooled
casting on shaking out the molds.

Cranemen and those working st the
cupols are exposed to excessive heat
from the molten metal, and it is usually
_ the front of the body that is exposed.
Here also arises & hasard affecting the
eyes due to glare of hot metal and
burns from spattering.

As the foundry is of a large ares
with large entrance doors and, neces-
sarily, has sources of heat unevenly
distributed, drafts are set up to which
the workmen are exposed. The results
of a study of the effccts of radiant
heat on the skin sre reported in
Reprint No. 1370 of the U. 8 Publie
Heaith Servies (15). Thisstudy deme
onstrates the actual gkin temperatures
resulting from exposure to hest scurces.

There are few wet hazards, exeept in

PrrsoNaL Service Facrnrrizs

Washing facililies.~~Separste and
modern washrooms are provided for
the employees in most instances. A
some the washing facilities are scanty
and inadequate. Shower baths pro-
vided with hot and cold water were

found only oceasionally.

Lockers. The majority of the found-
ries furnish lockers of some sort, made
either of wood or steel.

When employeea change their strect
clothing in the work rooms, the want
of lockers leads to the continued
exposure to dust of street clothing, ns
well as of food and tobacco, as fong as
they are in the foundry. Because
lockers and locker rooms are not

provided, the employees in many

-cases wear their work clothes from

their homes to the foundry and back
sgain, and in this manner carry dust
into their homes.

U U .
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engaged in each foundry occupation, Causes of death by occupation (12).—
assuming that they experienced the The occupationsl mortality of aduit
same desth rate as Standard lives, was-+ white male Industrial poliéyholders
computed. The number of expected of the Metropolitan Life Insurance
deaths thus calculsted was then com» Company who died during the years
pared with the number which actually 1922-1924 is reported upon in this
ocourred. invastigation. 8ince the number of
Iron and steel molders, founders, living policyholders in each occupation
and casters, constitute ths largest clasy wus not known, death rates could
foundry group represented in the not be caleulated. The method of
{nvestigation. In fact, this is the analysis employed was to compare the
only group reported upon which of proportion of deaths duc to any one
jtsell had & sufficient number of deaths' cause¥n amy one specified occupation
to give significant results. It is group, with the proportion due to the
worthy of mention first that more same cause among all occupied white
deaths were recorded from pneumonis males.
among these workers than from sny Here again we find that pneumonia
other cause. Where there might have was the leading cause of death among
been expected twelve deaths from this foundry workers, s condition not true
cause, there were sctually 38, giving &  of any of the other 71 occupations

HEALTH HAZARDS IN FOUNDRY INDUSTRY A4S

ratio of actual to expected deaths of
315 per cent. Twenty-four deaths
were recorded for respiratory tubercu-
losis where 13 might bave been ex-

included in the analysis. Deaths from
pneumonia accounted for 15.9 per
cent. of the deaths from all ‘causes,
while deaths from tuberculosis ac-

pected, giving s ratio of 179 per cent., counted for 14.8 per cent. The com-
while the ratio for influensa was 218 bined group of respiratory discascs
per cent., based on 23 actusl as com- was responsible for slightly more than
pared with 11 expected deaths. A ono-third of all the deaths of foundry-
* similar situation was found for mold- men, compared with slightly less than
ers, founders and casters of brass and one-fourth of the deaths of all occupied
bronze, except that the ratios’ in workers.
general were higher than for fron When differsnces in the age com-
molders and deaths from tuberculosis position of the two groups were taken
were more numerous than from pneu- into account, it was determined that
monia. The number of deaths, how- the proportion of deaths from pneu-
ever, were few. There were seven monia was 120 per cent. higher for
deaths {rom tuberculosis where 1.3 was  foundrymen than for occupied males
expected; five from pneumonia where generally. In the same way, the
1.1 was expected, and four deaths from  proportion of deaths from influenzs
influenza where one was cxpected. was found to be 82 per cent. higher,
* All che other foundry occupations that for tuberculosis of the respirstory
showed high ratios of actual to ex- asystem 5 per cent. higher, and that for
pected deaths for each of the respirs-  othor respiratory discases, 17 per cent.
tory causes. Few deaths were re- - higher.
corded for each class, but taken Report of the registrargeneral of
together the results are significant. England and Wales—182! (13).~Con-
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Waler supply and drinking facili-
{ies.—In the foundries studied city
water supply was available. A few of
the foundries have ‘‘bubblers’’ or
fountains, The water is cooled for
use in the warm weather.

Tolels.~The toilsts are all eon
nected with a sewer system and areof a
modern type. As a rule, they are
adequate in number.

Clothing.—~Protective clothing and
foundry shoes are usually worn by the
workers.

Respirators. These are provided
where necessary and while a fow work-
<rs use the old type c{ helmet, the
majority use the newer positive pres-
sure air masks. The chief criticisms
to be made are:

1. Poor mechanical maintenance;
either the workman does not reccive
sufficient air or else the face picce or
hood is s0 worn that it does not fit
properly.

2. Use of an improper type of
respirator—the use of the ordinary pig
snout respirator without positive air
supply.

3..Positive pressure respirators not
rupplied with clean air.

Soumary anD ConcCLUsIONS .

This study has directed attention to
the improvements noticed in foundry
processes and particularly the progress
mede in the development of protoe-
tive equipment for foundry use. It do-
monstrates also that the available pro-
tective equipment either is not used
to advantage or is poorly maintained.

Counts of dust particles in tho aie
taken at the breathing levels of the
workers are given and ’qdluu o rela-
tively high dust eount in practically
every department of the foundry. In

IN FOUNDRY INDUSTRY 249

only two plants (C and L) of the grey
iron foundries and three (R, S, and U)
of the malleable foundries were the
dust counts found consistently low.
The dust concentration in many
Instances was sufficiently high to
justify the amumption that workers so
exposed over a period of years might
readily develop silicosis. More than
36 per cent. of the samples collected
exceeded ten million dust particles and
nearly 10 per cent. exceeded one
'bundred million particies less than ten
microns in greatest diameter per
cubic foot of air, determined by the
standard light field method. The
sdvantages of modifying the illumina-

. tion (dark field method) are discussed

and the method described. Both
methods were uscd in this study and
it wasfound that for dusts encountered
in foundries the dark field method
gave results consistently twice as
great as the standard light feld pro-
cedure. Counts determined by the
standard light field method only are
listed.

The report emphasises the harmful
effects on the lungs of exposed workers
from inhalstion of dust and gives the
results of the X-ray findings of groups
of workers. Sixty-scven of the two
hundred fifteen X-ray films taken were
diagnosed as positive for silicosis.
While advanced cases of silicosis were
not found among thoss examined,
sufficient evidence of the occurrence
of the discase is presented. The
prevalonce of respiratory diseascs, as
indieated by mortality statistics, is
discussed.

A section of the report is devoted
to & discussion of lead dust and fumes
found in a few of the foundries studied.
In every instanco the lead contont of
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the air breathed by workmen exceeded
the limits of safety. Recommends-
tions regarding the control of this
hazard are suggested.

Other possible health hazards, such
as heat, cold, dampness, ete., have
been briefly discussed. Comments re-
garding plaat housekeeping and pere
sonal service facilities are made.

Recommendations regarding the iso-
Istion of processes, the use of approved
equipment, responsibility for main-
taining and inspecting equipment, the
desirability of s program to insure
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‘plant cleanliness, and the protection
of workers by means of proper clothing
and respitators and by initia]l and
periodical physical examinations have
been submitted. R

It is believed that this study justifies
the conelusion that while foundry
work at present may be considered o
hazardous occupation, there are gvail-
able well-designed equipment and
protective devices which, if used and
maintained, will prevent undue ex-
posure of foundrymen to hazards
injurious to health.
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those exposed 20 years and longer,
and a larpe proportion of the workers
developed pulmonary tuberculosis. It
was not found in this investigation
that it would be necessary to eliminate
all of the dust to do away with the
hazard. A safe limit of between nine
and twenty million particles of dust,
less than 10 microns in longest diam-
cter, per cubie foot of air could be
established. The conditions of at-
mosphere involved in this investiga-
tion, however, are not comparable to
those encountered in the foundries.

Table I gives the dust counts by
plants and by processes for the
various types of foundries. _

These counts represent the air
dustiness st a given place and for a
given period during which the collect-
ing device wasin operation, and merely
suggest the extent of stmospherio
pollution. It must be remembered,
bowever, that these conditions may
vary during the working day period
and from day to day.

The value of dust determinations
lies in their employment as a measure-
ment for the efficiency of devices and
cquipment designed to control dust,
rather than for the purpose of estab-
lishing safe limits of air dustiness.
It will be noticed that the counts

listed under plant L are consistently '
Jower than thesc under other grey iron

foundries, and are entirely due to the
progress this plant has made in control-
ling the dust through well designed
equipment and effective exhaust sys-
tems. .

A safe limit of air dustiness for
joundries has never becn established,
but presumably on account of the high
silica content of the dust the count
representing a safe limit would be com-

g

parativery 10w and in many instances
impracticable to masintain. Protee-
tion can- best be afforded to foundry-
men by isolating dusty processes as far
as practicable; by the employment of
well designed snd well constructed
dust-tight equipment; by the substi-
tution, wherover possible, of mechani-
cal cleaning for hand cleaning; by
the adequate maintenance of general
ventilation and local exhaust systems;
by good housekeeping; and by supply-
ing workers exposed to dust, which
cannot otherwise be controlled, with
adequatg respiratory protective equip-
ment. Responsibility does not end
with the installation of proper facili-
ties, but these must be adequately
maintained through regular and intel-
ligent inspection. ‘A responsible per-
son or persons directly under the
supervision of the management should
be assigned the task of inspecting
equipment and supervising house-
keeping conditions.

X-zaY ExAMINATIONS

Although certain symptoms and
signs suggestive of silicosis may be
found on physical cxamination, the
diagnosis rests mainly on the X-ray
film of ths chest. The progress of
silicosis has been classified by Lanza
and Childs (9) based upon roentgen-
ray findings into three stages. The
appearances during the prugress of the
condition are so strikingly diffcrent
that anyone is likely to seleet practi-
cally the same classification. The first
stage demonstratcs & beginning fibro-
sis; the trunk shadows are increased in
density and breadth, with numerous
punctate deposits of varying size along
them. Second stage: in addition to
the foregoing, there are found fairly
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characteristic picture of advanced
~ihicosis.

An excellent x-ray film of the nor-
ral individual's chest represents s
rrojection of the pulmonary structure
cast as shadows of varying density.
prominent among these derisities are
:hase cast by the blood vessels, which
(nmpose the so-called vascular tree.
The fibrous changes initiated by pure
ulica can be detected in the early
stages on a good roentgenogram, by
tne increased densities shown at the
ront of the lung where the lymph
rodes are situated. Further changes
tnroughout the lymphatic system will
become evident by an increased
nrominence of the vascular shadows
caused by fibrosis developing in the
lymphatics surrounding these struce
wures.  Finally the roentgenogram
wilt reveal, as small round densities,
the uatformly-distributed, discreet,
tbrous nodules present throughout
ihe lung in advanced silicosis, giving
the characteristic ‘‘snowe-storm’ ap-
pearance described by roentgenolo-
RS,

Jnert dusts such as coal, hematite,
gypsum, alumins, and limestone, pro-
duce no stimulation of the phago-
¢rtes and hence tend to remain with«
in these cells for long periods without
pramoting any further action. When
mixtures of silica and these inert
dusts are inhaled together, the resc-
uon so characteristic of silica is moli~
ted by the inert material which
1ends to slow down the changes which
would rosult if the silica were present
alone. These modified reactions are
apparent not only to the pathologist,
Lut also to the roentgenologist, and
constitute the great bulk of all cases
ol occupational fibrosis. Experience
tias demonstrated that Individuals
with madified silicosis do not suffer
trom the excessive mortality which
characterizes those groups with true
stlicosts.

tf wberele bacilli are inhaled, they
ate handled in much the same man-
ner_as dusts. Once in contact with
the tissues, however, they are either
killed and disposed of or they set up
hxahized foei of infection. The ar-
ximsms are transported by phago-
vyles into the lymphatics and the tis-
sues then attempt to wall off these
toci of infection by la down an
ever thickening mantle of fibrosis.
This reaction is much the same as
that which follows the inhalation of
ulica, except that it is generally lo-
calized to one or more portions of the
lung and may be visualized and {n-
lerpreted  as  tuberculosis with re-
markable sccurscy in a good x-ray
ol the chest.

Qbviously, the lung which has been
njured by a pulmonary infection,
«uch as tuberculosis, is far less com-
petent to deal with a dust, such as
shica, than is the normal lung. More-
~ver, it has been proved both clini-
cilly and experimentally that the in-
talation of pure crystalline silica
tnds to reactivate a pulmonary tu-
‘ereulous lesion which would other-

v heal, sand frequently renders
sch infection progressive and fatal
“ven i the tuberculous lesion has
suecessfully healed prior to the time
when silica is inhaied, a far greater
reaction to the dust occurs about the
site of the old tuberculous scar than
wrurs in normal tissue, since the
-(rnl‘nnze system in that area hay al-
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two processes apparently stimulate
the tissues to produce an excessive
amount of fibrosis.

Recent investigations have dis-
closed that individuals who have
simple silicosis, uncomplicated with
tuberculosis, are r-. generally dis-
abled, even though their condition
may be quite advanced. A careful
physical examination frequently fails
to reveal anything abnormal about
such individuals, and the changes
which have occurred in their lungs
can be detected only by the x-ray.

Silicotic workmen who complain of
shortness of breath, chest pain, cough,
or other disabling symptoms are gen-
erally found to have either a compli-
ceating pulmonary infection, usually
tuberculous in nature, or some evi-
dence of a previous pulmonary in-
jury whieh has left g localized scar.
These cases csn be discerned on an
x-ray film by the characteristic ap-
pearance of silicesis to which have
been added the densities cast by the
localized masses of pulmonary Sbrosis
which exist about the sites of the in-
fection or previous pulmonary injury.
Frequently, such cases fail to show
tubercle bscilli in the sputum until
shortly before desth. In many in-
stances, the disease is unusually
chronic and only slowly progressive,
manifesting itsel! largely by a pro-
gressive shortness of breath. Cases
of this type are the prominent feature
amceng the men actually disabled b
a modified silicosis hazard, .

Widespread misconception of the -

disabling effects of uncomplicated
silicosis has arisen from the studies
of early investigators who were une
able to distinguish cases of silicosis
from those complicated with pulmon-
ary tuberculesis or other infections
with the equipment or knowledge
then available. These earlier investi-
gations revealed silicotics who dis-
played shortness of breath, chest
pain, cough, and other disabling
symptoms which were ascribed to sili-
cosis alone. since tubercle bacilll
could not be found in the gputum. It
should be realized. at the present
time, however, that silicosis assumes
a serious position as an occupational
hazard largely because of its effect on
ns, predominately

tubepculous in chara 3
Though the foundry must always
be considered as a dusty industry, the
vature of {ts operations are such as
to induce, for the most part, only a
modified silicosis. Both mortality
studies and clinical examinations ot
foundry workers fail to disclose the
tyve of hazard associated with a pure
silica exposure. Many men in ad-
vanced age groups who have spent
their entire working lives in the
foundry industry are still capable
workmen, suffering from no occups-
tional disability, although most of
them will be found to have some de-
gree of pulmonary fibrosis. The
workmen who are disabled by an oc-
cupational fibrosis contracted in the
foundry are generally those who ex-
hibit evidence of concurrent pulmon-
ary infection or other injury. It must
be recognized. in spite of these allevi-
ating circumstances, t 8 certain
does exist in all

occupational hazard
foundries.

Any working atmosphere which
contains more than a certain thresh-
old canrantratian A¢ piline wui?t 1mdi..
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in workmen exposed to it over long
periods of time. Information gath-
ered {rom field studies made in many
parts of the world indicates tnat a nor-
mal man may work for many years
In air containing pure crystalline sili-
ca dust without impairing his health,
providing the concentration does not
exceed 5.000.000 particles per cu. ft.
of air as determined by the standard
method used in the United States.

This concentration constitutes a
special value for the health hazards
created by silica which may be désig-
nated as the primary threshold. The
value of this threshold will be (n-
creased for those industries in which
the silies hazard {s reduced by the
presence of modifying factors. The
development rate does not always
appear to vary directly with the con-
centration but increases glowly with
the elevation of the dust level up to
a certain value where the accelera-
tion becomes very marked.

Concentrations of 100,000,000 or
more pure silica particles per cu. ft.
of air appear to be extremely hazard-
ous and constitute a second special
value which may be designated as the
secondary threshold. Concentrations
of pure silica above this secondary
threshold lead to the rapid develop-

ment ot silicosis and men working in
these extra hazardous atmospheres
have been known to acquire true sili-
cosis in less than two years. Exam-
ples of this type can be found among
men dry drilling tunnels in quarig
rock or sandblasting without protec-
tive equipment. Demonstrable silico-
sis usually develops in workmen ex-
sed to pure silica in concentrations
g:tween the primary and secondary
thresholds in from five to 30 or more
years, depending upon the individ-
ual's susceptibility and the degree of
the exposure. i

Experience has shown that dimin-
ishing a hazardous dust exposure re-
sults in extending the time required
tor silicosis to develop and that even
when it does occur, there is generally
little evidence of disability among
the workmen who contract it, unless
they have a complicating pulmonary
infection or other injury. All of the
preceding remarks with regard to
dust concentration apply only to those
individuais without pulmonary ab-
normalities. The presence of pul-
monary intections or other patholog-
ical conditions generally alters the
normal susceptibility of dust dijeases.

It appears to be true that the indi-
vidual with arrested tuberculosis
might be subjected to & health hazard
in an atmosphere containing less
than 5,000,000 particles of pure quartz
dust eu. {t. of air; while he might
suffer no ill effects {rom exposure to
fairly high concentration of inert
dusts, such as coal. alumina, limestone
or hematite, Obviously, the values
given cannot be used arbitrarily to
measure the degree of any hazard or
to form the basis for legisiative codes
of good practice but they serve as one
of the aids in bringing a given dust
hazard under control.

What then are the responsibillites
of the executives of those industries
in which the dust hazard is suspected?
In the author’s opinion, the first duty
imposed upon the operator, requires
that he secure a2 thorough knowledge
of the nature of the disease itself
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ject. unfortunately, assume the atti-
tude that silicosis is just another
“racket” and delcgate the duty of
keeping the organization out of trou-
ble to minor oflicials. The subordinate
oflicers. having been impressed with
the general attitude of the manage-
ment, are [requently powerless to
inaugurate a comprehensive program
designed to cope with all of the exist-
ing circumstances and delay construc-
tive action by refusing to recognize
that their operations are in any way
afTected.

The futility of this procedure is evie
denced by the fact that claims event-
uaily urise wnieh eompsl recosnition
of the disease and the adoption of a
proper policy at a time when condi-
tions are much less favorable for ils
successtul application than would
have existed at an earlier date.

Some managements apparently re-
gard the silicosis question as a purely
legal matter and rely largely on such
counsel for determination of policy.
This procedure tends to distort the
problem by illuminating it largely
from a single aspect. Obviously, it
is cqually inadvisable for a manage-
ment to depend entirely upon the
judgment or suggestions offered by
either the medical, engineering or
production members of its staff.

The most important requisite to
good administration of silicosis probe
lems lies rather in an informed man-
agment advised and directed by au-
thoritative opinion representing the
legal, medical, engineering and pro-
duction divisions of the industry and
assisted by consultation with some or-
ganization qualified bv long experi-
ence with the problem, if necessary.

Having divested themselves of pre-
formed conclusions concerning their
particular situation. the second re-
sponsibility of employers consists in
inaygurating a thorough survey of
their plant to determine the existence,
nature and extent of the dust hazard.
A sprvey of this type may include the
physical and x-ray examination of the
empioyees, the taking of occupational
records. the determination of the
nature and concentration of the dust
suspended in the working stmosphere,
an analysis of the mortality records
in the distriet, and it possible, post-
mortem examinations of old em-
ployees dying from any cause.

The actual importance of silicosis
as an industrial problem has been
greatly over-emphasized for several
reasons, chief among which has been
the reluctance of administrative of-
ficers to investigate and reveal the
existing facts in their operations. The
mantle of secrecy which has shrouded
existing conditions wherever many

" dust hazards are involved, has served
to exaggerate their significance. Cou-

pled with this lack of accurate and
complete information, there has been,
in the United States, an unwilling-~
ness to provide well-framed legisia-
tion to regulate the compensation ot
workmen affected by exposure to
dust. This, in turn, has resulted in
the filing of numerous claims in civil
court which allege that a persanal in.
jury has been incurred through the
negligence of the employm.
mitting men to work in a ous
atmaosphere.

The enormous amount of mompy
involved (n these civil actions, to~

cnmliininm mmpabod e
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judicial bodies attempting to deal
with this complex question, has given
an aitogether unwarranted notoriety
and importance to this subject. Un-
favorable experience with civil ac-
tions has prompted the hasty passage
of occupational disease legislation in
some of the United States where the
facts are still unrevealed, and there
is every reason to expect that unrea-
sonable decisions based upon poor
medical testimony, misinformation
concerning the dust hazard, and a
general tendency to attribute all {lls
to industria] conditions, will tend to
discredit these laws and thus further
prolong the unusual prominence. ac-
corded silleesis.

Administrative officers must fur-
ther recognize that the situation
which has been created in the United
States is now of an emergency nature,
and that there is neither a sufficient
amount of reliable information, nor a
‘hru enough number of properly
trained and informed authorities in
many localities to deal with the sili-
cosis problem. Under the press of
emergency, many so-called silicosis
experts have appeared over night and
technical publications have been
flooded with silicosis articles, few of
which have added materially to the
general understanding of the subject,
but many of which have served to
confuse and confound everyone in-
terested in evaluating the actual
issue.

As is true of nearly all diseases
known to the science of medicine, cer-
tain phenomena associated with dust
diseases are not understood or are
impertectly explained by medical au-
thorities. A much more unfortunste
difficulty arises out of the fact that
many members of the medical profes-
sion, whose authority cannot be ques-
tioned in their particular fleld, are er-
roneously informed on this subject
and offer opinions which are ac-
cepted as true, to the further bewil-
derment of all.

The same criticism may be offered
against engineers, public health of-
ficials or attorneys, whose knowledge
of silicosis has not arisen out of long
and Intimate first-hand experience.
For this reason, it may be advisable
to consider consultation with some
organization competent to analyse the

tion available so that a proper
policy may be determined.

If no hazard iz discovered by a
thorough survey, both the employer
and the employee are protected by the
Information secured. On the other
hand, if a hazard is detected, the orig-
inal study serves as a guide to the fu-
ture program of control which should
be promptly initiated.

A control program in a dusty ine
dustry whose hazard has been defined
will include the reduction of the dust
concentration in the working atmos-
phere and the application of protec-
tive devices, the establishment of cer-
tain physical standards for new em-
ployees, the selective placement of
old employees on the basis of their
physical condition and the adoption of
an educational program properly to
inform all those vitally concerned
with the effects of a dust hazard.

Thoroughly reliable methods of de-
termining dust concentrations are
available and engineers equipped to
utilize these procedures can discover
the enuyress and sxtent of the contame

February, 1936

ducing the hazard to within safe
limits or applying adequate protec-
tive devices, A constant check of the
dust concentration in the atmosphere
should be maintained and records
should be kept to show the condition
of the working atmosphere, the na-
ture of the protective equipment and
the total duration of time each work-
man is required to spend in a hazard-
ous occupation. .

A pre-employment examination,
including an occupational history and
excellent stereoscopic chest roent-
genograms, should be given to every
new employee. In general these ex-
aminations will serve to classify men
inte three main groups composvd of
(1) those whose chests are appar-
ently normal, (2) those who have an
occupational fAbrosis without any
other pulmonary abnormality, and
(3) those who have tuberculosis or
other puimonary abnormllitieé either
with or without occupational flbrosis.

In considering the desirability of
employing men whose chests are ap-

rently normal, it should be borne
n mind that young men, probably up
to the sge of thirty or thereabout, are
not altogether perfect risks for em-
ployment in a hazardous dust since
they are in an age period during
which they may still contract tu-
berculosis.

in the author's opinion, men who
show evidence of simple occupational
fibrosis and who are past the age of
30, as most of them will be, are ex-
cellent risks since the author does
not believe that uncomplicated silico-
sis is ordinarily disabling and since
these men are past the age period
during which they are likely to de-
velop tuberculosis. These men may
show some progression of their fibro-
sis after employment in a dusty in-
dustry but they will not tend to de-
velop disability if they have been rig-
idly examined to exclude those show-
ing any x-ray evidence of tuberculo-,
sis or other pulmonary injuries.

If this class of persons is to be dis-
criminated against, it will create a
most unfortunate social problem,
since many skilled craftsmen perfect.
ly capable of a lifetime of useful szc-
tivity will be thrown out of work lo
become embittered and the prey of
unscrupulous lawyers and doctors
who will further complicate the sit-
uation by making the , workmen
claimants and neurotics. It is the au-
thor's belief that these men should not
be eligible for compensation but if
they are made so under the law, then
legislation should also be provided to
permit them te waive their right to
compensation for an occupational
disease, so that they may have the
privilege which should be accorded
to all free men—that of working at
the tasks for which they are best
suited. Provided that this group is
carefully selected to exclude infection
and remains under medical supervi-
sion while in the dusty industry, their
experience should be as favorable u
any that the employer could choose.

As to the third group of men, an
injustice is done to both the employer
and the prospective employee by
placing any person at work in a haz-
ardous dust who has tuberculosis o
other significant pulmonary abnor-
malities whether or not occupational
fibrosis is present. .- .

In the presence of a known dust



