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INTRODUCTION of the following individuals in making ;
N APRIL, 1931, the Wisconsin ‘RIS survey: _ Y
Manufacturers ! Association, Dr. F. V. Meriwether, Surgeon, ‘
through Mr. Harold 8. Falk, U. 8. Public Heslth Servicg. \
Chairmen of the Association’s com- ' Dr-A.J. Lanss, Asistant Medi- h
mittee on dust, fumes, vapors and ;‘! Directo(r:,oMetropolihn Life i
gases, requested the Metropolitan nsurance Lompeny. : I
Life Insurance Company to extend s Mr. P A. Petrick, .Lubm‘-ntory NI
bealth survey, undertaken for a group Assistant, Metropolitan Life In- i
of its own policyholders, to include surance Company. :
representative foundries in the Stats  goopp AnD TECHNIC OF THE SURVEY i ’
of Wisconsin for the purpose of de-
A Although a total of 41 foundries
termining the extent and nature of ~ A
bhas been surveyed by the Industrial 2 |
the heaith hazards in the industry, .
with the object of recommending Health. Section to date, twenty-one !
measures for better and more sanitary foundries were selected for this study !
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working conditions. u reprt.zentative of the industry.

The proposed study was discussed The various types of foundries were
with Mr. F. M. Wileox, Chairman of Classifed in four general groups,
the Industrial Commision for the " Dsmely: . :
State of Wisconsin, who cndorsed the A. Grey iron fo_undnel; :
Association's request that the Metro- B. Stecl foundries; !
politan Life Insurance Company un- C. Malleable iron foundries; . !
dertake tho survey. This request D. Non-ferrous me?nl foundries. ;4
met with the approval of Mr. F. H. The first group (A) is represented by { 1
Ecker, Prosident of the Metroplitan plants A to L inclusive. Plant J of )
Life Insurance Company, who directed this group manufactures both iron and
the Industrial Health Section to 5we! castings, and Plant K manu- .
conduct the study. factures grey iron and inalleable iron

Acknowledgment is gratefully made ~stings. The former, therelore, may
for the counsel and technical assistance ¢ clamified in groups A and B, and

the latter in groups A and C.
* Received for publieation, June 1, 1934, The second group (B) is represented
: a7
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by plants M to P inclusive; the third
group (C) by plants Q to T inclusive;
and the fourth group by plant U.
Plant Q manufactures stcel and mal-
leable iron eastings and may be
classifed in groups B and C.

The survey includes plants of all -

sizes and those considerod good, avers
ageand poor. Therefore, the selection
Is representative of the industry, as
far as size and plant conditions are
concerned. Although physical exami-
nations were not made, excep
these were the routine of the plant, 215
X-ray examinations of the chests of
workers exposed to foundry dusts were
made. These workers were selected
from locations where the dust con-
centrations were highest.  Dust
samples were taken at various places of
employment and in the line of travel
in each department, To secure a
picture of working conditions and, if

possible, sources of hesith hasards,

process analyses were made, and sani-
tary conditions and personal service
facilities were noted.

MEASCRING INSTRUMENTS AND METR-
ops or CorLircTiNG SamrLES

The measuring imtru'mech used in
the survey were the foot candle meter
for determining the illumination at
the working levels; the sling psychrom-
eter for measuring the dry and wet
bulb temperatures; flasks for collecting
gas sampics which were analysed for
curbon monoxide; and the impinger
:nd electrical precipitator for collect-
ing dust samples.

Air samples were collected around
the cupolas and in ths vicinity of
freshly poured molds. These were
analyzed for carbon monoxide by the
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pyrotannic acid method, but the re-
sults of these analyses were negative.

Afrsampling for dust was made with
the impinger (1) method which collects
the dust by aspirating the air and
impinging it onto a flat surface covered
by a liquid in a container; and with
tho eleatric procipitator (2), an (nstru.
ment designed upon the principle of a
Cottrell precipitator. Both are stand-
ard methods used in America for
determining dust concentrations and
particle sise.

The impinger was placed in close
proximity to the largest groups of
workmen and at a beight correspond-
ing to the breathing level of these
workers. The liquid used in the con-
tainer of the impinger consisted of
distilled water. The impingers were
actuated by suction supplied by steam
ejectors opersted by compressed air.
The rate of air flow, during sampling,
was measured by means of & small
vacuum gauge inserted into the suction
line. The entire set-up, in turn, had
previously been standardized against
s standard wet meter. Wherever
masks or respirstors were worn by the
workmen, a connection was made
either into or under the helmet by
means of rubber tubing which was
connected to the impinger. Each
sample collected by the impinger
method represented a sample of dust
from s volume of air amounting to
from 50 to 100 cubioe feet.

The electric precipitator was placed
in a position similar to that of the
impinger. The air is drawn through
this instrument by means of a small
rotary fan, run by a motor, the quan-
tity being measured by a flow meter.
Each sample collected by the clectric
precipitator represonted a volume of

. -
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air of from 10 to 50 cubic fect. These rence as abscissae (3, 4). It is o ey
samples were used for determination of simple procedure to interpolste from (3 =
particle sise. these plots, which develop into straight . NS %@

Particle sizc measurcments were lines, the frequency of occurrence of 1= 1
made by taking microphotographs at & any sized dust particle less than 10 13 >
known maguification of the dried microns present in the particular dust 13 .,
preparation of dust, as dessribed by under invastigation. { '.“ -
Green (3), and then eniarging the It has beon demonstrated repestedly EE
pegative further by projecting the that no silica particies exceeding 10 ! ?3 P
imsges upon s screen by mecans of & microns (5) in greatest diameter enter = -y
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F1o. 1.—Composite Graph of General Air Samples from 12 Foundries of Which 3 are Steel, 2
8 Grey Iron and ¢ Malleable Iron Foundries '.;‘
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stereopticon. The longest diameters the lung tissue, and for this reason it )

of the images of the dust particles has been the general practice to count
were then measured upon the screen.  only dust particles under 10 microns.

From the results of a sufficicnt number  Figuro 1 indicates that 96 per cent. of s
of these measurements a curve was the dust particles were less than 10

plotted of the size froquency relations microns and 55 per cent. were less

on Hazens' logarithmic probability than 3 microns in greatest diameter.
paper, the logarithms of the funetion

measured in microns plotted as ordi- . Dusr Counrs

nates, and the probability of oecur~ The reader is referred to the March
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18, 1932 number of Public Health .

Reports (6) for a detsiled description
of methods for standardizing and
cleaning equipment and necessary
precautions for accurate work., Ac-
curate technic is acquired only by
observation and diligeat work under
the guidance of a qualified technician,
The method of dust counting used by
the United States Public Health Service
is an empirical or rule<of-thumb technic
devised to measure the extent of air
dustiness. This method wasidemon-
strated to be effective in the Service
study of the granite industry at
Barre, V¢. (7).

In 1928, one of us, J. W. F. (8),
while conducting a study of the
hazards of rock drilling on building
and subway construction work in
New York City, experienced difficulty
in checking with this standard pro-
cedure of counting and after consulta-
tion with other technicians it was
learned that certain modifications
were introduced, such as tilting or
shading the microscope mirror, thereby
modifying the light. With the in-
crease of the free silica content of the
dust the difficuities in counting by the
standard procedure increased. It was
definitely demonstrated by experi-
mentation that as the dust approached
the pure form of free silica, the re-
fraction approached that of the lena
system of the microscope, making it
difficult to fotus the image clearly.
Thercfore, & modification of the illu.
mination was tried by using & Plank-
ton or fixed stop condenser, which
resulted in marked improvement. A
series of counts was conducted by both
standard and the modified illumina-
tion, and it was found that the counts
checked more consistently, but they
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also ran higher by the modified method
than by the standard light Seld pro-
cedure. It was found later that this
procedure of modified dark Seld count-
ing is identical with the method used
on the Witwatersrand in South Africa
since July, 1923. The advantages of
the modified dark field over the
standard light field ilumination are
illustrated in the photographs here
reproduced of identical felds using 3
micron silica, the only diference
being the type of illumination (Figs.
2 and 3).

It has been demonstrated that the
employment of the dark feld method
enabies one to count readily particles
of 0.5 micron in sisze, while with the
standard light feld method particles
under 1.5 microns are {requently
missed. Both methods were used in
this study and it was found that the
modified dark field method gave results
consistently twice as great as the
standard light field procedure. The
results obtained by the standard light
field method are here reported. . *

Founory Bunomgs 'axp Pranr
Procrsses

The general condition and appear-
ance of foundries have been improved
snd they bave, therefore, become more
desirable places in which to work.
The foundry buildings for the most
part are large and high, with a great
smount of window space available.
Brick, stone, corrugated iron and
steel are the usual materials used in
construction, although a few foundries
of frame construction wers found.

Foundry work requires the use of
ponderous machinery.  Industrial
railways, cranes, hoisting accessories
and certain types of foundry machin-
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{ interest from the viewpoint
1ts, but need nat be diseussed
port which is confined to the
ition of health hagards.

Prant Hyoieng

ation. —\While most of the
studied have a Inrge window
.4 permitting the use of
luminatton in the vieinity of

ows, the majority require

1.—Standard Light Field

tetn of urtificial lighting.
ngnized that an adequate
natural light is desirable
Id be more generally used by
a systematie method of
f windowa, It wax noticed
:ome instances, where the
were not clenned for a long
1e gla had become rust-
d almost opuque, resulting
winission of very little light.
il light is not always used

IN FOUNDRY INDUSTRY ot

ndvantageously. The use of bare
Inmps is to be discournged from the

standpoint of operating economy and
on nccount of the glare, which is
annoying to workers. Steel reflectors
having & porechain enamelled reflecting
surfnce are well adapted to foundry
wark. Special treatmoent of foundry
illumination is almoxt a necessity,
owing to the darknems of the materiuls
used, which absorb a great deal of

Fra. 3.—Modified Dark Firld

tight, and on account of the sinoke,
steam and dust in the air, through
which the light must penetrate. A
lnrge volume of light ix required and
can be sceured by large lamps or
clusters of smller units, hung low
cenough and equipped with reflectors
and diffuxing globes which direct the
light downward in order to distribute
properly the light on the work.
Where beneh work or machine mold-
ing is done, the general illumination
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ghould be reinforeed with locul illu-
mination. The cleaning of these units
at frequent intervals is important,
The painting of the interiors of found-
ries with light colored paints will
facilitate light dixtribution.

Ventilation ~The usual ventilation
of foundries is by meanz of windows,
A system of foreed draft, either for
generul ventilation or for the ventila-
tion of individual rooms, is used in
~ome instances. The general ventila-
tion is supplemented, as a rule, by
ventilating hoods at specific poiuts.
The ventilation of foundries, so far az
supplying pure air for breathing is
concemed, is quite difficult on account
of the smoke, fumes, and dust incident
to foundry work. Where these can be
collected and exhausted at the point
of origin, :he problem of their cuntrol
i« simplified, but unfortynately this
cannot always be eflectively ac-
complishedl.

Air dustiness.—The introduction of
new methods, new npparatus, and new
protective measures has greatly amel-
iorated the atmosphere in foundries.
The mechaniecul cleaning of castings in
conjunction with suitable exhausts, the
use of tumbling operations and dust-
tight sand blast runms, the hydraulie
washing of custings, and the provision
uf positive air pressure helmets for
workers engaged in sand blasting are
all measures designed to control the
health buzrds resulting from the
inhalation of dust. Certain types of
founrdry waork must be done by the
older methids, particularly lurge cast-
ings where the production is su
infrequent as not to warrant the
expense of suind blust equipment, or
where the size or character of their
cures will uot admit the uwe of sard

At mar e - e .
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blast equipment. It is a fact, how-
ever, that most of the dust incident to
foundry work resuits from defective
equipment and lack of proper main-
tenance.

The dusts encuuntered in foundries
have a high free siliea content, aver-
aging between 50 per eent. and 90 per
eent. free silica, which makes control
of these dusts a necessity.

Dusty proressca.—~The health hazard
from the Inhalation of foundry dust
resuits chiefly from three foundry
uperations:

1. Sand conditioning and concey-
ing.—~The conditioning of the sand
which is accomplizhed by the addition
of binders, such as flour, molasses
and water in proper proportions,
together with sieving, mixing and the
preparation of the mold facing sand, i
usually doue in the central aréa of the *
foundry. The sand is- carried back
and forth by means of mechanical
conveyors. Although by centralizing
these operations, the raw materials
and conditioned sand are conveyed a
minimum distance, the dusts that
are created are distributed through-
out the entire foundry. Marked
improvement, from the viewpoint
of dustiness, would be noticeable
were these operations to be carried
out in a separate department com-
pletely isolated from the foundry
proper, and a considernble amount of
dust could be eonfined by enclosing
the sand couveyors.

2. Shake-out opcrations.—These up-
erations are usually located neur the
sund econditioner, but may be earried
on i any convenient space in the
foundry. When a sand cutter is used
for sand conditioning, it is customary
to shake out caxtings wherever poured.
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Because of the hot dry sand and the mechanical maintenance of a good
mechanical means of handling castings type of sand blast cabinet, together
subjected to the shaking out opers- with the use of an efficient type of
tions, clouds of fne silica dust are set respirstor by operators, will greatly
up which penetrate the entire foundry sid in safeguarding the workers.
stmosphere, thus cxposing practically
every worker to the dust. In found-  HARMTULNEZss or Siica Dust
ries where heavy castings are shaken The bssard of silica dust with apecial
out by means of auspending the mold reference to the lungs has long been
with & ¢rane and applying a vibrator spprecisted. It has been firmly estab-
hammer, fewer workmen would be lished that the inhalation of this dust
exposed to the dust if the cperstions results in & fibrosis of the lungs, which
wers carried out in a separate room or, diseass is known as “silicosis,’”’ and its
preferably, outside the foundry proper. 'presence, for some reason yet ill-
In the case of small castings, the defined, results in extraordinary pre-
shaking out operation csn be done disposition to pulmonary tuberculosis.
over a grate attached to an exhaust or It should be bomne in mind that sili-
in & separate room. Where the mold- cosis develops very slowly, taking from
ing is done on the foundry ficor and & five to fifteen and even twenty to
sand cutter is used for sand condi- twenty-five years to become estab-
tioning, the shaking out operation lished. This rate of progress is in-
should be begun preferably at the fuenced mainly by the dosage of silica
end of the working period, thus ex- which the lungs reccive and this
posing the lesst number of foundry dosage, in turn, depends upon three
workers to the resulting dust. Suf- varisbles: the amount of silica in the
Scient time would elapse for the dust to  dust, the quantity and particle size of
wttle before the beginning of the next dust in the air, and the extent of
vorking day. axposure. Individua! idiosyncrasy
Cores are now effectively removed might be included as a fourth variable.
romn castings by washing with high However, little is known of the varia-
Tessure streams of water inside a tions in susceptibility in those exposed
abinet or_outdoors. This opcmtuon to dust.
liminates the dust hazard due to ° In an investigstion of mmte cut-
iand removing and cleaning. ting piants (7), conducted by the
3. Cleaning  operafions.—Casting United States Public Health Service,
leaning by megans of chipping, grind- most of the workers were found to be
1g, and sand blnsting is sometimes exposed to an average of about
wrricd on in & scparate depsrtment, 60,000,000 particles of dust of less
it it is common practice to conduct than 10 microns in greatest diameter,
esc operations in the foundry proper per cubie foot of air. The dust con-
almost any convenicnt location tained sbout 70 per cent. silica, of

1t has the advantage of the least which about 35 per cent. was in the

wount of handling. Proper hoods form of quarts or free silica. Under
i exhausts for entrapping dust such conditions, there was an almost
sing from grinding wheels, and universal occurrence of silicosis among
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in the foundrymen's work which
operates to produce a high incidence of
respiratory aflections among them.
What few statistics there are on the
incidence of disabling sicknesses and
of the incidence of physical impair-
- ments among these workers, support

respiratory disease mortality of found-
rymen. In the following paragraphs,
we shall discuss the main findings of
these investigations:

Combined group mortalily erpen.
ence. ~—1922-1930 (10).—Table V was
compiled from the report entitled

TABLE II
Aas Groors
SLEY tRON 23 " BALLEANLS {SOW ROB-FEBROTE METAL
IR 3 4 3 4 . 3 14
[ 1 | 4 4 . 2
SRR NI E R IR AR AR
t! z ) x =
paurs

50 and over i |elnnle]t]s]l1r]oj2)0]|0]o
4049 14 | 7 2|1 3 9 L] 1 0 1 1 [
039 . 7 q ] 7 0|12 3 1 2 0 0 2
0-29 0 1 13 3 2 ] 0 0 1 0 0 1

Under 20 0 0 1 0 [} 0 L] 0 0 o 0 0
Not given 0 0 el 0 0 0 3 0 4 0ol o 0
Total examined...| 32 [20 | 78 {27 8 |9 7 2 9 1 1 3
TABLE II1
Yzars or Exrosvzs
dABY RO [, ¢1 1 BALLEADLE MBON HONPFERROUS WBTAL
3 4 3 4 3 H 3 g
AHHE I HHHHE
% 1 = s | = 3 z
Jeure .

18 and over 19 9 18 | 13 2 L} 1 2 1 1 1 2
10-18 s |3 |w1's|1|7]2lo0o]1}jo0o]o]
510 5 7 2| 8°1 7 3 0 2 0 0 0

Under § 3 1 5] 2 2] 7 1 0 3 0 (1] 0
Not given 0 0 0 0 0 0 0 0 2 0 0 0
Total examined...( 32 | 20 127 6 {2 7 2 [} 1 1 3

the findings of the mortality inves-
tigations.

Three recent mortality investiga-
tions, made by American life insuranco
companies, and a report of the Reg-
istrar General of England and Wales
show clearly how urifgvorable is the

“Combined Group Mortality Fxperi-
encs 1922-1930" published by the
Committes on Group Mortality In-
vestigations, July 17, 1931. The
Committee analysed the mortality
records of employees of industrial
concerns insured under Group Life
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Insurance contracts written by six
large American and Cansadisn insyr-
ance companies. All employees of &
particular company, regardless of oc-
cupation, are clsssified under but one
industry.
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It is more than twice that for workers
in any of the industries selected for
comparison. More than one-third of
all the deaths among foundry workers
were caused by some respiratory
discasc, whereas but little more‘than

TABLE IV
Br Occorarion
P ey IA?:::II.I IOI:':::O“
3

I Nogative

Molding. .. .. ..o vinvciiicraneinn
Coremnsking.......covcvcenvnonans
Poyring metal....................
Chipping.......coocovvvrins
Band blasting..

Tumbler opcntoﬂ ..
Sand eonditioning... PPN
Sead cutter......o.ovviniinnian
Band mixing.. .ee v
Annealing. .. sorncnoas
Melter (eleetnc fmm)
Poke out.. trdresensecnse
BhAkc-out . [P
Crinding (lwm‘ or luad). RN
Steel treatisg... . .

Flame euttcr....... cereseresenans
Machine repairer.............. eee
Foundry laborer. . ceenaa
Clesning mill opnntor
Craneman. .
Chainmab.......coviiinerrngenens
Welding. .. AP
Cleaning roon hbom' ............
Cupola teader
Ensmeller..........
Painter.......ooiivinineninnnnnen
Notgiven.......ccoovvevnnnnnn e

asses

COmNHNOO00OOAON OO OO MmO~ G W~ | Puilive

PROCO~OOmROOOOOONOTD OO DO M | Dbitd

-
-

8-'””'-0OQOHOOOGQOOOOOQOONOGO Negative

rd
SO000000000000000COQOQOOOAOMOCOr

.

00000 OARACOO~OMEmrmAOOD OO o) tn | Nagalles

[-B-R-N-N-N-N-N-R-N-E-N-R-R-R-N-N-N-N-N-N-N-W.- NN~ FY

Total examined................| 82
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The death rate for respiratory
discases (including all forms of tuber-
culosis and influenza) for iron and
steel foundry workers, is shown to be
about two and one-third times that for
workers in all industrfes combined.

one-fifth of the deaths of workers in
other industries were due to these
cauges.

Table VI is also bn.-ed upon the
Combined Group Mortality Experi-
ence. It prosents death rates by ages
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losis is lower only at central ages 18
and 23, while their rate for other
discascs of the respiratory system is
markedly in excess at all ages.
Comparing the crude death rates for
all nges combined, it is found that the
influenza death rate for foundrymen
excecds the average by about 80 per
eant, while thelr rate for tubsreulosis
is 5¢ per cent in excess. Most out-
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is largely responsible for the high rate
reported in this investigation for other
diseases of the respiratory system.

Evidence of the excessive mortality
among foundrymen will be found in the
graphic prescntation of the data em-
bodied in columnas 2and 3 of Table VI.
This is crudely presented in the grapd
shown in Fig. 4.

Joint cccupation dudy—[928 (11)~

wor: P
| ewatawipens b

ses |

Py -
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ugunn-'» % M) BB BT TBee

Fio. 4.~All Respiratory Disensos

107109, Ermpioyens of seeet aad tron
20,333,309 years.

standing is the high rate for other
respiratory discases (pneumonis, bron-
chitis, ete.) where the foundrymen's
rate was nearly three times that for
all  workers combined. Unfortu-
nately, dcaths from pneumonia were
not scparately distinguished. Other
studics have indicated that this discase
is the leading causo of death among
foundrymen. Undoubtedly this cause

group mortality experience |

Intercompan
e ,012 years. All occupations

foundries 4

This study covers persons insured in
twelve large life insurance companies
under Ordinary plans (31,000 or more)
during the years 1015-1926. As a
measure of the effect of employment
on the mortality rate, the ratio of
sctual to expected deaths was used.
The number of deaths which-would bo
expected to oocur from respiratory
disesses among the group of persons
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Decennial Supplement, 1921: Part II. 15, U. 8. Public Health Scrvice, Repriat
Oceupational Mortality, Fertility, No. 1370 {rom Public Health Reparts,

aad Infant Mortality. H. M. 8ta. Y.
tionery Offies, London, 1927, ol. 43, No. 1§, May 3, 130, pp.

14. U. 8. Public Health Servics, Puhlie #97-100: Efact of Radisat Energy
Health Bulletin No. 208: Jead Pol. os the 8kin Temperstures of 8 Groap
soping in a Storsge Battary Plaat. of Btesl Workers. Goweramest Print-
Covernment Printing Office, Wash- iag OfBes, Washington, D. C.
ingrea, B\ G, 1983, p. &5 .
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